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AIMS & SCOPE

Pakistan Journal of Scientific and Industrial Research ( PJSIR ) was started in 1958 to disseminate

research results based on utilization of locally available raw materials leading to production

of goods to cater to the national requirements and to promote S&T in the country. Over the past

58 years, the journal conveys high quality original research results in both basic and applied

research in Pakistan. A great number of major achievements in Pakistan were first disseminated

to the outside world through PJSIR.

It is a peer reviewed journal and published in both print and electronic form. Original research

articles, review articles and short communications from varied key scientific disciplines are

accepted however, papers of Pure Mathematics, Computer Sciences, Engineering and Medical

Sciences are not entertained.

From 54th Volume in 2011, it has been bifurcated into Series A: Physical Sciences & Series B:

Biological Sciences. Each series appears three times in a year as follows:

Physical Sciences in January-February, May-June and September-October issues. It includes

research related to Natural Sciences, Organic Chemistry, Inorganic Chemistry, Industrial

Chemistry, Physical Chemistry, Environmental Sciences, Geology, Physics, Polymer Sciences

and Technology. 

Biological Sciences in March-April, July-August and November-December issues. Papers

included in this series are from Agriculture, Agronomy, Botany, Biochemistry, Biotechnology,

Food Sciences, Genetic Engineering, Pharmaceutical Sciences, Microbiology, Marine Sciences,

Soil Sciences, Tissue Culture, Zoology and Technology.

Due to many global issues, we are encouraging contributions from scientists and researchers

from all across the globe with the sole purpose of serving scientific community worldwide on

the whole and particularly for our region and third world countries.
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Introduction

Human tuberculosis (TB) has re-emerged with devastating

consequences on global public health and it is currently

one of the most widespread infectious diseases. In

addition, it is the leading cause of death due to a single

infectious agent among human adults in the world (Jenkins

et al., 2011). Mycobacterium tuberculosis is one of the

most harmful pathogens of mankind, infecting one-

third of the global population and claiming two million

lives every year (Stewart et al., 2003). Tuberculosis

spreads by aerosols from patients with pulmonary disease

(Phillip and Graham, 2004). Mycobacterial infection

has increased in number worldwide due to a global

increase in the number of patients with HIV infection

and AIDS disease, increase in number of elderly patients

and the emergence of resistant tuberculosis. Tuberculosis

arises in two different ways: either from a recent infection

with M. tuberculosis or from the reactivation of dormant

tubercle bacillus after initial infection. As a consequence,

the present level of tuberculosis comprises both indivi-

duals with �new� exogenous infections and those with

a reactivation of �old� endogenous disease (De Backer

et al., 2006). In terms of absolute number of TB cases,

22 countries of the world have the highest TB burden

with at least 270 cases per 100,000 populations. Among

the top five ranking countries are India, China, Indonesia,

South Africa and Nigeria (Harper, 2007; Laughon,

2007). The situation has become more deplorable than

it appeared as 0.5 million new cases due to multidrug-

resistant (MDR) TB were recorded in 2010 (WHO,

2013). The alarming estimates exposes that 0.22 billion

people may acquire TB and 79 million could die due

to TB by the year 2030.

Effective TB treatment is difficult, due to the unusual

structure and chemical composition of the Mycobacterium

cell wall, which makes many antibiotics ineffective and

hinders the entry of drugs (Jia et al., 2005). TB disease

can be treated by taking several drugs for 6 to 9 months
*Author for correspondence;

E-mail: kehinde.ogunniran@covenant-university.edu.ng

Abstract. Nicotinic acid hydrazide and 2,4-dihydoxylbenzaldehyde were condensed at 20 °C to form an

acylhydrazone (H3L1) with ONO coordination pattern. The structure of the acylhydrazone was elucidated

by using CHN analyzer, ESI mass spectrometry, IR, 1H NMR, 13C NMR and 2D NMR such as COSY and

HSQC. Thereafter, five novel metal complexes [Mn(II), Fe(II), Pt(II) Zn(II) and Pd(II)] of the hydrazone

ligand were synthesized and their structural characterization were achieved by several physicochemical

methods namely: elemental analysis, electronic spectra, infrared, EPR, molar conductivity and powder

X-ray diffraction studies. An octahedral geometry was suggested for both Pd(II) and Zn(II) complexes

while both Mn(II) and Fe(II) complexes conformed with tetrahedral pyramidal. However, Pt(II) complex

agreed with tetrahedral geometry. In vitro antitubercular activity study of the ligand and the metal complexes

were evaluated against Mycobacterium tuberculosis, H37Rv, by using micro-diluted method. The results

obtained revealed that (PtL1) (MIC = 0.56 mg/mL), (ZnL1) (MIC = 0.61 mg/mL), (MnL1) (MIC = 0.71 mg/mL)

and (FeL1) (MIC = 0.82 mg/mL), exhibited a significant activity when compared with first line drugs such

as isoniazid (INH) (MIC = 0.9 mg/mL). H3L1 exhibited lesser antitubercular activity with MIC value of

1.02 mg/mL. However, the metal complexes displayed higher cytotoxicity but were found to be non-

significant different (P > 0.05) to isoniazid drug.

Keywords: hydrazones, metal complexes, electron spin resonance, thermogravimetry, powder X-ray

diffraction, antitubercular agents
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Quantification of Cr(VI)-Thymoquinone Complex

Using Cyclic Voltammetry

Farah Kishwara*, Khalid Mohammed Khanb, Rubina Perweena,
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Abstract. Quantitative studies of Cr(VI)- thymoquinone complex have been performed by cyclic voltammetry.

For this purpose glassy carbon, platinum and saturated calomel electrodes were used as working, auxiliary

and reference electrodes, respectively. The effects of concentrations and metal-ligand ratios on Cr(VI)-

thymoquinone complex were investigated. Effect of concentration was found to follow Randles-Sevcik

equation. Calibration curve method with linear regression line confirms that cyclic voltammetry can be

used for quantification of Cr(VI)-thymoquinone complex for pharmaceutical assay. Complete complex

formation seems to occur at metal ligand ratio 1:1. Results indicate quasi-reversible electron transfer

mechanism. E° and diffusion coefficient of complex at different concentrations and metal ligand ratios

were also calculated and found to be 0.244±0.01 V and 3.45´10-5 cm2s-1, respectively. The values of transfer

coefficients, a and b, were found to be 0.716±0.02-1.231±0.01 and 0.814±0.01-0.906±0.01, respectively.

Keywords: Cr(VI)-thymoquinone complex, quantitative studies, cyclic voltammetry

Introduction

Electrochemical methods are now emerging as powerful

and versatile analytical techniques and have found vast

applications in many important fields including pharma-

ceutical industry, and biological and environmental

applications (Farghaly et al., 2014; Tsai et al., 2011;

Sivasubramanian and Sangaranarayanan, 2011; Beitollahi

et al., 2008). The use of electro analysis is increasing

day by day due to high sensitivity, reduction in solvent

and sample consumption, high-speed and low operating

cost (Almeida et al., 2013; Halls et al., 2013; Yuzhi Li

et al., 2013; Cheng et al., 2012; Aaboubi and Housni,

2012; Farghaly et al., 2005; Farghaly and Ghandour,

2005). Especially voltammetric techniques have proved

to be more suitable to investigate the redox properties

of drugs and biological analytes (Baghbamidi et al.,

2012; Karaaslan and Suzen, 2011).

Cyclic voltammetry is a potentiodynamic electrochemical

technique. The primary function of this technique is to

give qualitative information regarding various electro-

chemical processes, although it is equally beneficial for

quantitative analysis. It is useful in finding out the

mechanisms and kinetics of different electrochemical

reactions, rates of oxidation/reduction processes, stability

of different oxidation states etc. Furthermore, this tech-

nique helps to give information about the presence of

intermediates in various redox reactions (Skoog et al.,

1998; Braun, 1983). Hence, this technique is very popular

and reliable electrochemical technique and widely used

nowadays (Beitollahi and Mostafavi, 2014; Molaakbari

et al., 2014; Baghbamidi et al., 2012; Beitollahi and

Sheikhshoaie, 2011; Beitollahi et al., 2012).

Thymoquinone (2-methyl-5-isopropyl-1,4-benzoquinone)

is a phytochemical compound (Fig. 1). It is found as

an active component in the plant of Nigella sativa (Ali

and Blunden, 2003). It possesses several biological

activities (Gali-Muhtasib et al., 2008; Syed, 2008;

Badary et al., 2007; El-Mahdy et al., 2005). Most of

its pharmacological properties are due to its antioxidant

property (Mansour et al., 2002). In addition, it has the

ability to form complexes. Previously its complexation

with some redox active metals using potentiometry has

been investigated by Kishwar et al. (2012). The comple-

xation of thymoquinone with iron by cyclic voltammetry

has also been examined qualitatively and quantitatively

by Kishwar and Haq (2013).

Chromium (VI) has been reported as a highly toxic

element. It is a strong irritant; as a result it may cause

different types of allergic reactions. Its inhalation can*Author for correspondence; E-mail: farahkishwar@yahoo.com
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Effect of Processing on Physicochemical Properties

and Fatty Acid Composition of Fluted Pumpkin

(Telfairia occidentalis) Seed Oil

Jacob Olabode Alademeyin and Jacob Olalekan Arawande*
Department of Science Laboratory Technology, Rufus Giwa Polytechnic, Owo, Ondo State, Nigeria

(received February 17, 2015; revised August 18, 2015; accepted August 19, 2015)
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Abstract. This paper reports the physicochemical properties and fatty acid composition of the seed oil

extracted from fluted pumpkin (Telfairia occidentalis). The extracted oil was degummed, neutralised and

bleached. The oil yield was 42.26±0.20%. The specific gravity (at 25 °C) of the oil  was 0.923±0.003 and

the refractive index (at 25 °C) was 1.475±0.002. Processing of the crude oil resulted in progressive decrease

in turbidity, colour, free fatty acid, acid value, peroxide value and saponification value. However, there

was increase in smoke point (243.00±0.03 to 253.00±0.03 °C), flash point (285.00±1.20 to 304.00±1.10 °C)

and fire point (345.00±1.10 to 358.00±1.55 °C) as well as iodine value (113.00 to 121.50 g/100 g) and

fatty acid composition during the processing of the oil. The fatty acids detected in the oil samples were

myristic, palmitic, stearic, oleic, arachidic, behenic, linoleic and linolenic acids. The predominant fatty

acid was oleic acid (47.40-47.90%) followed by linoleic acid (26.36-30.44%) while the least fatty acid

was linolenic acid (0.01-0.05%).

Keywords: fluted pumpkin, seed oil, degumming, neutralisation, bleaching, fatty acid composition

Introduction

Cucurbitaceae is one of the largest floras which consist

of nearly 100 genera and 750 species. The plant family

is known for its great genetic diversity and wide spread

adaptation which include tropical and sub-tropical

regions, arid desert and temperate locations. Cucurbits

are known for their high protein and oil content (Giwa

et al., 2010).

The seed and seed oil characteristic of some members

of the cucurbits are documented in literature and they

are generally referred to as melons. Telfairia occidentalis

is a member of the cucurbitaceae family, commonly

called fluted pumpkin. Its common names include,

Fluted guard, Colestillada (Spanish), Krobanko (Ghana),

Gonugbe (Sierra Leone) and Ugu (South-East, Nigeria)

(Chukwuonso et al., 2010). The crop is grown mainly

for the leaves, which constitute an important component

of the diet in many West African countries (Gill, 1992).

Fluted pumpkin (T. occidentialis Hook F.) is one of the

food crops with considerable value of energy and protein

that is grown in Nigeria. It is a vine with large lobed

leaves and long twisting tendrils (Chukwuonso et al.,

2010; Okoli and Mgbeogu, 1983). Although pumpkin

seeds are rich in oil storage reserves, it presently has

very low commercial value as an oil seed but is poten-

tially valuable as a high protein oil seed for human and

animal food (Nkang et al., 2003). The seeds of fluted

pumpkin are valuable both as an oil seed (54%) and

also as a protein source (27%) with a fairly well balanced

amino acid composition (Hamed et al., 2008; Akwaowo

et al., 2000). Unfortunately, 78-91% of the fruits wasted

annually (Fagbemi et al., 2005).

There are many studies on the proximate composition

and nutritive value of leaves and seeds of T. occidentalis

(Effiong et al., 2009; Hamed et al., 2008; Akwaowo

et al., 2000; Giami and Isichei, 1999; Giami and Bekebian,

1992; Asiegbu, 1987), scanty information is available

on the physicochemical properties of the seed oil and

fatty acid profile (Bello et al., 2011), but little or no

information on physicochemical properties and fatty

acid composition of the processed (refined) seed oil.

Oil seeds tend to contain a much larger proportion of

solid material associated with the requiring careful

reduction in size and usually some heat treatment before

being processed or solvent extracted to recover the oil

(Gunstone and Norris, 1983). The chemical composition

of oil extract consequently gives a qualitative identifi-

cation of oil, and is an important area in the selective

application guide in the commercialization and utility

of oil products (Salunkhe et al., 1992). A number of

seed oils have been characterized for the identification*Author for correspondence; E-mail: joawande1@yahoo.com
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Liberation Studies of Padhrar Coal By Using Fractionation Method,

XRD Analysis and Megascopic and Microscopic Techniques

Muhammad Shahzad*, Zulfiqar Ali, Yasir Majeed, Zaka Emad,
Muhammad Aaqib and Bilal Adeel

Mining Engineering Department, University of Engineering & Technology, Lahore, Pakistan

(received October 2, 2014; revised September 14, 2015; accepted December 31, 2015)
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Abstract. This research study aims to establish liberation characteristics of Padhrar coal by using various

methods including fractionation method, megascopic and microscopic analysis and X-ray diffraction (XRD)

technique. Sieve analysis revealed that more than 83% of the coal lied in the medium particle size range

of -26.670+6.680 mm. The results of fractionation analysis indicated that most of the sulphur was found

in the smaller sized fractions having particle size less than 6.680 mm while most of the ash was found to

be associated at larger particle size (+26.670 mm) and at relatively smaller particle size (-6.680 mm). It

was found that Padhrar coal consisted of three major minerals namely; quartz, pyrite and kaolinite. These

minerals were found to be associated with organic matter at different particle size levels, thus making the

nature of the Padhrar coal more complex for its cleaning.

Keywords: liberation study, Padhrar coal, fractionation method, XRD of coal, megascopic analysis,

microscopy of coal

Introduction

Coal is a complex heterogeneous mixture of organic

and inorganic constituents (Ural, 2007). These are

usually present in the form of solid, liquid, and gaseous

phases intimately mixed with each other (Liu et al.,

2005; Vassilev and Vassileva, 1996). Although, the

nature of coal (rank and type) and the utilization of coal

in different processes are primarily dependent upon its

organic components (Liu et al., 2005; Vassilev and

Tascon, 2003), but the amount and type of inorganic

matter also play a key role in defining the end use.

The inorganic matter of coal is generally classified into

three major classes namely; dissolved salts, discrete

particles, and inorganic elements mingled within organic

constituents (Vessilev and Vassileva, 1996; Ward, 2002).

Dissolved salts are usually present in the pore water of

coal. Discrete inorganic particles which may be

crystalline or non-crystalline represents true mineral

components of coal (Ward, 2002). The crystalline

mineral matter typically comprised of oxides-hydroxides,

sulphides-sulphosalts, sulphates, silicates, carbonates,

phosphates, vanadates, tungstates, chlorides, native

elements, and other mineral classes (Ural, 2007; Vassilev

and Vassileva, 1996).

Punjab area of Pakistan has a coal resource potential

of 596 million tonnes. Coal reserves in Punjab are

located in the Eastern and the Central Salt Range and

in the Makerwal area of Surghar range. In the recent

past, the coal resources of Punjab have been defined to

be located in the seven zones, Padhrar coal zone is one

of them containing coal resource of 63.83 million tonnes

(Snowden, 2010).

Until now, Padhrar coal could not find its applications

in electricity production and cement industry due to its

low quality. It contains large amounts of mineral matter

and sulphur. Few attempts were made to upgrade the

quality of Padhrar coal through physical cleaning

methods (Shahzad et al., 2015). But these were not

proved successful due to the lack of or poor knowledge

of liberation characteristics of Padhrar coal.

Most of the difficulties associated with coal utilization

arise from inorganic mineral matter rather than maceral

composition. Mineral matter act as a diluent in coal,

displacing combustible material with non-combustible

matter (Ward, 2002).

The form and quantity of inorganic components have

profound effect on the behaviour of coal during

combustion. Quartz particles give rise to erosion in the

grinding mills and on exposed surfaces of the furnace.

Sulphur in various forms have long been recognized as

a cause of corrosion of furnace and boiler pipes as well

as the major source of environmental pollution during

burning of coal. Slagging in furnace is mostly associated

with iron sulphides, siderite or calcite (Creelman and*Author for correspondance; E-mail: m.shahzad87@uet.edu.pk
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Abstract. The main goal of this research was to establish a spatial model for identification of suitable land

for cotton in Punjab, Pakistan through evaluation of multidisciplinary variables by applying geographic

information system (GIS) and analytical hierarchy process (AHP) approach. In this model, rivers were

used as constraint and seven factors were temperature, soil physical and chemical properties, soil pH,

aridity classes, agro-ecological zones, and river command area. On the basis of these parameters suitability

maps were generated. By pair-wise comparison matrix (PWCM) of AHP, weights were extracted by means

of principal Eigen vector by Saaty�s method, with accepted consistency ratio of 0.09. Multi-criteria

evaluation (MCE) employing weighted linear combination aggregates all suitability maps to generate final

suitability map. It was found that more potential sites exist along with existing cotton practiced area. The

result provided important information for farmers to establish linkage between policy decisions and

regulatory actions and to improve agricultural land management.

Keywords: cotton, multi criteria evaluation, analytic hierarchy process, land suitability, geographic

information systems, pair-wise comparison matrix

Introduction

Cotton is Pakistan�s main cash crop and is planted on

15% of its total arable land during the Kharif season.

This production is concentrated in two provinces with

Punjab accounting for nearly 75% and Sindh nearly

25% of this arable land. An estimated 1.6 million farmers

grow cotton in Pakistan. The textile sector is the largest

industrial sector in Pakistan and accounts for about 40%

of the industrial labour force (Shafiq-ur-Rehman, 2015).

Pakistan is the 4th largest producer, 7th largest consumer,

7th largest importer, and 12th largest exporter of cotton

in the world (FAS-USDA, 2015).

As a semi-industrialized country, Pakistan is heavily

dependent on the agricultural crops such as cotton. As

a result, the policymakers are facing a great challenge

to carry out agricultural reform for sustainability and

optimization of resources. To meet the increasing demand

of agri-products, it is not feasible to bring more area

under cultivation due to limited resources. To tackle this,

focus has shifted from extensive to intensive farming

for precision farming and sustainable agriculture (Perveen

et al., 2013). To deal with the complexities for selecting

the best location for agricultural production, necessitate

the use of geo-spatial domain which accelerates the rate

of adoption of sustainable agriculture and benefit the

farmers and decision makers in agriculture planning

(Joshua et al., 2013).

One of the most important applications of GIS is the

display and analysis of data for environmental decision-

making (Eastman, 1999). GIS-based MCDA combines

and transforms spatial and aspatial data (input) into a

resultant decision (output) (Malczewski, 2004). The

hierarchical model i.e., analytical hierarchy process (AHP)

consists of objectives, criteria and sub-criteria. To evaluate

the criteria, scoring was made with preference scale,

and a pair-wise comparison matrix (PWCM) was created,

for which consistency should be below 0.10 (Akinci

et al., 2013). Multi-criteria evaluation (MCE) model

finds solutions to decision-making problems character-

ized by multiple factors, and weighted linear combination

(WLC) aggregate them into a final land suitability index

(Khoi and Murayama, 2010).

Using GIS based MCE model, cotton land suitability

in Sindh, Pakistan was evaluated by agro-informatics

data of soil, ground water availability, irrigation methods,

climate, land use, cropping patterns and agro-ecological
*Author for correspondence;

E-mail: haroon.rasheed@bimcs.edu.pk

96
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Improvement in Textile Industry
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(received March 24, 2014; revised September 4, 2015; accepted October 9, 2015)
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Abstract. The main theme of this research is to introduce a new technique for quality improvement in

industries and services environment. The technique is called as quality variation minimizer (QVM), which

is used to test and compare product quality among multiple data groups, i.e. machines, operators, and

material etc. For the significant application, QVM is applied at Card department in spinning industry to

determine yarn grains quality by different machines. Then comparison of QVM is made with other already

developed techniques, i.e., coefficient variation (CV), sigma level etc. to determine yarn grains quality.

From the results determined by t-test and chi square test, it has been found that QVM is an effective method

to determine yarn grains quality with sample average near the target/demanded value as well as minimum

variation.

Keywords: coefficient of variation, quality variation minimizer, sigma level, yarn grains quality

Introduction

Quality is the only key to survive any organization or

company for a certain product or services. Quality means

fitness for use or to meet the customer needs and satis-

faction. In this situation, quality improvement activities

have become a part of the business culture and a way of

life (Gijo and Rao, 2005).

Across all types of industries, a well-known fact is that

�process and product variation� is the strongest factor

affecting the product and process costs, process yield,

product quality and customer satisfaction (Hild et al.,

2000). During the past half of the century, various tools,

i.e. statistical process control (SPC), quality circles

(QC), total quality management (TQM), benchmarking,

quality management system (QMS), enter resource

planning (ERP) packages, Kaizen and Six Sigma have

been developed for quality improvements and custo-

mer satisfaction (Antony et al., 2005; Dedhia, 2005;

Montgomery, 2005).

Nowadays, billions of dollar are spent annually on good

quality products in the world. In order to remain in the

main stream of global competition, market manufacturers

have to produce good quality products in various fields,

i.e. health, the internet, textile, food etc. (Dhillon, 2007).

In 2000, World fiber production was predicted 50 million

tonnes (Clapp et al., 2001). In the textile industry, to

ensure the product quality, quality control is necessary.

Statistical quality control (SQC) was first time used in

the yarn manufacturing industry in the late 1940s until

1950 (Clapp et al., 2001). In 1981, Milliken & the

Company (Textile Company) applied TQM in the

company to meet the customer demands. Currently,

there are 30,000 approximately textile-related companies

in the United States, of which mostly use TQM tools

for reducing cost and enhancing customer satisfaction

(Mukhopadhyay and Ray, 2006). Mukhopadhyay and

Ray (2006) applied Six Sigma to reduce yarn packing

defects and they had the techniques of Six Sigma i.e.,

control chart, sigma level, MSA, regression, etc. Feili

and Fekraty (2010) constructed the control charts on

the basis of probability and fuzzy theory to monitor the

yarn quality. They have found that fuzzy theory performs

better than probability theory for monitoring product

quality. Maros et al. (2011) applied control charts on

chenille yarn defect types to see the variations.

Textile industry and its markets both are so complex

and the customer is always demanding for better quality

of textile products and on time delivery with minimum

cost. To satisfy these challenges, companies are imple-

menting SQC techniques for their customer satisfactions

(Das, 2013). Acceptable quality is identified by the end

user while fabric makers are the main user of yarn

(Lord, 2003). In textile spinning industry, quality is valued

by utilizing the parameters yarn count (NEC), count

coefficient of variation (CV%) or evenness (consistency),

strength, CLSP, TPI (twist per inch), uniformity (Um%),

thin, thick places and so on. Yarn quality consistency

is measured by variance, standard deviation or CV of*Author for correspondence; E-mail: ma_amin15@yahoo.com
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Abstract. In this study, 100 % cotton fabric was used to check the impact on fabric crystallinity and tensile

strength at different processing stages. Desizing, scouring, bleaching, mercerization and resin (only resin

& resin+softener) application were the processes performed on the fabric. X-Ray diffractometer and tensile

strength tester were used to determine the crystallinity index (CI) and tensile strength, respectively. Results

revealed that from scouring to mercerization crystallinity (CI) decreased while desizing and resin application

treatments showed no significant impact on the crystallinity (CI). In case of tensile strength, a decreasing

trend from desizing to resin application was observed.

Keywords: cotton fabric, tensile strength, crystallinity index, X-ray diffraction

Introduction

Cotton is mostly used natural cellulosic fibre in textile

products. Cellulose has crystalline and amorphous

regions. In crystalline region, atoms are arranged in a

close packing. There exist three dimensional arrangements

due to hydrogen bonding between them. On the other

hand in amorphous region, atoms are randomly arranged

because of the absence of  hydrogen bonding. Number

of sites (hydroxyl groups) available in amorphous region

governs the bonding or reactivity in suitable conditions

for modification in performance properties of cotton

fibre, while a material with greater crystallinity percentage

has greater strength and a big influence on hardness,

density, transparency and diffusion of the material e.g.

cotton fibre or fabric (Parikh, 2007).

During different chemical treatments on cotton fibre or

fabric, the available sites in the amorphous region react

and get modified. Such modifications have impact on

the crystallinity and strength of the cotton fibre or fabric.

Much research work has been carried out to measure

the crystallinity of cotton by using X-ray diffraction

method. The crystallite orientation of cotton cellulose

was analysed by using improved method of X-ray

diffraction spectrometer (Creely et al., 1956). In an

other research two types of cotton were treated with

anhydrous ethylamine, diethylamine, pyridine and

aqueous solutions of sodium hydroxide (30%) and

potassium hydroxide (40%) for 15 min to 50 h to check

the impact on moisture regain tensile, mechanical,

swelling and optical properties. It was concluded that

anhydrous ethylamine, NaOH and KOH reduced the

crystallinity significantly, while diethylamine and

pyridine did not produce any significant change in

crystallinity of cotton (Pandey and Iyengar, 1969a).

The chemical modification of cotton fibre was also

analysed by applying different concentrations of the

chemica  and their impact on different properties of

cotton fibre were observed and concluded that ethylamine,

EDA, KOH and LiOH reduced the crystallinity of cotton

by increasing the concentration (Pandey and Iyengar,

1969b). Cotton fibre and fabric treated with butane-

tetracarboxylic acid (BTCA) with the catalyst sodium

hypophosphite at different concentrations. In the same

line the cotton fibre treated with BTCA reduced its

crystallinity and strength at different concentrations

(Xu, 2003). Similarly, the impact of crosslinking and

bleaching treatment on crystallinity of cotton fibres was

determined by using formaldehyde and dimethy-

loldihydroxy ethylene urea (DMDHEU) or citric acid

(CA) as cross linking agents for bleached cotton fabric

(Parikh, 2007). While in another study the cotton was

treated with neutralized vegetable oil base macro-

molecular crosslinkers to check the impact on cotton

crystallinity by using X-ray diffraction methodology

(Ford etal., 2010).*Author for correspondence; E-mail:qamartosief@yahoo.com

114



Contamination of toxic metals such as copper, lead,

zinc, nickel and chromium in the aquatic environment

is a matter of attention as studied by Kaewsarn and Yu

(2001). Heavy metal contamination may cause serious

health problems such as cancer and brain damage

(Mukhopadhyay, 2008).

The presence of nickel ions in surface water is a problem

of increasing importance in Nigeria.

The permissible limit of nickel according to World

Health Organization (WHO) in drinking water is 1 mg/L

as reported by Nemerow (1963). Current developed

methods for solving water contaminated related problems

include filtration, ion exchange, membrane separation,

nutrient stripping and adsorption. The adsorption

technology (biosorption) which utilizes natural biomass

materials is very effective for the detoxification of

metal-bearing industrial effluents.

Water hyacinth (Eichhornia crassipes) is known as one

of the �world�s worst aquatic weeds� (Malik, 2007). On

the other hand, it appears to be a valuable material with

a remediation property. Therefore, E. crassipes biomass

was used in this study to remove Ni (II) ion from

aqueous solution under isothermal condition and

isotherm model equations were used to analyse the

equilibrium data.

The leaves of water hyacinth were collected from Choba

River, Choba community in Obio-Akpor local government

area of Rivers state, Nigeria. The water hyacinth biomass

was sun-dried for two days. The biosorbent was prepared

by washing it with 0.1M HCl (to convert alignates to

alignic acid) and then rinsed with deionized water. The

leaves were then dried further in an oven for 24 h until

the leaves became crisp. After drying, the leaves were

ground by a manual grinder, to a constant size of

150 mm.

The nickel stock solution (1000 mg/L) was prepared

using analytical grade of CH3COOONi.4H2O and test

solution was prepared by dilution to the desired

concentrations. The biosorption study was carried out

by adopting a column reactor system under isothermal

condition. The column experiment was performed in a

packed bed consisting of a cotton wool and the biomass

with inner diameter of 30 mm and length of 500 mm.

The water hyacinth leaves powder (1 g) was used to

study the effect of pH, contact time and concentration

at 298 K. The supernatant obtained was analysed using

atomic absorption spectrophotometer (AAS). The

amount of metal ion biosorbed per gram of the biomass

qe was calculated using the equation below.

where:

qe = the amount of metal ion biosorbed per gram of the

biomass in mg/g

Ci = the initial concentration of the metal ion in mg/L,

Biosorption Characteristics of Water Hyacinth (Eichhornia crassipes)

in the Removal of Nickel (II) Ion under Isothermal Condition
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Port Harcourt, Rivers State, Nigeria

(received March 30, 2015; revised August 14, 2015; accepted August 19, 2015)
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Abstract. This study was taken to investigate the potentiality of water hyacinth (Eichhornia crassipes)

as an alternative biosorbent for the removal of Ni (II) ion from aqueous solution. The optimum pH, contact

time and concentration were found to be 6.0, 40 min and 1.0 mg/L under isothermal condition. The

biosorption of Ni (II) ion was found to decrease with increasing pH, initial concentration and contact time.

Results obtained were analysed with Langmuir and Freundlich biosorption models. The equilibrium data

fitted well to the Langmuir biosorption model with correlation coefficient (R2) value of 0.98. The monolayer

adsorption capacity was 0.29 mg/g. The removal of Ni (II) ion from aqueous solution using water hyacinth

biomass followed a monolayer biosorption.

Keywords: monolayer biosorption, water hyacinth, nickel removal
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