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Introduction

Chlorophenols (CPs) are extensively used in the produc-

tion of herbicides, dyes, wood protectors and plant

regulators. The wastewater coming from such industries

has a considerable and variable amount of CPs which is

highly toxic and poorly biodegradable as reported by

Czaplicka (2004). Due to their high toxicity and resistance

to degradation, CPs have been listed as priority pollutants

as per Proposition 65 by the Environmental Protection

Agency, USA (EPA, 2005) and as per WHO guidelines

(WHO, 1996) on CPs in drinking water.

CPs are widely distributed in the environment in different

forms such as dissociated, non-dissociated and adsorbed

on the suspended matters. Reported studies of Sithole

et al. (1986) and Czaplicka (2001), state that CPs are

present in reservoirs, surface water and in sediments. In

ambient air, CPs are present as a result of vapours coming

from the production related activities utilising chlorine,

combustion of wastes, coal and wood.  As per Berg (1990),

the effect on ambient air is directly related to the local

emission source. In soil, the presence of CPs is the result

of wastewater discharge from the chlorinated industries,

biodegradation of herbicides and pesticides. The

transportation of contaminants in soil was studied by

Knuutinen et al. (1990) which is affected by the pH of the

soil, nature of contaminant, solubility in water, evaporation

rates and biodegradation rates.

The catalytic hydrodechlorination (CHDC) has different

advantages over the oxidation process such as the selec-

tivity of different types of the catalysts, chemical reactors

and mild reaction conditions. It offers a possible unit

process having cost effectiveness in which chlorine is

converted to salt (chloride ion) and phenol into saturated

cyclic alcohol i.e., cyclohexanol (Vaidya and Mahajani,

2004). CHDC has a wide range of application in

chlorobenzene (Meshesha et al., 2009), both in gas

phase (Keane and Murzin, 2001) and multiphase mixture

(Murena and Giogia, 2004), chloroethylenes (Concibido

et al., 2005; Nishijima et al., 2004), chlorobiphenyls

(Gryglewicz et al., 2006), carbon tetrachloride (Gomez-

Sainero et al., 2002; 2000) and chloroethanes (Mori

et al., 2004). The precious metal Pd, Pt, and Rh exhibited*Author for correspondence; E-mail: asim_rehman@live.com

Abstract. In this study, a new prospective regarding application of gas liquid reactions in the presence

of catalyst was studied for pollution abatement in the novel reactor. Catalytic hydrodechlorination (CHDC)

of 2,4-dichlorophenol (2,4-DCP) in aqueous system was carried out under the operating conditions at  25-

75 °C, 1 atm in co-current down flow contactor reactor. Under these reaction conditions complete conversion

of 2,4-DCP into less toxic products (phenol and cyclohexanone) was achieved using 5% Pd/C catalyst.

At typical temperature the hydrodechlorination reaction of 2,4-DCP was completed after 10 min. 2,4-DCP

was converted to 96.19% of phenol and 3.81% of cyclohexanone using 0.4 g/L of 5% Pd/C catalyst. The

increase in initial concentration of 2,4-DCP resulted in the increase in time for the dechlorination of 2,4-

DCP. The calculated activation energy values amounted to 43 KJ/mol for the CHDC of 2,4-DCP exhibiting

that this reaction occurs mainly under the surface reaction rate controlled condition.

Keywords: catalytic hydrodechlorination, 2,4-dichlorophenol, palladium, carbon, co-current downflow

contactor reactor
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Contamination in Lahore, Pakistan

Khalid Mahmood*, Rabia Munsaf Khan, Mudabbar Ashfaq, Haseeb Ahsan,
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Department of Space Science, University of the Punjab, Lahore, Pakistan
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Pak. j. sci. ind. res. Ser. A: phys. sci. 2015 58 (1) 8-16

Abstract. This study was intended to map intrinsic vulnerability of groundwater contamination in Lahore

using GIS based DRASTIC model. The final output of DRASTIC model was reclassified into three equal

interval classes, corresponding to low, moderate and high vulnerability regions. Most of the study area was

found to have low to moderate vulnerability, with 27.48% area of low, 66.48% of moderate and only 6.04%

area of high vulnerability. Most of the drinking water wells are installed in the residential area of the city,

which shows low chances of contamination due to deep water table and almost no recharge. However, an

industrial drain is located in the high vulnerable area in the southeastern part of the study area. The previous

studies are in agreement with vulnerability zones. Further to remove any doubt in the suitability of assigned

weight, map removal sensitivity analysis had been carried out. The assessment of the sensitivity analysis

had been made through visual as well as quantitative methods. Priority order for contribution of the

parameters in the vulnerability for the study area is D>I>C>R>A>T>S.

Keywords: groundwater, intrinsic vulnerability, DRASTIC, weighted overlay, sensitivity analysis

Introduction

Water, the matrix of life, is essential for human existence

over face of the earth. Fresh water constitutes only 2.5%

of Earth�s total water and only one third of it is available

for human use (Mahmood et al., 2011). In this regard,

groundwater serves as a major source of fresh drinking

water in rural and urban areas (Mahmood et al., 2013).

This source of fresh water is prone to contamination,

that can cause many of the water borne diseases such as

cholera, diarrhoea, typhoid, paratyphoid, hepatitis A,

dermatitis and enteric fever (Butt and Ghaffar, 2012;

Mahmood et al., 2011; Rehman, 2008). Considering

importance of the source of freshwater, environmental

protection policies give highest priorities to monitor

groundwater quality (Mahmood et al., 2011).

Groundwater has self-purification capacity but the

system is not strong enough to separate all kind of

contaminations (Wang et al., 2012; Saidi et al., 2011).

Even with the advances in technology, rehabilitation of

polluted groundwater is very difficult and need heavy

investment for a long period of time (Majandang and

Sarapirome, 2013; You-Hailin et al., 2011). One of the

possibilities to avoid groundwater contamination is

through the identification of vulnerable areas followed

by their remedial monitoring.

The concept of groundwater vulnerability is very popular

for the assessment of groundwater contamination risk

and hence to preserve groundwater quality (Almasri,

2008) and exists since 1960. The term groundwater

vulnerability is well defined by National Research Council

(NRC, 1993), as the tendency or likelihood for contami-

nants to reach a specified position in the groundwater

system after introduction at some location above the

uppermost aquifer. This vulnerability largely depends

upon the geological structure of the area as it controls

the time for surface water to filter through the layers

before reaching the aquifer (Rahman, 2008) but there

are other factors as well.

Main problem of vulnerability based analysis is the

handling of large heterogeneous data for the analysis

(Rahman, 2008). Use of the geographic information

system (GIS), in this regard, is very helpful as it facili-

tates spatial data management, analysis and mapping

(Almasri, 2008). Studies mostly made use of weighted

overlay and result into a map, produced by overlaying

a series of layers, each correspond to a parameter for

groundwater contamination (Majandang and Sarapirome,

2013). Among many types of vulnerability analysis,

intrinsic vulnerability is a process independent of the

nature of specific contaminants and takes into account

the geological, hydrogeological and hydrological charac-

teristics of an area (Shirazi et al., 2013). Each of the*Author for correspondence; E-mail: khalid.spsc@pu.edu.pk

8



Introduction

Today biodiesel is considered as one of the most attractive

and environmentally benign fuels on account of its better

physicochemical properties and combustion as compared to

conventio-nal diesel fuel. It is a readily available clean burning

fuel which can be used both in blended as well as neat forms

without major changes in the engine hardware. Regulated

emissions such as carbon monoxide (CO), hydrocarbons

(HC) and PM are greatly reduced with biodiesel (He et al.,

2009; Shah et al., 2009a; Rehman and Ghadge, 2007; Turrio-

Baldassarri et al., 2004; Dorado et al., 2003). Moreover,

smoke opacity and other unregulated emissions comprising

aldehyde and ketones, polycyclic aromatic hydrocarbons

(PAHs), and volatile organic compounds (VOCs) are also

decreased with this alternative fuel (Shah et al., 2009b; Shah

et al., 2008; Jha et al., 2008; Lin et al., 2006). However,

oxides of nitrogen (NO´) and nuclei mode particles have

been reported to be increased with biodiesel (Shah et al.,

2014; Shah et al., 2009a, 2009b; Karabektas et al., 2008;

Szybist et al., 2007; Usta, 2005).

The performance of engines in terms of brake power,

thermal efficiency, and brake specific energy consump-

tion is more or less same with biodiesel or its blends

(Shah et al., 2009a, 2009b; Agarwal and Das, 2001). In

addition to this, study of combustion parameters such

as ignition delay, maximum combustion pressure (MCP),

maximum rate of pressure rise, start of injection angle,

heat release rate, and combustion zones endorse the

superiority of this renewable and biodegradable fuel

over the petroleum diesel (Shah at al., 2009a; Tsolakis,

2006; Lee et al., 2005). Further, macroscopic spray

characteristics of biodiesel-diesel blended fuel have

revealed that both the spray tip penetration and cone

angle are increased with biodiesel, relative to diesel

(Shah et al., 2010). This reflects the better quality of

biodiesel blended fuel, than the neat diesel.

In general, PM is constituted by ashes or trace elements,

volatile organic fraction or soluble organic fraction, sulphates

and carbon soot, while the composition is affected by several

parameters such as engine category, sampling technique,

lubricating oil, composition of fuel and type of driving cycle

(Zhao et al., 2010). Agarwal (2007) is of the view that PM

consists of 40% unburned lubricating oil, 31% elemental

carbon, 14% sulphates, 7% unburned fuel, and 8% metals

along with some other substances. Metals in the emitted

particulate matter originate from lube oil, fuel, and engine

17
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Role of Biodiesel-Diesel Blends in Alteration of Particulate

Matter Emanated by Diesel Engine

Asad Naeem Shaha b*, Ge Yun-Shanb,  Tan Jian-Weib and  Ejaz Mahmood Shahida

a
Department of Mechanical Engineering, University of Engineering and Technology,

Lahore-54000, Pakistan
bNational Laboratory of Auto Performance and Emission Test, School of Mechanical and

Vehicular Engineering, Beijing Institute of Technology, Beijing100081, China

(received June 4, 2013; revised April 11, 2014; accepted April 15, 2014)

Abstracts: The current study is focused on the investigation of the role of biodiesel in the alteration

of particulate matter (PM) composition emitted from a direct injection-compression ignition. Two

important blends of biodiesel with commercial diesel known as B20 (20% biodiesel and 80% diesel by

volume) and B50 were used for the comparative analysis of their pollutants with those of 100% or

traditional diesel (D). The experiments were performed under the auspices of the Chinese 8-mode steady-

state cycle on a test bench by coupling the engine with an AC electrical dynamometer. As per experimental

results, over-50 nm aerosols were abated by 8.7-47% and 6-51% with B20 and B50, respectively, on

account of lofty nitrogen dioxide to nitrogen oxides (NO2/NO
´
) ratios. In case of B50, sub-50 nm aerosols

and sulphates were higher at maximum load modes of the test, owing to adsorption phenomenon of

inorganic nuclei leading to heterogeneous nucleation. Moreover, trace metal emissions (TME) were

substantially reduced reflecting the reduction rates of 42-57% and 64-80% with B20 and B50, respectively,

relative to baseline measurements taken with diesel. In addition to this, individual elements such as Ca

and Fe were greatly minimised, while Na was enhanced with biodiesel blended fuels.

Keywords: biodiesel, unregulated emissions, trace metals, nanoparticles, sulphates, diesel engine



Preparation of GF/Wollastonite Reinforced Epoxy Hybrid
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bDepartment of Mechanical Engineering, Dr. K.V. Subba Reddy Institute of Technology, Dupadu,
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cDepartment of Mechanical Engineering, Govt. Polytechnic, Anantapur, India

dDepartment of Mechanical Engineering, P.V.K.K. Institute of Technology, Anantapur,
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Abstract. Performance of injection moulded short wollastonite fibre and chopped glass fibre reinforced

hybrid epoxy composites was studied. The results showed that hybridisation of glass fibre and wollastonite

was in congruence to epoxy glass fibre composite system. Effect of fibre length, fibre orientation in matrix

and analysis and fracture surface was undertaken. The mechanical properties of injection moulded, chopped

glass fibre/wollastonite/epoxy hybrid composites were investigated by considering the effect of hybridisation

by these two fillers. It was observed that the tensile, flexural, and impact properties of the filled epoxy

were higher than those of unfilled epoxy. The effect of filler on epoxy matrix subjected to the tensile

strength and modulus was studied and compared with the rule of mixture. The actual results are marginally

low as compared with the values obtained by the rule of hybrid mixtures (RoHM).

Keywords: hybrid fibres, wollastonite, glass fibre, mechanical properties

Introduction

The persistence of plastics in the environment, shortage

of landfill space, concerns over emissions resulting

from incineration, and hazards to human health as well

as hazards to animals, birds, and fish from entrapment

or ingestion of these materials have spurred the efforts

to find more environment friendly alternative materials.

Various organic/natural fillers reduce the quality of

plastic matrix. The hybrid composites reduces pay load

and increase in stiffness is important for certain appli-

cations for example, satellite and space craft systems.

Scientists have explored advantages and disadvantages

of hybrid effects in terms of mechanical properties in

all these systems. Short fibre composites are attractive

structural materials for their relatively ease of process-

ability with respect to resulting flow field and cooling

conditions. A complex microstructure may results in

different fibre orientations at different points of moulded

specimens. Microstructure characteristics can only explain

the mechanical properties of short fibre composites.

The hybridisation with small amounts of mineral fibres

makes these glass fibre composites more suitable for

technical applications.

In a hybrid system various mechanical properties like

stiffness strength and fracture toughness depend on the

characteristics of constituent fibres like fibre length and

fibre volume fraction. When fibre length is smaller than

critical fibre length, fibre pull out takes place but if fibre

length is more than critical fibre length breaking of

fibre occurs thus fracture mechanisms can be identified

with the knowledge of critical fibre length. Epoxy (EP)

resin is one of the most important classes of thermo-

setting polymers which are widely used as matrices for

fibre reinforced composite materials and for structural

adhesives. They are amorphous, highly cross-linked

polymers and these polymers possess various desirable

properties such as high tensile strength, modulus, uncom-

plicated processing and good thermal and chemical

resistance and dimensional stability. However, it also

leads to low toughness and poor crack resistance, which

should be up graded before they can be considered for

many end applications. But when filled with mineral

and glass fillers, the mechanical properties improve to

such an extent of engineering thus enabling them to use
*Author for correspondence;

E-mail: ashokkumarmala7@hotmail.com
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Manufacturing of Kevlar/Polyester Composite by Resin Transfer

Moulding using Conventional and Microwave Heating

 Iram Abdullah
Department of Polymer Engineering, National Textile University, Faisalabad, Pakistan

(received May 20, 2013; revised December 22, 2013; accepted January 07, 2014)
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Abstract: Microwave heating was incorporated into the resin transfer moulding technique.

Polytetrafluoroethylene (PTFE) mould was used to cure the composite panel. Through the use of microwave

heating, the mechanical and physical properties of produced Kevlar fibre/polyester composites were

compared to those manufactured by conventional resin transfer moulding. The flexural modulus and flexural

strength of 6-ply conventionally cured composites was 45% and 9% higher than the flexural modulus and

flexural strength of 6-ply microwaved cured composites, respectively. However, 19% increase in interlaminar

shear strength (ILSS) and 2% increase in compressive strength was observed in 6-ply microwave cured

composites. This enhancement in ILSS and compressive strength is attributed to the better interfacial

bonding of polyester resin with Kevlar fibres in microwaved cured composite, which was also confirmed

via electron microscopy scanning. Furthermore, the microwave cured composite yielded maximum void

contents (3%).

Keywords: microwave curing, resin transfer moulding, polymer matrix composites, mechanical properties

Introduction

Resin transfer moulding (RTM) technique has been

used more than 50 years for the manufacturing of fibre-

reinforced composite materials. Their high strength-to-

weight and stiffness-to weight ratio have led to their

applications and uses in lots of major industries, and

among these automotive and aerospace industry taking

the larger part (Reia da Costa et al., 2012; Mouton

et al., 2010; Harper, 2009; Potter, 1999). However, their

high operational cost involved has restricted their

wider use in industry and considerable efforts have been

made to develope cost effective routes for curing of

RTM composites.

RTM involves injecting a liquid thermosetting resin

into a closed mould containing a dry fibre preform.

Air and excess resin are purged through peripheral

vents. The mould heating system raises the temperature

of the mould body and the heat is transferred to the

resin by conduction, initiating the exothermic reaction.

Completion of the cure sequence is signalled by the

cure at the injection gate. This is direct consequence of

the thermal quench in that region and variation in

chemical �age� across the laminate (Johnson et al.,

1998). Process developments involving zone heated

moulds, phased initiator resin systems and pre-heating

the resin with microwave radiations have been used to

compensate for thermal quench and have provided

significant reductions in the cycle time (Agius et al.,

2013; Johnson et al., 1998). Microwave radiation

generates uniform heat within the material through

conversion of electrostatic energy to thermal energy

rather than heat transfer through conduction and

convection (Thostenson and Chou, 1999). This made

it attractive to be used for curing composites. Several

attempts have been made to use microwave radiation

for the curing of epoxy resin (Varaporn and Kaew, 2005;

Zhou, et al., 2003; Boey and Yap, 2001; Fu and Hawley,

2000; Bai et al., 1995; Wei et al., 1993; Marand et al.,

1992; Majovic and Wijaya, 1990a) and epoxy composites

(Chaowasakoo and Sombatsompop, 2007; Rao et al.,

2006; Varaporn and Dumrong, 2006; Nightingale and

Day, 2002; Yue and Looi, 1995). It offers several

advantages such as rapid, volumetric curing, energy

saving, reduced processing time and improved

processing control (Yusoff et al., 2007; Davies et al.,

2007; Zhou et al., 2003; Ku et al., 2002; Bykov et al.,

2001; Mijovic and Wijaya, 1990b). However, very little

research work is available in which microwave radiation

is used for curing RTM composites and it has not been

fully exploited. Previously microwave radiation has

been used for the curing of carbon/epoxy composite

and it had substantially reduced the cure cycle time,E-mail: i_tayyab@hotmail.com

34



Water Characterisation of Coal Mining Areas of Chakwal,

Punjab, Pakistan

Syed Mahmood Arshada, Syed Muhammad Tariqa, Muhammad Shahzada*,
Muhammad Zubair Abu Bakarb and Muhammad Waqasa

aMining Engineering Department, University of Engineering & Technology Lahore, Pakistan
bGeological Engineering Department, University of Engineering & Technology Lahore, Pakistan

(received July 1, 2013; revised February 7, 2014; accepted February 8, 2014)
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Abstract. Discharged water from mines shows alteration in its physical properties and may be acidic

depending upon the concentration of heavy metals and sulphate ions, which pose hazardous effects on

groundwater and ecosystem. This paper deals with the characterisation of water being affected by coal

mining in the Basharat area of Punjab. Total eleven samples were collected from different water sources

including groundwater, mine outflows, mine inflows and surface water in the vicinity of Hassan Kishor

Coal Mine. All samples except that of groundwater showed higher turbidity, lower pH values and higher

total solid contents. Higher concentration of iron and copper in all samples indicate higher acid mine

drainage (AMD). Relatively larger concentration of calcium in groundwater as compared to its presence

in other samples demonstrates quashing effect of overlying limestone to the AMD.

Keywords: water pollution, groundwater, coal mine, acid mine drainage

Introduction

The rapid growth of population particularly in developing

countries such as Pakistan demands more natural

resources for the fulfillment of needs of human beings.

These large quantities of natural resources are obtained

through increased mining activities and amplified rate

of extraction. The growing mining activities are vigorously

endangering the environment (Monjezi et al., 2009).

Mining adversely affects the environment during all of

its stages even after the completion of mining operation

(Singh et al., 2011; Younger et al., 2002). Its major

negative impacts include changes in hydrology, lithology,

topography, ecology, land-use distribution and visual

degradation, socio-economic statistics and atmosphere

(Singh, 2008). Probably the most severe damage occurs

to the groundwater regime of the area. Generally, water

is contaminated either physically or chemically by taking

up impurities. This contaminated water enteres the water

cycle and causes hazardous effects on living things,

land and atmosphere. Extent of water contamination is

primarily dependent upon composition of ore deposits

and its surrounding geology, structural features of the

area, hydrology and climate of the mining region (Dold

and Fontbote, 2001).

Coal mining adversely affects the hydrology of the area.

Acid generation through oxidation of sulphur-bearing

minerals such as pyrite in coal mines is one of the major

causes of water contamination (Tiwary, 2000). The amount

of acidity produced from a coal mine mostly depends

on the sulphide contents, age of the deposit, alkalinity

producing minerals and waste volumes (Gomes et al.,

2011). Manganese, iron and aluminium are found to be

the major elements, which constitute acidity in coal mine

drainages (Skousen et al., 1998). Normally sulphide

minerals react with oxygen and water to produce sulphuric

acid and iron sulphide or iron hydroxide. Reaction of

pyrite with oxygen and water is discussed by many

researchers (Banks et al., 1997; Zaihua et al., 1991;

Powell, 1988). The reduced pH values cause further

dissolution of various minerals and toxic metals into

water (Tiwary, 2000). Lead, arsenic and nickel are

frequently found toxic metals in coal mine drainages

(Younger and Sapsford, 2004).

The aquatic life is adversely affected by the acid-genera-

tion. Not only the lower pH values harm organisms but

release of heavy metals into water severely damages

the aquatic biota, wild life and land fertility for vegetation

(Tiwary, 2000). Besides, acid mine drainage in appro-

priate physical conditions like temperature and turbidity

of water play significant role in limiting the growth of

living things (Kumar and Kakrani, 2000). This study

aims to physically and chemically characterise water

samples collected from different sources in and around

coal mines in Basharat area, Punjab. These samples*Author for correspondence; E-mail: m.shahzad87@uet.edu.pk
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Abstract. Jatropha tanjorensis leaves were collected, air dried and pulverised. The pulverised sample was

extracted with solvents (n-hexane, ethylacetate and ethanol) of varying polarity to obtain the crude extracts.

Repeated column and thin layer chromatographic separation of the crude extracts afforded two compounds

which were characterised by their IR, MS, 1H and 13C-NMR spectral data. Comparison of the data with

literature confirmed the compounds to be taraxerol and taraxer-14-en-3-one.

Keywords: Jatropha tanjorensis, taraxerol, taraxer-14-en-3-one, chromatography

Introduction

Jatropha tanjorensis is a plant in the Euphorbiaceae

family. It is a perennial herb which is a hybrid specie

with phenotypic character between Jatropha curcas

and Jatropha gossypifolia (Prabakan and Sujatha,

1999). The plant is widely cultivated in Nigeria primarily

for fencing, as a source of leafy vegetable and for

medicinal purpose (Oboh and Masodje, 2009; O�Hara

et al., 1998).

The leaf extract of the plant is employed traditionally

in the treatment of anaemia, diabetes and cardiovascular

diseases (Iwalewa et al., 2005; Olayiwola et al., 2004).

Studies have been carried out to validate these claims of

the traditional uses. The leaf extract has been shown to

have hypoglycaemic properties (Olayiwola et al., 2004).

The antioxidant potential of the plant leaf has also been

a subject of several studies (Atansuyi et al., 2012;

Omobuwajo et al., 2011; Omoregie and Osagie, 2011)

and all these studies confirmed the antioxidant properties

of this plant. Toxicity studies have also been carried out

on the leaf extract of J. tanjorensis with animal models,

to ascertain its safety while, some of the studies suggest

that it may not be safe (Oyewole et al., 2012; Ogoruvwe

and Kori-Siakpere, 2012; Igbinaduwa et al., 2011;

Akhigbe et al., 2009). Others suggested, it is safe for

human consumption (Omobuwajo et al., 2011; Orhue

et al., 2008).

The antimicrobial potential of this plant has also been

evaluated in several studies (Arun et al., 2012; Viswanathan

et al., 2012; Sekaran, 1998) and the results showed

excellent broad spectrum antimicrobial activity against

the tested organisms.

Phytochemical analysis of the leaf extract revealed the

presence of saponins, cardiac glycosides, flavonoids,

terpenoids and tannins (Oyewole and Akingbala, 2011).

However, except for the recent work of Viswanathan

et al. (2012) who reported the isolation of friedelin,

b-amyrin, stigmasterol and R(+)-4-hydroxyl-2-pyrroli-

dinone from the leaf extract of J. tanjorensis, there has

been no other report in the literature on isolation and

characterisation of the phytochemical constituents of

this plant. Hence, this study was taken for isolation and

characterisation of two terpenoid compounds, taraxerol

and taraxer-14-en-3-one, from this plant.

Materials and Methods

Plant material. Fresh leaves of J. tanjorensis were

collected in the month of April 2012 from Ladoke

Akintola University of Technology (LAUTECH.),

Ogbomoso, Nigeria. Identification was done in the

Department of Pure and Applied Biology, LAUTECH.

Harvesting was done with hands properly protected

with glove to avoid contact with the milky sap of the

plant which causes irritation and itching on contact

with the skin.*Author for correspondence; E-mail: oluoladoye@yahoo.co.uk
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Introduction

Air pollution has become a serious environmental issue,

mainly due to the presence of toxic trace metals in the

atmosphere as a consequence of rapid industrialisation and

increased transportation during recent years. Pollution of

soils by trace metals is a serious environmental issue. Deter-

mination of the trace metal contents of various environmental

materials such as soil, natural water, plants, dust etc., have

been performed by various researchers (Malakotian et al.,

2009; Vinodhini and Narayanan, 2009; Kalantari and

Ghaffari, 2008;  Karabassi et al., 2008; Itoh et al., 2006;

Krolak, 2000; Soylak et al., 2000).

Trace metals have been added into urban soils through

urban waste, chemical industries (Chaoyang et al., 2009)

and most importantly through the vehicular emission

(Xia et al., 2011). The urban road side soil has been

recognised as an important repository of trace metals.

Environmental measurements revealed the higher concen-

trations of metals in road side soil near the petrol filling

stations, and most of the signs could be attributed due to

petrol fumes (Das et al., 1991). Lead, copper, manganese

and zinc are the major metal pollutants of the roadside

environment and are released during different operations

of the road transport such as combustion, component wear,

fluid leakage and corrosion of the metals. Lead is one of

the most important trace metals in Pakistani environment

because of the extensive use of lead tetraethyl as gasoline

additive, since early years of the 20th century until 2005,

when this compound was prohibited and the unleaded

petroleum introduced. According to Fernandez and Ramirez

(2002), the concentration of lead in solid particles from

roads of the city of Caracase ranged between 5.500 to

13.000 µg/g, respectively. Carrasquero (2006) reported

the levels of lead from 2.000 to 4.000 µg/g in urban soils

near the most transited streets and avenues.

Majority of the trace metals are toxic to the living organisms,

and can impair important biochemical processes posing

a threat to human health, plant growth and animal life

(Silva et al., 2005; Jarup, 2003; Michlake, 2003).

Zinc is a trace element that is essential for human health.

When people absorb too little quantity of zinc they can

experience a loss of appetite, decreased sense of taste and

smell, slow wound healing and skin sores. Zinc-shortage

can even cause birth defects. Although humans can handle

proportionally large concentrations of zinc, too much zinc

can still cause eminent health problems, such as stomach

cramps, skin irritations, vomiting, nausea and anemia.

Very high levels of zinc can damage the pancreas and

disturb the protein metabolism, and cause arteriosclerosis.

Extensive exposure to zinc can cause respiratory disorders.*Author for correspondence; E-mail: drhpak@yahoo.com

Abstract. The wide use of petroleum products causes contamination of air, water, soil and plants. The

present study was conducted to monitor the trace metal deposition in road side soil around the petrol filling

stations along the busy roads of Karachi, Pakistan. Total 21 road side soil samples were collected from

selected locations of busy roads. The soil samples were digested using acid digestion method and atomic

absorption spectrophotometer (AAS) was used for the elemental analysis. Results of the study showed that

concentration of lead was highest in the soil samples ranging from 41.3 to 361 mg/kg, then copper from

23.0 to 101 mg/kg, manganese from 36.2 to 125.0 mg/kg and zinc from 27.5 to 213.0 mg/kg, respectively.

The correlation-coefficient (r) was also calculated between the metals in soil samples. The correlation

matrix showed that all the pollution is coming from the same source. The gravitational sedimentation and

impact on vegetation of coarse fraction is responsible for the high lead contamination of vegetation and

soils. Collected data showed that, almost all the pollution being generated by automobile exhaust in urban

areas of Karachi. The soil acts as an important sink for pollutants released through different activities.

Keywords: petrol filling stations, trace metals, soil, vehicular traffic, acid digestion
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