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Introduction
The thermal parameters of rocks include thermal conducti-
vity, heat capacity and thermal diffusivity. The first two para-
meters give the capability of a material to conduct and accu-
mulate heat, respectively, and the third parameter gives an
estimate of what area of the material has been affected by heat
per second. The knowledge of thermal transport properties
of rocks, as a function of temperature, has become important
with the wide spread interest in thermal processes of under-
ground fluid-bearing reservoirs. Some of these processes
include thermal methods of enhanced oil recovery, manage-
ment of geothermal reservoirs and underground disposal of
nuclear waste.

The thermal properties of porous media are useful in many
scientific and engineering disciplines. The design of thermal
insulating materials depends upon the heat transfer characte-
ristics of porous media. Thermal conductivity of a given rock
depends, at constant temperature and pressure, on its minera-
logical composition as well as on its porosity and pore filling.
It is customary to subdivide the bulk thermal conductivity into
the contribution due to the rock matrix (which accounts for
the mineralogical constituents) and into the contribution of
the pore space. The latter accounts for the type of pore fillings
(which can be air, water, oil, etc.) and also depends on the
geometrical configuration of the pores.

In connection with the geological exploration and thermal oil
recovery methods, several models have been proposed to
explain the measured thermal conductivity of porous mate-
rials with porosity, chemical composition, grain size, tempera-
ture or pressure, etc. (Zimmerman, 1989; Beck, 1976; Sugawara
and Yoshizawa, 1962; Somerton, 1958). Thermal properties

and the temperature-related behaviour of rock/fluid systems
are described by Somerton (1992) at length.

Models of predicting thermal conductivity are of three gene-
ral types (Somerton, 1992). The first type involves applica-
tion of the mixing laws for porous mineral aggregates con-
taining various fluids. Since these models do not take into
account the structural characteristics of rocks, they are of
limited applicability. The second is the empirical model in
which other more easily-measured physical properties are
related to thermal conductivity through application of regres-
sion analysis to laboratory data. This method has also its short-
comings in that the resulting model may be applicable only to
the particular suite of rocks being investigated. The third type
is the theoretical model based on the mechanisms of heat trans-
fer applicable to simplified geometries of the rock/fluid sys-
tem. The difficulty here is the degree of simplification neces-
sary to obtain a solution.

In the present work, thermal parameters of five porous rock
samples have been measured. All the samples were obtained
from Khewra (Jehlum, Pakistan), with the collaboration of
Pakistan Natural History Museum, Shakar Parian, Islamabad.
The Khewra sandstones of Cambrian age are exposed to
Khewra Gorge in the north of Khewra town, Pakistan. The
sandstone is 155.84 m thick and displays fine grained to
medium grained sandstones, siltstones, shale and occasional
carbonates. The Khewra sandstones have been proved as oil
reservoir in some of the oil fields located in Potohar areas of
Pakistan. The variation of thermal conductivity as a function
of temperature has been reported in the present study. The
porosity, density and chemical composition of the samples
have been determined and the effect of these parameters on
the estimation of thermal conductivity was also undertaken.
A modified formula proposed by Sugawara and Yoshizawa
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Abstract. Thermal conductivity and thermal diffusivity of porous rocks have been measured simultaneously by Gustafsson
probe in the temperature range of 280-330 K at normal pressure using air as the saturant. Data are presented for five types
of samples ranging in porosity from 8 to 17%, and to show the variation of thermal conductivity with porosity. An
empirical formula is suggested to account for the estimation of thermal conductivity of porous sandstones in terms of
porosity and thermal conductivities of the mineral constituents. Thermal conductivities of the samples do not change
much within the temperature of measurement.
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Introduction
Studies on ionic solvation of ammonium and tetra-
alkylammonium salts in solvents of low permitivity are very
few. Such studies have significant importance because of their
applications in modern technology (Jasinki, 1967). 1,4-diox-
ane and its aqueous binary mixtures are very important sol-
vents, widely used in various industries. These solvents   figure
prominantly in the high-energy battery technology, having also
found application in organic syntheses as manifested from the
numerous physicochemical studies in these media (Roy et al.,
2001; Roy, 2000; Roy and Hazra, 1994; Janz, 1973). With a
system of varying dielectric constant in the mixed solvents, there
exists scope of variation of solvent-solvent interactions since
composition of the solvents in a binary mixture is varied. Thus,
studies in mixed solvents may provide information regarding
both the specific and non-specific solvent effects on the ion-
association phenomena.

In the present work, an attempt has been made to ascertain the
complete nature of ion-solvent and solvent-solvent interac-
tions of ammonium and tetraalkylammonium salts in aqueous
binary mixtures of 1,4-dioxane at 298.15 K.

Materials and Methods
1,4-dioxane (Merck, India) was kept several days over KOH,
refluxed for 24 h and distilled over LiAlH4, as described ear-
lier (Roy et al., 2001). The purified solvent had a density of
1.03052 g.cm-3 and viscosity co-efficient of 1.20011 cp at
298.15 K, which compared well with  the values reported in
literature (Covington and Dickinson, 1973).

Five salts, namely, Me4NCl, Et4NBr, Pr4NBr, Bu4NBr and Bu4NI
(A.R. grade), were purified by dissolving in mixed alcohol me-
dium and recrystallized from solvent ether medium. After filtra-
tion, the salts were dried in an oven for few hours. The ammo-
nium halide salts, NH4F, NH4Br and NH4Cl, were dried at about
80-100 °C in a vacuum oven for 48 h before use (Perrin and
Armarego, 1988). Stock solutions of each salt were prepared
by mass, and the working solutions were obtained by mass
dilution. The values of dielectric constant (ε) were taken from
those reported in the literature (Covington and Dickinson,
1973), whereas the densities (ρ0) and viscosities (η0) of the
solvent mixtures were measured by an Ostwald-Sprengel type
pycnometer and suspended-level Ubbelohde type viscometer,
respectively, as described in detail earlier (Roy et al., 2001).
The conductance measurements were carried out in a systronic
306 conductivity bridge (accuracy ± 0.1%), using a dip-type
immersion conductivity cell, CD-10 having cell constant 1.0
± 10%. Measurements were made in a waterbath maintained
within 298.15 ± 0.01 K.

Results and Discussion
The solvent properties of the different aqueous binary mix-
tures of 1,4-dioxane are given in Table 1, where ε is the
dielectric constant, ρ0 the density (g.cm-3), η0 the viscosity
(cp), and x1 the mole fraction of 1,4-dioxane. Molar conduc-
tances (Λ) of the electrolyte solutions, as a function of molar
concentration (c), are given in Table 2 for the different sol-
vent mixtures at 298.15 K.

The analysis of conductance data in terms of limiting molar
conductance (Λ0) and ion-association constant (KA) of the elec-
trolytes have been carried out iteratively according to
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Abstract. Electrical conductances of some ammonium and tetraalkylammonium halides have been measured in differ-
ent mass (20-80%) of 1,4-dioxane + water mixtures at 298.15 K. The limiting molar conductivity (Λ0), the association
constant (KA), and association distance (R) in the solvent mixtures have been evaluated using Fuoss conductance
equation (Fuoss, 1978). Based on the composition dependence of Walden product (Λ0η0), the influence of the mixed
solvent composition on the solvation of ions has been also discussed. The results have been considered in terms of ion-
solvent and ion-ion interactions and the structural changes in the mixed solvent systems.
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Introduction
The exclamation of ‘eureka’ by Archemedes in 1778, after ex-
periencing buoyancy in his body weight in water meant the
fulfilment of his pursuit of knowing purity of gold as it gave a
hope to determine density that fascinated him a lot (Romero
and Paez, 2006). His concept, later boosted the industrial pro-
cesses of metallurgical extraction and separation (Robert,
1952). This led to the development of an instrument based on
buoyancy,  referred to as magnetic float, which is used for the
measurement of density of solutions of  organic compounds
consisting of amino (-NH2) functional groups. As the -NH2

group introduces several physicochemical properties  in com-
pounds, it is  used as a probe to derive reliable information on
solute-solute and solute-solvent interactions (Apelblat and
Manzurola, 1999). The -NH2 group is an important component
of amino acids, peptides, proteins and several other
biochemicals. Activities of the -NH2  group depend on its chemi-
cal environment. The thermodynamic studies of amino com-
pounds are not sufficiently reported (Cabani et al., 1972). The
present studies were thus undertaken on the ρ and Vφ     param-
eters of melamine (an important constituent of amino plastic
polymers), urea and methylurea, alongwith methylurea in
0.05 mol kg-1 aqueous urea.

The effects of -NH2 groups on heteromolecular and pair-wise
interactions have been analyzed (Nelson and Cox, 2002). A
highly accurate densimeter, with 1 ppm variation in the ρ for
calculation of the Vφ  values, is required for these studies
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(Fernandez et al., 1982; Friedman and Krishnan, 1973). Pyc-
nometer and dilatometer measure the ρ values with 1x10-4 g
cm-3 accuracy, which do not yield sufficintly accurate data
for  the calculation of Vφ values (Lee and Millero, 1995;
Hershey et al., 1983).The accuracy, however, depends on
the accuracy of the balance, which  measures the weights of
the solutions. Anton Paar (vibrating digital tube, DMA model
60/601 gives 1x10-6 g cm-1 variation) measures the ρ values
with 1x10-6 g cm-3  (Singh, 2005). This instrument is expen-
sive, and complicated in maintenance and repair. Magnetic
flow densimeter (MFD) is, therefore, preferred, which is
simple to operate in all respects (Millero, 1967). This
instument is based on the buoyancy principle of Archemedis.
It consists of a magnetic float (Millero, 1970; 1968) that hov-
ers in the solutions and an electromagnetic interaction is
generated separately (Millero et al., 1972) by solenoids S1

and S2 that control the movements of the float inside the
solution  in the cell (Millero et al., 1978). Recently, the den-
sity and viscosity measurements of aqueous solutions of
biomolecules have been found  to be very useful to illustrate
solute-solvent interactions (Singh and Sharma, 2006). Such
studies have been noted to authentically illustrate the dena-
turation and unfolding dynamics of the proteins, as the den-
sities of the solutions also decide the behaviour of partition
of certain medically important molecules in different immis-
cible phases (Singh and Sharma, 2006).

In consideration of these aspects, studies were undertaken to
determine densities (ρ) of urea, methylurea, melamine in aqeous,
alongwith methylurea in aquous urea solutions, usingE-mail: mansingh50@hotmail.com

Abstract. Densities (ρ) of urea (H2NCONH2), methylurea (H3C-HNCONH2), melamine (C3N6H6) in aqueous, alongwith
mehtylurea in 0.05 mol kg-1 aqueous urea solutions have been measured with magnetic float densimeter (MFD) with
the accuracy value of 1x10-3 kg m-3.  The data were used to calculate apparent molar volumes (Vφ ) that are compared with
the values obtained with Anton Paar densimeter DMA 60/601 model.  The values of the ρ and Vφ parameters were regressed
and extrapolated to zero concentration (m = 0), for their limiting densities (ρo) and limiting molar volumes (Vφ 

o) alongwith
their respective slope values. The values of the ρo and Vφ 

 oconstants elucidated the heteromolecular interactions of -NH2
group, and it was noted that -NH2 in different chemical compounds influenced interactions with water, especially with
electron donating -CH3 group of methylurea.

Keywords:  magnetic float densimeter, Anton Paar, heteromolecular interactions, hydrophilic interactions, hydrophobic
interactions, molar volume, densities of urea/methylurea, melamine
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Introduction
Crystallization of lithium, di- and meta-solid solutions from
Li2O-SiO2 glasses has been studied extensively (Hasdemir
et al., 1998; Rindone, 1962). It has been established that low
temperature crystallization leads to the formation of a tran-
sient lithium monosilicate phase, which later on converts to
proper lithium monosilicate (Vogel, 1971). It has been reported
that on heating at 300 °C for 5 h, the XRD pattern resembled
that of lithium metasilicate, though it was not identical with it.
Heating below 300 °C for 5 h resulted in diffused, unidenti-
fied scattering, and identification was not possible. However,
when heated at 342 °C for 1 h, characteristic line of the meta-
silicate appeared. Longer heat-treatments at the same tempera-
ture, nevertheless, resulted in the formation of a transition
structure. This transition structure has been reported to per-
sist up to about 500 °C, at which temperature  lithium disilicate
with cristabolite appeared. The glass when heated above
500 °C, developed only lithium disilicate phase.

Crystal nucleation kinetics of lithium disilicate glasses have
been studied (Barker et al., 1988; Rowlands and James, 1979).
Phase separation was reported to have significant effect on
the nucleation rate (James, 1974). In glasses containing 17.7,
31 and 33.2 mol % Li2O, it was found that crystal nucleation
rate of the glasses with 31 mol % Li2O, which had undergone
phase separation, increased with time at 461°C, whereas the
glasses with 33.2 mol % Li2O, that lay outside the immiscibil-
ity region, had a lower nucleation rate.

Lithium borosilicate glasses have attracted great attention
during the recent years, particularly in the area of crystalli-

zation (Salaman et al., 2000; Rouse et al., 1981). In the
present investigation, crystallization of lithium borosilicate
ternary glasses was studied. The effect of SiO2/Li2O ratio
on the development of various crystalline phases in the pres-
ence of the same mol fraction of B2O3 is discussed.

Materials and Methods
Three glass batches (M-1, M-2, M-3) having different mol %
composition of SiO2 and Li2O were formulated (Table 1). The
glass formulation constituents comprised lithium carbonate
and boric acid (Merk, Germany), and quartz (Swabi, NWFP,
Pakistan) of 99% purity as the respective sources of LiO2, B2O3

and SiO2. The glass batches were melted by heating up to 618
°C at the rate of 10 °C per min for 30 min. Melting was
followed by refining at 1350 °C for 1 h in an electric furnace.
Melts were cast into preheated die and then annealed at differ-
ent temperatures depending upon the glass transition tempera-
ture (Tg) of  the glasses. The annealed glass samples were nucle-
ated in platinum crucibles at 550 °C for 6 h and allowed to cool
down to room temperature. The glass samples were subsequently
subjected to the higher temperature of 700 °C for their crystal-
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Abstract. Lithium borosilicate ternary system is analogous to the most commercially exploited Na2O-B2O3-SiO2 sys-
tem. The tendency towards liquid-liquid immiscibility is enhanced when sodium is replaced by lithium, which facili-
tates the crystallization process. In the present work, three compositions of lithium borosilicate glasses were formu-
lated and melted by varying the mol percent ratio of SiO2 and Li2O. The glasses were subsequently subjected to
crystallization by isothermal heat-treatments at identical temperatures for various specific time durations. The crystal
growth was found to be linear and the rate of crystallization was dependent on SiO2/Li2O ratio. The phases that
developed during heat-treatments were identified using XRD.
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Table 1.  Compositions of three batches of glass containing
different mol percent of SiO2 and Li2O in the presence of fixed
mol percent of B2O3

Glass      Glass batch composition (mol %)
batch SiO2 Li2O B2O3

M-1 50 27 23
M-2 46 31 23
M-3 42 35 23



Introduction
Ketoamines, ketoiminies/Schiff bases, and their metal(II) che-
lates, have been studied due to their high reactivity in cataly-
sis (Britovsek et al., 2001; Gade, 2001; Laine et al., 1999). For
example, zirconium ketoiminates and their derivatives have
been reported to have moderate activity for the polymeriza-
tion of ethylene in the presence of cocatalyst-modified
methylaluminoxane (Kim et al., 2001; Britovsek et al., 1999),
while vanadyl tetradentate Schiff base complexes were used
as catalysts in aerobic selective oxidation of olefins and
cyclohexene (Boghaei and Mohebi, 2002). The ternary Cu(II)
chelates of amino acid Schiff bases have found uses in inter-
molecular crossings, or as immobilizing agents for proteins
and as oxidative cleaving agents for DNA in the presence of
mercaptopropionic acid (Reddy and Kandibanda, 2006;
Katsuhiro et al., 1989).

Polymeric Schiff bases derived from 2,7-diaminoflourene,
terephthaldialdehyde or glyoxal are  used as semi-conductors
in appliances (Danhaeuser and Manecke, 1965), while Schiff
bases derived from hexamethylenediamine and anisaldehyde
or p-(dimethylamino)benzaldehyde increased the tensile
strength of rubber formed when cross-linked with hexafluo-
ropropylene and vinylidene fluoride, or are used to improve
ageing resistance of natural rubber (George et al., 1993;
Dobrokhotov and Makarov, 1978). Schiff bases are used as
corrosion inhibitors. For example, fluorinated Schiff base
derived from 3,4-difluorobenzaldehyde and 4,4′-benzidine
has been used as corrosion inhibitor in steel (Mehta and
Agarwala, 1996). Furthermore, these ligands are planar, highly
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Abstract. The β-ketoimine ligands {[CH3C(O)CHC(CH3)(-NH(CH2)nNH-)C(CH3)CHC(O)CH3]; n = 2, 6, 8, 9}, their
copper(II) chelates, and adducts with 2,2´-bipyridine (bipy) and 1,10-phenanthroline (phen) have been synthesized and
characterized by elemental analysis, magnetic susceptibility, conductance, and infrared and electronic spectral measure-
ments. The ligands were tetradentate in the complexes, using the imine N and keto O atoms in coordination. The room
temperature magnetic moments of the complexes, suggest that they were magnetically dilute, while infrared and electronic
spectra results were corroborative of a four coordinate square-planar geometry for the copper(II) chelates and a six coor-
dinate octahedral geometry for their adducts. The compounds were non-electrolyte in nitromethane.

Keywords: 2,2´-bipyridine adducts, β-ketoimines, square-planar geometry, tetradentate ligands, octahedral geometry,
copper(II) chelates

acidic with unique chelating ability, and may serve as models
for biological studies (Sorell, 1989). In medicine, the Schiff
base derived from S-benzyldithiocarbazate and benzil, and its
Cd(II) and Zn(II) complexes, have high activity against renal
and melanoma carcinoma (Tofazzal et al., 2000).

A search through literature reveals detailed information on
copper(II) complexes of various salicyaldimines, napthaldi-
mines, 3-chloro-β-ketoimines and fluorinated analogs with
their pyridine(s), 2,2´-bipyridine or 1,10-phenanthroline
adducts (Osowole et al., 2003, Abd-Elzaher, 2001; Kabak
et al., 1999; Mehta and Desai, 1998; Abuhijleh and Ahmed,
1991), whereas very little is known about Cu(II) β-ketoimi-
nates derived from condensation of 2,4-pentanedione and
aliphatic diamines and their 2,2´-bipyridine and 1,10-phenan-
throline adducts. Attempt was, therefore, made to synthesise
and characterize various β-ketoimines, their copper(II) com-
plexes and adducts with 2,2´-bipyridine (bipy), and 1,10-
phenanthroline (phen). The effect of increasing methylene
chain from 2-9 in the copper(II) complexes on their geometry
was also investigated. The ligands used for the study and their
acronyms (H2L

1, H2L
2, H2L

3 and H2L
4) are shown in Fig. 1

(equations 1-3). These ligands (Woods et al., 2004; Osowole
et al., 2002), and [Cu(L3)] (Holtzclaw et al., 1958; McCarthy
et al., 1955) have been reported in literature. However, other
Cu(II) compounds and all the adducts are new, which are
being reported here for the first time.

Materials and Methods
Anatytical procedures. The elemental analyses for C, H and
N were done at the Microanalytical Laboratory, Institute of
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Introduction
Roadside soils show considerable metallic contamination due
to direct deposition of vehicle-derived metals and relocation
of metals deposited on the road surface (Harrison et al., 1981;
Shaheen, 1975; Sartor and  Boyd, 1972). In some instances,
the soils may represent a significant pollutant source,
especially when storm-water runoff removes a large part of
the soil and its associated metals from the roadway, causing
an increased metal input to rivers and/or sewage treatment
works (Harrison and Laxen, 1981). The key concerns include
bioaccumulation of toxic elements in the food chain, the
potential adverse health effects, and the potential ecosystem
perturbation. With the development of the field of environ-
mental geochemistry during the last decade, the scientific
community has based the assessments of health hazards,
toxicity, and bioavailability, on the levels of specific chemical
forms of the heavy metals in environmental samples, such as
airborne particulates, water, biological materials, soils and
sediments, rather than on the total level of elements. This is
accomplished by a variety of different empirical sequential
extraction procedures. The sequential extraction procedures
remove metals selectively from the various components of
the soil with which they are associated (Table 1). These tech-
niques also provide information about the mobile and stable
fractions of the metals present in the soil, which helps in
evaluating  the actual and potential mobility of metals.

A wide range of chemical extractants and sequential extractions

Evaluation of the Three-Stage BCR (European Community Bureau of
Reference) Sequential Extraction Procedure to Assess the Potential

Mobility and Toxicity of Heavy Metals in Roadside Soils
K. A. Yusuf

Department of Chemistry, Lagos State University, Ojo, PMB 1087, Apapa, Lagos, Nigeria
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Abstract. The geochemical properties of roadside soils, specifically the association of metals with operationally defined
solid fractions, were characterised. The new optimised four-step (acid extractable, reducible, oxidizable, and residual)
sequential extraction procedure was applied to five roadside soils from an urban city, Lagos, Nigeria. Three elements were
examined (Pb, Cu and Zn) in the < 250-μm fraction. Data so obtained indicated that more than 50% of the metals were
associated with the residual fraction, reflecting lithogenic-pedogenic control. Zinc had one-sixth of its quantity in the most
mobile and/or bioavailable fraction, which is susceptible to release into solution with the decrease in pH. The amount of lead
associated with the reducible fraction was significant, while an appreciable amount of copper was associated with oxidizable
fraction (19%).

Keywords: sequential extraction, metal mobility, metal toxicity, roadside soils, heavy metals

have been reported  (Davidson et al., 1994; Thomas et al.,
1994; Samanidou and Fytianos, 1987; Shuman, 1985; Sposito
et al., 1982; Tessier et al., 1979). The most widely applied
procedure was proposed by Tessier et al. (1979). This analy-
tical method partitions particulate elements into five
operationally defined geochemical fractions (Table 2). With
the general acceptance of this procedure, however, there are

Table l.  Classification of metals associated with dusts,
sediments, and soils

Classification Form of Extraction
association* technique

Solubles metal ppt; release to pure
pore water water, or river water

Exchangeables specifically exchange with
adsorbed; excess cations
ion exchangeable

Carbonates ppt, or co-ppt release by mild acids

Fe-Mn oxides      specifically reduction
adsorbed;
co-ppt

Organic phase complexed; oxidation
adsorbed

Residuals in mineral lattices digestion with
strong acids

*ppt = precipitateE-mail: kafyusuf@yahoo.co.uk
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Contents in Potable Water Using Indigenous Materials
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Abstract. The chemical examination of drinking water samples colleted from twenty one sampling sites in a village of
Khyber Agency (Pakistan) have been reported, described and discussed. It was noted that the quality of drinking water was
poor in more than 60% of the samples collected, in respect of its excessive fluoride contents, which was found in the range
of 0.27-5.03 mg/l, and was therefore many times higher in most of the samples than the WHO recommended limits of 0.5
mg/l.  The higher concentration of fluoride in the potable water is considered to be the main cause of dental decay among the
inhabitants of the area. Certain naturally occurring materials like plastic clay, bauxite, and high alumina clay were applied
to remove the excessive fluoride contents from the potable water of the area. Fluoride removal from the potable water was
effectively achieved using a mixture of indigenous plastic clay, bauxite, and high alumina clay in different ratios with sand.
The process is cheap and simple, with 86% removal of fluoride contents achieved from the drinking water.

Keywords: fluoride removal, water fluoride, fluoride sorption, fluoride water treatment
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Introduction
Most of the diseases in the developing countries are caused
by the consumption of  water of poor quality (Dix, 1981; Holden,
1970; Feachem et al., 1970). Poor quality of water may be either
due to the presence of harmful bacteria or lack/over abun-
dance of certain chemical entities (Holden, 1970). Increasing
agricultural activities, industrial development, poor sanitation,
and unhygienic practices by the public in general are regarded
as the main factors responsible for deteriorating the quality of
water.

Excessive concentration of fluoride in water causes fluorosis,
a disease in which the teeth first change to brown and then
their decay occurs gradually ( Jolly et al., 1968). Studies have
also shown that long-term consumption of fluoridated water
increased the risk of hip fracture, especially in women aged 65
years and older (Jacobsen et al., 1990). It has been reported
that fluorosis may occur when the fluoride level in water ex-
ceeds the limit of 3.5 mg/l (Holden, 1970). The high fluoride
content may also cause weakening of bones, weight loss, and
thyroid and kidney injury. It has been also revealed that fluo-
ride is a mutagen (an agent causing genetic damage), a car-
cinogen (an agent causing cancer), and a cancer promotor on
the basis of laboratory and clinical studies on the cells of
animals and humans (Jacqmin-Gadda et al., 1995).

Fluoride occurs naturally in many water supplies. Studies on
the assessment and control of nitrates and fluorides in some

cities of southern Punjab (Pakistan) have been carried out
(Ahmad, 2000), which indicate excessive fluoride content in
29.7 % of the total samples analyzed. These studies have also
reported defluoridization with alumina.

The high fluoride levels in drinking water and its impacts on
human health, in many parts of India have been investigated
(Bower and Hatcher, 1967), which have indicated that the
fluoride-bearing minerals in the rocks and soils are the cause
of high fluoride content in the groundwater. Studies have been,
therefore, conducted to develop a suitable low-cost method
for the removal of fluoride present naturally in the
groundwater. The ability of red soil to adsorb fluorine from
solutions has also been reported by some researchers (Fluhler
et al., 1982; Gupta et al., 1982). Some studies have also at-
tempted to remove fluoride by using columns of natural mate-
rials, such as red soil, charcoal, brick powder, fly ash, and
serpentine (Chidambaram et al., 2003).

The inhabitants of the Federally Administered Tribal Areas
(FATA) of Pakistan face serious problem of tooth decay dur-
ing their early age. The cause of early tooth decay was noted
to be due to excessive fluoride content. The conclusion was
based on the chemical analysis of the potable water consumed
by these inhabitants. The presence of fluoride in the potable
water bodies is probably due to the occurrence of fluoride
bearing rocks and minerals, such as phosphorite (fluroapatite),
calcite, dolomite, etc., in the area. The present study deals
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Abstract. Chlorella vulgaris was cultured in four different dilutions of sugar mill effluent media (SMEM). Bold’s
basal medium (BBM) was used as the control under laboratory conditions. Maximum cell growth and chlorophyll-a
content were obtained on 10th day of the culture in 50% diluted SMEM, followed by those grown in BBM, and 75, 25
and 100% SMEM at stationary phase. The specific growth rate (μg/day) of cells and chlorophyll-a of C. vulgaris
grown in 50% SMEM varied significantly (p < 0.01) from those of C. vulgaris cultured in BBM, followed by other
SMEM concentrations. Total biomass of C. vulgaris, cultured in 50% SMEM, was found to be significantly higher (p
< 0.01) than that of C. vulgaris cultured in BBM, and 25, 75 and 100% SMEM concentrations. Similar trend was also
observed in the case of optical density. Cell number and chlorophyll-a of C. vulgaris were highly (p < 0.01) and
directly correlated with chlorophyll-a (r2 = 0.991) of C. vulgaris and optical density (r2 = 0.989) for the culture media
containing C. vulgaris, respectively. Crude proteins and crude lipids of C. vulgaris, grown in 50% SMEM, were
significantly (p < 0.01) higher than those of C. vulgaris cultured in other SMEM concentrations. Due to good growth
performance exhibited in the 50% SMEM dilution, the sugar mill effluent may be used for efficient cultivation of
C. vulgaris and possibly other microalgae.

Keywords: algal culture, Chlorella vulgaris, sugar mill effluents, Chlorella culture

Introduction

There are 17 sugar mills in Bangladesh, out of which 15 are
operational. The sugar mills are the largest agroindustry in
Bangladesh, which release huge amounts of waste effluents,
particularly during the crushing season (November-April). The
effluent contains washings from the sugarcane pulp press and
condensers, and lime cake, molasses, press mud and oil from
machinery. It contains large quantities of organic and inor-
ganic compounds, some of which may produce toxic sub-
stances on decomposition and on undergoing chemical changes
(Baliarsingh et al., 1992). Sugar mills also release sulphur
compounds along with effluents, which are acted upon by
reducing bacteria to produce hydrogen sulphide (H2S), a gas
highly toxic to fish and other aquatic organisms (Banerjea
and Motwani, 1960). During treatment of effluents in the oxi-
dation ponds, it has been observed that aquatic weeds cannot
survive during the period of several months. In rainy season,
however, when heavy rainfall washes out the effluent, plants
and animals can gradually start to grow and exist in these
ponds. Chowdhury et al. (1998) observed that a large number
of different species of fish and some mollusks died within

five days, following the resumption of sugar production
period, due to pollution caused by the effluent. It has been
suggested, nevertheless, that due to the presence of nutrients
in this waste effluent, it may be usable to grow and culture
microalgae for recycling the nutrients (Kulkarni and
Manissery, 1997).

Chlorella vulgaris Beijerinck is an autospore forming, fast
growing and nutritionally rich microalga (Habib, 1998). It
grows widely in different decomposed organic media. It
achieves peak growth within 6-8 days. The cell mass contains
high level of crude proteins (39-42%), crude lipids (12-19%),
minerals (7-12%), and considerable amounts of carbohydrates.
The microalga is rich in polyunsaturated fatty acids, specifi-
cally C18 : 2n-3 and C20 : 3n-3 (Habib et al., 2003; Tan and
Johns, 1991), and amino acids, particularly, lysine, leucine,
threonine and methionine (Habib et al., 2003).

Recent studies with rubber, palm oil and sugar mill effluents
have shown that these effluents contain high organic load,
which can cause high chemical oxygen demand (Habib et al.,
1998; 1997; Kulkarni and Manissery, 1997; Isa, 1993; Anton,
1992). Studies have also shown that these effluents are rich in
nutrients, such as broken proteins, lipids, cellulose, carbohy-
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Abstract. Excised embryos of Arachis hypogaea were cultured on Murashige and Skoog’s medium (MS medium) supple-
mented with different combinations of growth hormones. The highest frequency of callus proliferation (80%) was recorded
on MS medium mixed with 1.0 mg/l of 2,4-D and 0.5 mg/l of BAP. These cultures were treated with 0.65 mg/l of trans-4-
hydroxy-L-proline (HyP) and various concentrations (0.1-0.5%) of NaCl. In all cases the presence of salt reduced the fresh
mass of callus. Shoot regeneration in the cultures took place when transferred to MS medium supplemented with 1.0
mg/l of kinetin (Kin) and 0.5 mg/l of  6-benzylaminopurine (BAP). Percentage of shoot regeneration decreased with the
increase of NaCl (0.1- 0.5%) in the shoot regeneration medium. Root formation in these cultures took place when the
cultures were nurtured on MS medium free of growth hormones.  Regeneration, hardening and acclimatization of the salt-
tolerant plants was conducted.

Keywords: tissue culture, Arachis hypogaea, salt-tolerant plant, in vitro regeneration, salt-tolerant peanuts

Introduction
The peanut plant (Arachis hypogaea) is an annual legume. It
belongs to the family Leguminoseae and genus Arachis. The
genus Arachis is native to a region encompassing Central
Brazil and the neighbouring countries (Moretzsohn et al., 2004).
The peanut seeds contain approximately 50% oil on dry weight
basis (Isleib et al., 2004). It is a rich source of fat, proteins and
vitamins B1, B2, nicotine and vitamin E (Chopra et al., 1958).

Soil salinity has long been on the list of global catastrophes.
Areas affected by soil salinity are rapidly increasing in the
Middle East and North Africa. The total area affected by min-
eral toxicity is about 25% of the World’s potentially arable
land (Raghava and Nabors, 1985). In the South and Southeast
Asia, an area of 50 million hectares is adversely affected by
salinity (Gamborg et al., 1988). Salinity has also created an
alarming situation in Pakistan. Owing to salinization, Pakistan
loses 40,000 hectares per year (Jones and Gorham, 1986).

Application of tissue and cell culture techniques to enhance
the adaptation of plants to stresses is relatively recent. Excess
salt, usually NaCl, is the most widespread chemical condition
inhibiting plant growth in nature (Casey, 1972; Epstein, 1976).
The advantages of tissue culture technique for selecting salt-
resistant mutants have been discussed by Melchers (1972).
This approach was applied successfully by Zenk (1974), who
selected a cell line that was able to grow on medium contain-
ing 0.17 M NaCl from the haploid culture of Nicotiana
sylvestris. Another successful selection was reported by Dix

and Street (1975), who selected a number of cell lines of
Nicotiana sylvestris and Capsicum annuum capable of grow-
ing in liquid medium containing upto 0.34 M NaCl. Plants were
regenerated from resistant cell lines obtained after two to six
passages in media containing 0.34 M NaCl (Dix, 1980).
Croughan et al. (1978) isolated NaCl-resistant cells, which could
grow on a medium containing 0.17 M NaCl, from cell culture of
alfalfa (Medicago sativa). Plants have been regenerated from
salt-tolerant cell lines using the procedure of Staverek et al.
(1980). Fitch and Moore (1981) have reported the regeneration
of salt tolerant plants of sugarcane on medium furnished with
0.20-0.34 M NaCl. Similar results were documented by Rains et
al. (1980) with rice on cells selected in the presence of 0.26 M
NaCl. Screening of salt-resistant varieties of rice was also con-
ducted through International Rice Research Institute (IRRI)
tissue culture breeding programme (Yamada and Loh, 1984).
Callus has been induced from seeds placed on high salt me-
dium, and plants have been regenerated from salt-resistant
callus. Kochba et al. (1980) reported the isolation of ‘shamouti’
orange (Citrus sinensis) callus lines with increased resistance
to NaCl.

Mukesh- Jain et al. (1993) successfully employed in vitro meth-
ods to isolate glyphosate-tolerant lines of peanuts from
mutagenized and non-mutagenized callus cultures. Moreover,
Jain et al. (2002) selected cell lines of Arachis hypogaea in the
presence of high salt (NaCl), and a herbicide (glyphosate),
which yielded 4.2-4.5x and 3.9-4.6x elevated  glyoxylase-I
activity, respectively.
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Introduction
Sugar beet (Beta vulgaris) is one of the most important sugar
crops used for sugar production, in which regard it ranks sec-
ond to sugarcane in the world. Sugar beet contains 30% more
sugar than sugarcane and it is estimated that 40% of the total
World’s sugar is produced  from sugar beet (Khan, 1969). The
research and development work on the cultivation of sugar
beet as a sugar crop in the North West Frontier Province
(NWFP) of Pakistan was initiated in 1912.  A major initiative,
however, was undertaken in 1952. The earlier experiments
showed that the climatic conditions of this part of the country
were well suited for commercial production of this crop (Khan,
1969). NWFP is the only sugar beet producing province of
Pakistan. Presently, sugar beet is sown on an area of 11.8 thou-
sand ha in the province with a production of 456.3 thousand
tonnes (Gop, 2006).  Sugar beet, being a short seasoned crop,
offers an excellent opportunity for better crop rotation and is
well suited to the cropping system of the province. A much
higher total net income per unit area can be obtained from
sugar beet and the maize crops grown in a year than is pos-
sible from sugarcane (Kaffka et al., 1994). Introduction of
this crop in the region has been also beneficial for the sugar
mills industry because of a longer crushing season, and hence

more efficient utilization of labour and machinery. For these
reasons, almost all sugar mills in the NWFP, Pakistan, had
started the production of sugar from sugar beet as early as
1977. However, research work on the fertilizer requirements,
cultural practices, evolution of varieties, and determining the
yield potential of different varieties under different agro-
climatic conditions has been sporadic and scanty. Present work,
therefore, was undertaken to determine the optimum fertilizer
requirements of two important varieties of sugar beet for maxi-
mum beet and sugar yields under the prevailing agro-climatic
conditions of Peshawar valley.

Materials and Methods
A field experiment was conducted on clay-loam soil of Agri-
cultural Research Institute, Tarnab, Peshawar, Pakistan, to
determine the effect of different doses of nitrogen and phos-
phorus applications on the beet and sugar yield of two sugar
beet varieties, namely, USH-10 and Maribo Extrapoli. Field
was thoroughly prepared by adopting all the required tillage
operations before sowing. Seeds were sown on ridges, 2 feet
apart, followed by light irrigation. Eight irrigations were
applied to the crop as and when required. The experiment
was based on split plot design, with varieties kept in the main
plot and fertilizer doses in sub-plots. Each treatment was
replicated three times. The plot size was 4.88 x 7.62 m, with 7
rows in each treatment. Nitrogen and phosphorus were

*Author for correspondence; E-mails: drzebkhattak@hotmail.com;
nifa@pes.comsats.net.pk

Abstract. Studies were conducted to determine the effect of different doses of nitrogen and phosphorous applications
on the yield and quality of two varieties of sugar beet. The genotypic varieties included in the study were: USH-10 and
Maribo Extrapoli. Fertilizer doses applied were: 56.2, 113.7 and 170.0 (kg/ha) each of N and P. Results indicated that
at the same leavel of fertilizer application, the two varieties did not differ significantly in root yield (kg/ha), sugar
contents (%) and sugar yield (kg/ha). Yield, however, was significantly (p < 0.01) influenced by the application of
different doses of N and P. The yield was the lowest for control (zero fertilizer application), and increased (p > 0.01)
with the first two fertilizer doses. However, a decline in the yield (p < 0.01) was noted with the further higher dose of
fertilizers. Sugar contents as percent yield did not differ in the two varieties. Fertilizer application resulted in signifi-
cantly (p < 001) higher sugar level only upto the second dose. The results revealed that the second dose (113.7 : 113.7
kg/h of N : P) was the most economical level of fertilizer application for sugar beet crop cultivation in the agro-climatic
region of Peshawar, Pakistan.

Keywords: sugar beet, fertilizer applications, sugar beet root yield, sugar beet sugar contents, sugar beet var. USH-10,
sugar beet var Maribo Extrapoli
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Abstract. The Acorga M5640 solvent extraction reagent was used for the extraction of copper from hot rolling mill scale
liquor. The copper concentration in this liquor ranged between 2 g per litre to 14 g per litre. Ten g per litre Cu and 3 g per
litre Fe of the prepared initial feed was used in the solvent extraction and electrowinning unit. Six g per litre Cu in the
aqueous solution was used during laboratory scale experimentation because the lower strength was almost completely
loaded in the organic extractant, Acorga M5640. The conditions optimized were: organic phase of 30% (v/v) in kerosene and
the loaded organic extractant was 5.43 g per litre at 90.5% extraction; pH 2.5; extraction aqueous to organic phase ratio of
5:1 and stripping aqueous to organic phase ratio of 3:1; extraction cycle performance 3 and stripping cycle performance 2;
and phase disengagement and equilibration time 10 min. The electrolyte containing sulphuric acid, 35 g per litre in
combination with varying amounts of copper sulphate ranging from 25 g per litre to 40 g per litre  was used as the strip
solution on laboratory scale. Atomic absorption spectrophotometry and electrogravimetric analysis were used for the
determination of electrowon copper, which in the present study were 99.89% and 99.78%, respectively. The solvent
stability and reliability was excellent, which was also verified by the results achieved during the bench scale study for
further use in solvent extraction mixer-settler counter-current unit.

Keywords: Acorga M5640, copper extraction, copper recovery, raffinate copper, solvent extraction, copper electro-
winning,  waste copper, rolling mill copper scale
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Introduction
Copper is among the oldest known metals. Approximately 1.69
million ton of copper will be recovered from Saindak deposits in
Balochistan, Pakistan, apart from gold and silver (Shah, 2004).
The region of upper Punjab, including Lahore, Gujranwala and
Gujarat, has a variety of wire manufacturing industrial units.
The waste of this industry includes copper oxide scales. Using
solvent extraction process, pure copper can be recovered from
this waste.

By and large, the solvent extraction is a hydrometallurgical pro-
cess in which selective separation of the desired components is
achieved and the desired metal is concentrated into a form from
which it can be recovered in a high state of purity (Alguacil
et al., 2002; Cox, 1992; Ritcey  and  Ashbrook, 1984). The recov-
ery of copper by solvent extraction was possibly the most sig-
nificant hydrometallurgical development of the 1960s, which
even now is a dominant technology in the industrial chemicals
arena (Reddy and Priya, 2005; Aminian and Bazin, 2000;
Doungdeetha-Veeratana and Sohn, 1998; Aminian et al., 1997).
Solvent extraction of copper was first used commercially in 1968
for the treatment of dilute liquors from dump leach operations.
Since then, with the operation of the first commercial plant
at the Rancher’s Baghdad mine, the total capacity of World’s

copper production by solvent extraction-electrowinning has
increased manifold to 1.65 million ton per annum.

In the early 1970s, ICI developed a reagent known as P-50 to
carry out commercial operations using the solvent extraction
technique for copper separation. This reagent has proved to
be a very strong extractant showing faster kinetics of extrac-
tion and relatively higher selectivity than the previously
used reagents, namely, LIX 64N and LIX 65N (Lee et al., 1994;
Kojima and Miyauchi, 1982), which also resulted in a sub-
stantial change in the plant configuration (Banza et al., 2002).
The reagent Acorga P5100 was also developed and used
commercially for copper extraction at the Kennecott Ray
mine plant in Arizona, USA, in 1980. In recent years, it has
been replaced with new Acorga reagents, such as M5640
and PT5050, both of which have better selectivity and reco-
very characteristics (Cox et al., 2004;  Lee et al., 2003;  Dalton
and Steward, 1986). Extensive laboratory scale and commer-
cial operations around the World have demonstrated that
Acorga (ester modified reagent M5640) is the most hydro-
lytically stable formulation available in the market (Alguacil
et al., 1998; Szymanowski, 1993). It offers significant savings
in operational costs on account of reduced reagent usage,
even with commercial initial feed solutions (Dalton and
Steward, 1986).
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A chromium plating bath was recommended to produce bright
electrodeposits at a high current efficiency, and high
microhardness with less porosity. The bath contained chro-
mic acid (250 g/l) and potassium sulfate (2.5 g/l) at 325 K
and the cathodic current density of 15.5-31.0 A/dm2

(Krishnan et al., 1999). Chrome electrodeposition bath with
improved throwing power was discussed in an earlier report
(Haque et al., 2003). The role of activators, such as sodium
silicofluoride and sulfuric acid, in bright chrome electro-
plating, has been also discussed (Haque et al., 2002).

Composition of an electrolyte for hard decorative chromium
electroplating has been proposed. The electrolyte for hard deco-
rative chrome plating, at the temperature of about 50 °C and
current density of 15.0-50 A/dm2, contained 250-400 g/l chro-
mic acid and 2.5-4.0 g/l sulfuric acid. Shiny mirror-uniform
microcrystalline electroplates were obtained in this electrolyte
on the addition of 10-15 g/l boric acid, 1-1.5 g/l strontium sul-
fate and 0.2-2.0 g/l sodium fluoride (Grunwald et al., 1998).
Results of experiments carried out with nonetching electrolytes,
but containing sulfate and potassium iodate have been reported.
Different concentrations of chromic acid, sulfate and potassium
iodate were used and current efficiency, rate of build-up, throw-
ing power, deposit nature, and microhardness have been evalu-
ated (Kennedy et al., 1996). Decorative or hard chromium plat-
ing was possible from a bath containing chromic acid (250 g/l)
and ammonium fluoride (30 g/l) at 50 °C and current density
25-60 A/dm2. The bath produced brighter deposits even up to
50 μm thickness (Sriveeraraghavan et al., 1996).

The present study reports the current efficincy of hard chrome
plating bath. Experiments were carried out using industrial
grade chromic acid. Chemicals used were chromium trioxide

(Oxychem, USA, industrial grade, containing 0.2% sulfate
maximum), sulfuric acid (BDH, England, analytical grade),
and copper sulfate (Merck, Germany, analytical grade). Other
chemicals used were: sodium hydroxide, sodium carbonate,
sodium silicate, trisodium phosphate and ethanol, all of labo-
ratory grade and used as received. In all experiments, the elec-
trolytes for chrome plating were prepared from chromium tri-
oxide (Haque et al., 2003).  The cathode efficiency was mea-
sured by placing the copper coulometer in series with the bath
(Canning, 1971). The composition of the solution of copper
coulometer is given in Table 1.

Brass pieces, 1.45 x 0.9 in2, were used as the cathode for
chrome plating. The sheet was polished, mechanically buffed,
degreased with ethanol, and electolytically cleaned before
plating. The copper cathodes of area 2.7 x 1.4 in2 were
employed. For chrome plating, 6% tin-lead alloy (Dr. Hesse
and Cie, Germany), were used as anodes. For copper cou-
lometer, copper pieces, 6 x 1.75 in2, were employed as
anodes. The experiments were carried out in glass cells,
containing the electrolytes.

The nature of the deposits over a wide range of  current den-
sity was ascertained from Hull cell experiments using brass
panels of 20 gauge, 2.5 x 4.0625 in2. The 6% tin-lead alloy
(Dr. Hesse and Cie, Germany), 2.5 x 2.5 in2 was employed as
the anode. The effect of various concentrations of chromic
acid and sodium silicofluoride on cathode efficiency of the
hard chrome plating bath was studied and results have been
summarized (Fig. 1, 2).
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Abstract. Current efficiency of hard chrome plating bath was studied. Experiments were carried out using industrial
grade chromic acid. The best results were obtained from the chrome plating bath comprising chromic acid 300-350 g/l,
sodium silicofluoride 5-6 g/l, CrO3/H2SO4 ratio of 125 : 1, at current density 12 A/dm2 and temperature 30-35 °C. The
current efficiency of the bath was    32%.

Keywords: chrome plating, copper coulometer, sodium silicoflouride, cathode efficiency

Table 1. Composition of the solution for copper coulometer

Chemical Concentration

Copper sulfate 100-125 g/l
Sulfuric acid 25-35 ml/l
Ethanol 25-35 ml/l

  ~
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