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ABSTRACT 
A study was carried out to estimate metal pollution lead and cadmium (Pb2+ and Cd2+) 

emitting from automobiles and selection of suitable metal indicators which reflect the 

pollution level in the atmosphere. Two roads i.e. Motorway (M-3) and National Highway (N-

5) were selected for the purpose of study. The dust and plant samples were collected and Pb2+ 

and Cd2+ contents were recorded at five selected sites of M-3 and N-5. The dust and plant 

samples 50 m away from both roads were kept as reference control while soil control were 

taken 15 m away due to irrigated field started and analyzed for Pb2+ and Cd2+ profile.  The 

maximum Pb2+ concentration (conc.) i.e. 0.00075 mg g-1 was observed in dust samples of 

Hojan Town and minimum conc. (0.00016 mg g-1) was recorded in Kamalpur Sargodha road. 

The data collected from N-5 showed maximum Pb2+ conc. (0.000244 mg g-1) at ZIS-textiles 

and minimum Pb2+ conc. (0.00042 mg g-1) for roadside side dust samples. The maximum 

Pb2+ conc. (0.00044 mg g-1) was found in roadside soil of Hojan town than that of control 

(0.00018 mg g-1) at M-3 while the high Pb2+ value (0.0032 mg g-1) for  roadside soil samples 

of  Sitara valley was followed by conc. (0.00021 mg g-1) recorded for Chak. No. 60 

Saudagarpur to their respective controls at N-5. All the gas exchange attributes like 

photosynthetic and transpiration rate, stomatal conductance (gs), internal Carbon dioxide 

concentration (Ci), water use efficiency (WUE) of roadside plants on both roads decreased 

for plants which were growing away from the roadside. A decrease was also estimated in 

total soluble sugars, total free amino acids and total soluble proteins in all the under study 

plants on both roads. The Pb2+ conc. was high in smoke samples of bus and coach at Pindi 

Bhattian Interchange on M-3 and same conc. was noted at Gutwala interchange at N-5. The 

C. procera accumulated more Pb2+ (0.0024 mg g-1) in their unwashed leaves while 0.00017 

mg g-1 was found in washed leaves however low Pb2+ conc. was noticed in P. robelenii at M-

3 while at N-5, N. oleander accumulated more Pb2+ i.e. 0.00186 mg g-1 in their leaves while 

less accumulation of Pb2+ (0.0012 mg g-1) was noticed in unwashed leaves of P. 

hysterophorus. The high Cd2+ contents (0.000024 mg g-1) were found in unwashed leaves of 

C. ciliaris and low conc. (0.000016 mg g-1) was recorded in C. procera at M-3 while high 

deposition of Cd2+ i.e. 0.00007 mg g-1 was noticed in P. hysterophorus and low Cd2+ traces 

(0.00002 mg g-1) was measured in unwashed leaves of C. ciliaris at N-5.
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CHAPTER 1 

INTRODUCTION 

  Environmental pollution has become a global issue. It is an undesirable change in 

the environment which causes hazardous effects on biota. The main causes of 

environmental pollution include rapid increase in human population, industrialization and 

extensive use of automobiles (Meagher, 2000; Agrawal et al., 2006). Hence the entire 

world community seems much concerned to combat the problem of environmental 

pollution which has become a serious health hazard for the entire earth biota (Rajput and 

Agrawal, 2004). 

In developing countries heavy metal pollution is a major threat (Qadir et al., 1998) 

Quality of water supply is seriously affected by the discharge of heavy metals into our 

water channels. Many of the chronic diseases are increasing due to non-degradability of 

numerous metals like chromium (Cr2+), copper (Cu2+), lead (Pb2+), nickel (Ni2+) and 

cadmium (Cd2+) (Boominathan et al., 2004). 

Industrial effluents and sewage water discharged by municipalities in all the major 

cities of Pakistan are being used for irrigation purpose in the periphery of urban areas 

where cultivation of vegetables is a common practice. As a result a number of heavy metals 

like Cd2+, Cr2+, Zn2+ and Pb2+ are constantly being added into the soil. The use of polluted 

compost, slush, pesticides, burning of fossil fuels by automobiles and furnaces also emits 

several metals which interfere with the physical and chemical properties of soil water and 

air (Kennish, 1992; Gaedi et al., 2008; Soylak et al., 2000; Gaur and Adholey, 2004). 

Plants being primary producers and sole contributors in the food web seem under 

constant threat by the unpredictable climate changes and increased level of atmospheric 

pollution. The metals emitted by already mentioned sources when taken up by plants they 

not only alter their physio-chemical properties but by entering into the food chain they 

indirectly affect human and animal health (Papafilippaki et al., 2008; Golia et al.,  2008; 

Bruin, 1990).   
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Automobile particularly contribute towards rise in atmospheric pollution and add 

toxic and carcinogenic pollutants into the atmosphere. A decade earlier, gasoline and 

tetraethyl lead (TEL) were the major contributors of air pollution. In developed countries 

the level of pollution caused by automobiles is decreasing due to the shift towards safe 

fuels (CNG). However the use of leaded petrol in Pakistan still continues at greater rates 

(Pakistan Standard 1430, 1991). 

Pakistan’s population currently exceeds 140 million whereas the vehicular density 

is 4.3 million. Faisalabad is the 3rd largest city with 2.6 million population. According to 

the data obtained from National Transport Research Cell, the major cities of Pakistan like 

Karachi has 0.7 million, Lahore 0.562 million, Peshawar has 160,000, Quetta 70,000, 

Hyderabad 100,000 and Multan has 175,000 and Rawalpindi 125,000 registered vehicles 

and 600 medium sized industries (Qadir, 2005).  

(http:www.fairfaxcountry.gov/nvswed/newsletter/heavymetal.htm) dated 11/12/2011). 

Common metals released by automobiles 

Pb2+ Leaded  gasoline, wearing of tires, bearing wear 

Zn2+ Motor oil, brake emission, corrosion of galvanized parts 

Fe3+ Auto body corrosion, parts of engine 

Cu2+ Bearing wear, engine parts, brake emission 

Cd2+ Wearing of tires, burning of fuel, batteries 

Cr3+ Air conditioning coolants, engine parts, brake emission 

Ni2+ Diesel fuel and gasoline, lubricating oil 

Al3+ Auto body  rust 

 

Among the metals released by automobiles industry more emphasis has been paid to 

Pb2+ and Cd2+ because in Pakistan tetraethyl lead is still being used as an anti-knocking 

agent in petrol. Lead is released from sedimentation, factories, Pb2+ coated paints, 

fertilizers and gasoline additives (Eick et al., 1999). Lead and Cd2+ are also emitted from 
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leaded fuel (Fernandez and Rodriguez, 2004) and wearing of tires (Chronopoulos et al., 

1997; Moller et al., 2005; Aksoy and Demerizen, 2006). Hence road transport and energy 

sector causes more urban airborne pollution than any other single human activity (Qadir, 

2005). 

The high content of Pb2+ in petrol has remained a serious issue in the past. The Pb2+ 

level in various cities of Pakistan is as follows: in Karachi is 13-0.24, Peshawar 0.21-0.79 

and Lahore 0.15-8.36 ug m-3. High traffic density areas contain more Pb2+ content as 

compared to that of industrial areas (El-Hasan et al., 2002). After its emission from motor 

vehicles it causes anemic effect in animals and oxidative stress to plants. 

Lead emission is approximately 21% in the form of particles by automobile vehicles 

(Seaward and Richardson, 1990). The burning of fossil fuel and Pb2+ used in the petrol as 

an anti-knocking agent in motor vehicles, are the major contributing factor for the 

generation of Pb2+ pollution (Arzu- Cicek, 2010). The amount of Pb2+ varies widely in 

gasoline. The Pb2+ in gasoline ranged from 0.02-0.84 g L-1 in U.S.A and Africa which is 

very high causing air pollution (www.leaded-gasoline.africa.com).  

The other countries use unleaded gasoline i.e. 0.15 g L-1 while Pakistan use 0.42 to 

0.35 g L-1 hence contaminate the environment by releasing various secondary air pollutants 

like trace metals, gases, hazardous smoke and haze which ultimately affect the flora and 

fauna residing in a particular ecosystem. It also damages the nervous system and causes 

brain disorders. Excessive Pb2+ also causes blood disorders in mammals. Like other 

element mercury Hg2+ and Pb2+ is a potent neurotoxin that accumulates in soft tissues and 

the bones. Exposure to high conc. of Pb2+ results in damaging brain and kidney in children, 

sometime causes anemia (www.wikipedia.com dated 04.06.2010). It also causes infertility, 

miscarriage, hypertension and cardiovascular diseases of human beings (Goyer, 1996; Ghai 

et al., 2003). 

  Lead is an immobile element that shows complex interaction with organic matter 

in soil, sorbed with the oxides and forms precipitates of carbonates or phosphates 

(McBride, 1994). It is non-essential for plant metabolism but frequently found in plants 

(Kabata-Pendias and Pendias, 1992). Lead concentration in blood ranges from 11 to 33 ug 

dL-1.  
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Another metal cadmium (Cd2+) also affects the physiological processes especially 

on photosynthesis and plant water relations (Hassan et al., 2009). The national standard for 

Cd2+ ranges from 0.03 to 0.01mg L-1 and 0.003 mg L-1 is devised by the World Health 

Organization and Environmental Protection Agency (EPA, 1997). Cd2+ in water and soil is 

taken up by the plants through roots and leaves. Its accumulation interferes with the 

function of kidneys. Its lingering intake causes severe damage to the digestive tract 

(Smirjakov et al., 2005). 

Many phyto-remediation methods are in practice to minimize the metal pollution. 

Use of biological approach is a compromising tool to assess the metal pollution (Martin 

and Bardos, 1996; Baker et al., 1991, 1994 ; Kumar et al., 1995; Pulford and Watson., 

2003; Lasat et al., 2000 ).  

Biomonitoring of metal pollution has proved a useful biological marker for 

detecting its  level in the environment (Ramadan, 2003) using a variety of plants including 

Amarantus viridus (Atayese et al., 2009) and Sam weed in traffic and solid waste polluted 

areas (Agunbiade and Fawale, 2009). During such studies Aesculus hippocastanum L. 

(Smerhovsky, 2001), wheat (Lone et al., 2006), Dalbergia sissoo Roxb., Prosopis juliflora 

L.  Eucalyptus spp (Naveed et al., 2010), have been used for Pb2+ and Cd2+ monitoring and 

as indicators for traffic related pollution. Hence proper selection of biomonitors may 

indicate the presence and contamination level of metal pollution in the environment 

(Wittig, 1993; Wolterbeek, 2002). 

Rationale of study 

 Faisalabad is an industrial city where industrial wastes and heavy traffic load on 

roads are causing severe environmental pollution. Automobile activities particularly add a 

number of toxic metals into the atmosphere within its urban areas. On its periphery the city 

is linked with Lahore, Rawalpindi and Sheikhupura Districts through metallic roads. It is 

linked with Lahore and Islamabad through M-3 Motorway via Pindi Bhattian as well 

(Faisalabad regional profile from www.wikipedia.com).   

The Motorway (M-3) was constructed in 1999 to overcome the heavy traffic load 

from the National Highway (N-5). The traffic density on National Highway (N-5) is much 

higher as compared to M-3. The plantation of both roads is affected by the smoke emitting 
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from automobiles and releasing a number of toxic metals. However during this study more 

attention was paid to Pb2+ and Cd2+being major metals emitted by automobiles.  

The natural and cultivated plants on roadsides are directly exposed to automobile smoke 

containing toxic metals which affect the plant, animal and human health. A worldwide 

research has been done on this aspect but M-3 and N-5 of Pakistan yet remain uncovered. 

The status of metal pollution in Faisalabad and its connecting roads still remains unknown 

despite the N-5 and M-3 have diverse natural as well as planted vegetation. The natural 

vegetation includes Calotropis procera (Ak), Cenchrus ciliaris (Anjan grass), Sesuvium 

portulacastrum, Vachellia nilotica (Babul Kikar), Amaranthus viridus (Chulai), Datura 

alba (Datura) and Parthenium hysterophorus as very common species along the roadsides 

while Nerium oleander  (Kaner) has been planted in the central green belt of  N-5. The 

purpose of the present study was to check the status of pollution at five sites at M-3 and N-

5. The soil, plant and dust samples were analyzed to assess the concentration of heavy 

metals being absorbed by the vegetation from vehicular smoke. Hence the main objectives 

of this study were as follows:   

a) To estimate the level of heavy metal pollution (Pb2+ and Cd2+) along the roadside. 

b) Determination of heavy metal concentrations in dust, soil, smoke and vegetation along 

the roadsides. 

c) Exploration of suitable bio-monitors indicating the metal pollution level on both 

roadsides.  
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CHAPTER 2 
 

REVIEW OF LITERATURE 

A lot of research work has been conducted on metal pollution relating to emission 

of pollutants from automobiles. The relevant literature with relation to metal pollution and 

biomonitoring of metal pollution has been reviewed here. 

2.1 Automobiles: A source of metal pollution 

  Petrol and diesel exhaust adds carbon pollutants as well as metals in the atmosphere 

(Chhabra et al., 2001). Although both lead (Pb2+) and cadmium (Cd2+) are released from 

automobiles fuel but quantity of Pb2+ may be quite high in the exhaust of vehicles (Sami et 

al., 2006). The Pb2+ emitted from automobile exhaust at some sites has been reported 80 

mg per kilometer (Smith, 1981). 

The release of Pb2+ from gasoline has been a burning issue for community health 

and it attained worldwide importance because even low Pb2+ level can stimulate the 

nervous system disorders and can cause cancer in humans (Faiz et al., 1992; Moulin et al., 

2006). The elevated levels of Pb2+ and Cd2+ in urban areas are mainly attributed to 

automobile exhaust, particularly from leaded gasoline, motor vehicle tyres, and lubricant 

oils. Recently it was claimed that Pb2+ in urban areas could be over 1000 ppm, whereas the  

tolerable intake of ingested Pb2+ for adults is 3000 μg per week, which is equivalent to an 

average daily uptake of 43 μg in adults and 130 μg for children (www.wikipedia.com). 

Heavy metals particulary Pb2+  and Cd2+ get deposited on plants and added into the 

environment in proportion with traffic density along the roadside because most of the 

people use leaded petrol (Sawidis et al., 2002). Comparative study on metal pollution has 

pointed out various aspects of metabolic processes and phenomena which are in process in 

plants and indirectly affect the healthy life of individuals in an ecosystem. A study was 

carried out in regard to heavy metal conc. on Taraxacum officinale in polluted area where 

Pb2+ was 0.00195 and 0.00496 mg g-1 in leaves (Hussain and Khan, 2010). 
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2.2 Metal concentration in dust 

 Runoff of heavy metals from roadside causes adverse effect on all natural systems 

(Casteel, 2001). Jafary and Faridi (2006) collected dust from different highly dense traffic 

roadside which had very high concentration of heavy metals as compared to low traffic 

density areas. Hashmi et al. (2006) examined heavy metal conc. in dust deposited on 

roadside trees in Karachi, Pakistan. The concentration of Pb2+ and Cd2+ was 0.014-2.54 and 

0.002-0.027 mg g-1 while other metals like Zinc and nickel had 0.472-7.173 and 0.014-

0.265 mg g-1 respectively. 

The uptake of Pb2+ by plants depends on soil pH, particle size and cation exchange 

capacity. It usually retards plant growth by inhibiting photosynthesis, nutritional imbalance 

and hormonal changes. Lead can block the COOH group of proteins and play a key role in 

enzyme inhibition and mercaptide with amino acids and phosphate groups by displacing 

the metallic ions (Sharma and Dubey, 2005).  

2.3 Metal contents in soil 

According to findings of Atayese et al. (2009) Pb2+ and Cd2+ conc. in soil was 0.047 

to 0.151 mg g-1 and 0.003 to 0.00133 mg g-1 and in leaves of Amaranthus viridus the conc. 

was 0.068 to 0.152 mg g-1 and 0.05 to 0.0049 mg g-1 (dry weight) respectively. He also 

reported that values of Pb2+ and Cd2+ decreased with increasing distance along the 

roadside. These outcomes indicated that metal levels remained in permissive limits as 

devised by Kabata-Pendias (1984). A study conducted in Korea showed that roadside soil 

had heavy metals e.g Pb2+, Cd2+, Zn2+ and Cu2+ was in very high conc. as compared to area 

away from the roadside. The conc. of Cd2+ and Pb2+ was 0.00119 mg g-1 and 0.3525 mg g-1 

in topsoil along the highway while the Pb2+ conc. in roadside was further 0.061 to 0.429 mg 

g-1 (Pirzada et al., 2009). Another study conducted in India showed that in Agra motor 

vehicles emit Pb2+ and Cd2+ which ultimately enters into the soil and vegetables along the 

highway through wearing of tyres. Rodriguez- Flores and Rodriguez-Castellon (1982) also 

reported that Cd2+ and Pb2+ levels in soil and vegetables decreased with increasing distance 

from the road. Cluster analysis and Canonical Correspondence analysis of heavy metals 

conc. in soil of Dir District depicted that Cd2+ conc. in soil samples was 0.111 mg g-1  were 
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taken as control  and 0.157 mg g-1   in polluted soil  samples. Lead conc. in polluted areas 

ranged from 2.006 to 5.68 mg g-1 respectively (Akbar et al., 2010). 

Al-Shayeb et al. (1994) checked the difference between washed and unwashed 

leaves of date palm (Phoenix dactylifera L.) for the detection of heavy metals (Pb2+, Zn2+, 

Cu2+, Ni2+, Cr2+ and Li2+). They found that Pb2+ and Zn2+ concentration was more 

prominent as compared to other metals. The low bioavailable conc. of the studied metals 

may be due to basic soil pH and high content of free calcium carbonate (CaCO3). The 

relative availability of Pb2+ was about four times higher than Cd2+. The highest total and 

bioavailable concentrations of Pb2+ and Cd2+ were found in the centre of the city (Agora 

square, Spain) mainly due to heavy traffic load (Papafilipaki, 2008). The permissive limits 

of Cd2+ and Pb2+ for irrigation water in Pakistan have been reported 10 µ g L-1 and 5000 ug 

L-1 respectively (Kahlown et al., 2006). 

  Ahmed and Erum, (2010) worked out soil organic matter and heavy metals on M-2, 

Pakistan. They reported that the percentage of organic matter was 0.60 % and metal 

contents such as Pb2+, Cd2+ and (K+) were 0.0527, 0.00048 and 0.0129 mg g-1. Shakya et 

al. (2006) analyzed the Pb2+ and Cd2+ in scrap tires, the conc. ranged from 960-45800 and 

0.00002- 0.0271 mg g-1 respectively. The similar trend was reported by Tripathi et al., 

(2003). 

The conc. in heavy traffic was significantly higher than those of heavy metals in 

soil away from roadside (Atayase et al., 2009). The roadside soil Pb2+ level ranged from a 

very low conc. of 0.00159 mg g-1 at low traffic density to a high conc. of 0.0121 mg g-1 at 

high traffic density (Abechi et al., 2010). The Pb2+ conc. raised upto 0.001-1.5 mg g-1 2009 

to 2011 (Colbeck et al., 2009). 

Latif et al. (2008) documented that contamination level of metals in different water 

regimes, soil and vegetable crops in Rawalpindi District. Akbar et al. (2006) analyzed the 

Pb2+ and Cd2+ conc. in roadside soils of North England. The conc. of Pb2+ ranged from 

0.0038 to 1.198 mg g-1 and Cd2+ varied from 0.0003 to 3800 mg g-1. The lowest conc. of 

Cd2+ was found in roadside soil where Pb2+ was found maximum in conc. Most of the plant 

species accumulated high amounts 0.11 mg g-1 of Pb2+ in Coimbatore areas and maximum 

value 0.01412 mg g- 1 was recorded for soil at MTP road. (Gosh et al., 2008). 
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The Pb2+ and Cd2+ contents in Indian soils were 0.175-0.28 mg g-1 and 0.00012-

0.00022 mg g-1 respectively (Gangwar, 2010). The reported conc. of Pb2+ and Cd2+ 

0.00011- 0.00021 and 0.00265- 0.00303 mg g-1 in Koarangi area of Karachi (Saif et al., 

2005). The deposition of Pb2+ at road edge was 0.044 mg g-1 which decreased to 0.016 mg 

g-1 away from the highways of India (Singh et al., 1999). 

2.4. Effect of roadside metal pollution on plants 

Environmental pollution mostly air pollution alters the physiological and 

biochemical pathways of plants by limiting their productivity (Woo et al., 2007). Metal 

released from the exhaust of motor vehicles get highly deposited on plants as compared to 

other metals (Al-Khalafat and Al-Kashman, 2007; Celik, 2005). The vehicle exhaust 

pollution showed marked changes in photosynthetic pigments, protein and cysteine 

contents, leaf area and foliar surface architecture hence plants can be used as biomarkers 

for automobile pollution (Verma et al., 2006). Lead can be absorbed by roots, stem, leaves 

and seeds. The photosynthesis was also inhibited by metal exposure (Singh et al., 1999). 

Sharma et al. (2010) reported high accumulations of metals observed in vegetation 

and soil samples of highways as compared to away from the roads. The Pb2+ conc. in soil 

and vegetables collected from 50,100 and 1000 m distance decreased with distance from 

road, reflecting their relation to traffic emissions. The Cd2+ conc. was independent of  this 

factor (Naser et al., 2012). 

The Eucalyptus calmadulensis exposed to air pollution showed higher chlorophyll 

contents, soluble sugars and proline contents in polluted plants as compared to control 

(Seyyednejad and Koochak, 2011). Mir et al. (2008) studied the total chlorophyll and 

protein were analyzed in leaves samples of Alstonia scholaris and Nerium odorum, which 

were subjected under vehicular pollution. Metals like arsenic also reduced the 

photosynthetic activity in plants (Miteva and Merakchiyska, 2002). 

Plants can absorb Pb2+ from the surroundings and accumulate it in roots, stems, 

leaves, root nodules and seeds which increase with increase in the exogenous Pb2+ level. 

The low conc. of heavy metals prove to be beneficial for plant growth but at higher conc. 

they cause inhibition of metabolic processes in various plant species (Claire et al., 1991). 

Lead affects photosynthesis and to some extent respiration may be affected, the response 
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vary from plant to plant (Sing et al., 1999). Lead also inhibits nitrogen fixation and 

ammonium assimilation in the root nodules. Other responses of plants toward Pb2+ and 

Cd2+ pollution depend on various endogenous, environmental and nutritional factors.  

2.5 Biomonitoring of Metal Pollution 

  Plants have an important tool for the biomonitoring of metal pollution. Lichens 

were considered to be good biomarkers during the past decades. They can easily obtain 

minerals from aerial resources (Prussia and Killingbeck, 1991). 

Currently washed and unwashed leaves of roadside vegetation are being extensively 

studied and has been used for detection of metal deposition. There is high accumulation of 

Pb2+ detected in the leaves of some species like Dalbergia sisso (Pirzada et al., 2009). 

The pine tree was used as bioindicator for metal pollution at highway and industrial 

areas. The highest metal concentrations were found in the heavy traffic area and lowest at 

control site. However, highway sites contained high concentrations, industrial and control 

areas were 0.0398, 0.0623, 0.0426 and 0.0141 mg g-1 respectively (Kord et al., 2010). 

Bu-Olayan and Thomas (2002) used Leucaena leucocephala, Euphorbia hirta and 

Leucine indica as pollution indicator. Lead deposition along the roadsides plants was 

relatively higher due to use of petrol in automobiles. During another study Prosopis 

juliflora L. proved a good indicator of Pb2+ and Cd2+ pollution (Bounessah and Al-Shayeb, 

2005). 

The highest Pb2+ conc. (0.01841 mg g-1) was reported in unwashed leaves of  

Fraxinus excelsior growing on roadside as compared to rural site which was 46% of total 

estimated metals while Cd2+ values in urban and rural sites were 0.00039 and 0.00202 mg 

g-1 respectively (Aksoy and Demirezen., 2006). 

The literature showed that previously studied some plant species show positive 

response towards metal pollution some proved sensitive  while others were regarded as 

metal lovers as they accumulated metals so they were marked as ecological indicators, such 

as Alistonia scholaris and Pongamia pinnata when subjected to roadside pollution the 

former proved more tolerant (Shafiq et al., 2003). Lead concentration showed however 

negatively correlated with increasing distance on highway (Jaffer et al., 1999). 
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Aksoy and Demirezen, (2006) attributed Pb2+ conc. in urban areas to high traffic 

rate which was significantly higher than that of  rural sites i.e. 0.00802 mg g-1. They 

depicted Fraxinus excelsior as a good ecological indictor of heavy metal contamination. 

 

2.6 Correlation between traffic density and metals 

  The leaves of Calotopis procera accumulated more Pb2+ and Cd2+ at industrial sites 

respectively and strong correlation was found between metal conc. and degree of 

contamination (D’Souza et al., 2010). The average Pb2+ conc. in Dalbergia sisso leaves 

was 2.410 mg g-1. Leaves of Cannabis sativa had more Pb2+ as compared to Dalbergia 

sisso (Pirzada et al., 2009). He also found positive correlation between traffic density and 

Pb2+ accumulation in Populus leaves while negative association was found between traffic 

density and Cd2+ in the bark of Populus x canadensis Moench (Celik et al., 2010).  

Mmolawa et al. (2011) calculated the pollution load indices for heavy metal 

assessment on roadside in Botswana. The multivariate analysis depicted a mixed origin of 

metal pollution whereas major pollutants such as Pb2+ and Ni2+ were emitting due to 

vehicular emission. Parekh et al. 2001 documented that Pb2+ conc. in air depends on traffic 

density and the proportion of Pb2+ additives in commonly used gasoline and other fuels. 

2.7 Metals in petrol samples  

Parekh et al. (2002) examined Pb2+ contents in petrol used in Pakistan. The Pb2+ 

conc. in petrol was 0.000335 to 0.000390 mg L−1 whereas the diesel fuel contained Pb2+ 

content as much as 0.0000017 mg L-1 which was lower than petrol. The regular petrol of 

Pakistan State Oil (P.S.O), Shell and Caltex comprised of 335, 390 and 364 mg L-1 whereas 

Supreme (unleaded) from Shell and Caltex Ltd., have 115 and 328 mg L-1   of Pb2+ 

respectively (www.dawnnews.com). 

  It is well known that Faisalabad, as third major city of Pakistan after Karachi and 

Lahore has high industrial units and heavy traffic but a lot of research work has been 

conducted to study heavy metal pollution on its connecting roads caused by automobiles. 

This automobile related metal pollution may cause serious health hazards to an alarming 

extent. It is dire need of the day to study the increasing pollution level and its venomous 
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effects on biota. Keeping in view of prevailing issue of pollution a study was planned for 

biomonitoring of metal pollution, principally focused on Pb2+ and Cd2+ emission related to 

automobiles at M-3 and N-5. 
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CHAPTER 3 

MATERIALS AND METHODS 
 

 

Extensive use of fossil fuels in automobiles release some toxic gases and metals 

into the atmosphere which adversely influences the whole biota. Hence it was felt a dire 

need of the time to check the metals i. e. lead (Pb2+) and cadmium (Cd2+) pollution caused 

by automobile along two major roads of the Punjab, Pakistan i.e. Motorway (M-3) and 

National Highway (N-5). 

 

3.1 Sampling Sites 

  On both roads following five sites were selected: 

 

List of selected sites 

Sr. No. Motorway (M-3) National Highway (N-5) 

1. Kamalpur,  Sargodha road Sitara valley 

2. M. C. Drain ZIS Textiles 

3. 
Nahar  Barnala, Jhang, 

Branch 
Chak No. 60 Saudagarpur 

4. Hojan Town Balipur  Bhara, Panwan stop 

5. Pindi Bhattian Interchange Bhikkii 
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Faisalabad Toll-Plaza (M-3) Pindi Bhattian Interchange (M-3)

 

Central green belt (M-3) Cenchrus ciliaris 

  

Sesuvium portulacastrum Calotropis procera 

Overview of  plant species at M-3
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Khurrianwala (N-5) Industrial Units (N-5) 

 

Selected sites at  N-5 Nerium oleander (N-5) 

 

Overview of plant species at N-5
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Overview of traffic density Khurrianwala N-5 

Traffic density at Khurrianwala N-5

Overview of traffic density at  Faisalabad linking roads 
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3.2 Collection of samples 

  The triplicate samples of dust and plants were collected from each selected site 

from both roads. The samples collected at a distance of 50 m away from roadsides were 

designated as control (Akbar et al., 2006 and Hua et al., 2009). The traffic density 

(Amusan et al., 2003 and Zhang et al., 2012) and smoke samples were recorded for all sites 

of each road. Nevertheless the samples of petrol and diesel were collected from local 

distributors in Faisalabad for chemical analysis.   

 

3.3 Collection of dust samples 

The dust samples were trapped in polystyrene foam kept in Petri plates which were 

placed on the both sides of roads at selected sites for two months. The dust samples, three 

from each site were digested by the method of Florence and Batley (1977). The digested 

samples were analyzed by Atomic Absorption Spectrophotometer (AAnalyst 300 

PerkinElmer Germany).   

 

3.4 Collection of soil samples  

Five soil samples were collected from each site and tested for pH and soil organic 

matter determination. These samples were taken 10-15 cores or slices from all sites on both 

roads with the help of an auger which was 15 cm in depth and 6 cm in diameter using the 

procedure of American Society for testing and materials for soil sampling devised in 1995 

and same sampling was done from 15m away from roads following the method of Atayese 

et al., 2009. The Pb2+ and Cd2+ conc. in soil samples was measured through Atomic 

Absorption Spectrophotometer.  

 

3.4.1 Soil pH 

The pH of the soil was measured with the help of pH meter by following the method of 

McKeague (1978).  

 

3.4.2 Soil Organic Matter (%) 

Soil organic matter was determined by the method of Walkley (1934) and following 

reagents were used for the determination of organic matter. 
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1. I N Potassium dichromate solution (K2Cr2O7) 

2. Concentrated sulphuric acid (98%). 

3. Orthophosphoric acid 

4. Ferrous ammonium sulphate solution [(NH4) FeSO4.6H2O], 0.5M 

5. Diphenyl Indicator (C6H5) NH 

 

Procedure  

 One gram (1.0 g) of soil sample was taken in 250 m L volumetric flask and 10 m L of 

freshly prepared Potassium di chromate (K2Cr2O7 ) was added in sample.  The samples 

were gently placed in a shaker until the soil was mixed well, then added 20 m L of 

concentrated sulphuric acid and shake it again for one minute and let it to stay for ½ hr. 

Then 150 m L distilled water was added. After this 10 m L of orthophosphoric acid was 

added and a pinch of 0.2 g NaF was also added. Two or three drops of diphenyl indicator 

were added when dark blue colour appeared. The sample was titrated with 0.5M solution of 

Ferrous Sulphate  and the percentage of organic matter was calculated from given formula 

 

Percentage organic matter =   % OM = 10 (1-T/S) 6.7 

T= Value taken after titration 

S= Value of blank 

3.4.3 Metal determination in soil 

Procedure 

One gram oven dried (70oC) soil was taken in titration flask and Ten (10 mL) 

concentrated HNO3 was added. The sample was heated at 150 oC at digestion chamber until 

the acid evaporated to dryness. After cooling the mixture of 0.5 m L HNO3 and 2 m L of 

perchloric acid (HClO4) was added and the sample was again heated till dryness, cool and 

added 2 m L of HCl and 25 m L of distilled water were added and again heated for one 

hour at 120oC. The residue was rinsed with 1% HNO3 and 50 m L volume was made with 

1% HNO3. The metal contents (Pb2+, Cd2+ and Ca2+) were analyzed on Atomic Absorption 

Spectrophotometer (Analyst 300 Perkin-Elmer Germany). 
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3.5. Plants under Study 

The top most triplicate leaves from each plant species were collected from roadsides and 

50m away from roadside (control) at M-3 and N-5 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nerium oleander, Sesuvium portulacastrum  and Phoenix roebellini  have been planted at 

the central belt of the M-3 and other plant species were naturally growing on M-3 and N-5.  

 

Motorway (M-3) National Highway (N-5) 

Calotropis procera (Ait.) Ait. Calotropis procera  (Ait.)  Ait. 

Cenchrus ciliaris L. Cenchrus ciliaris L. 

Phoenix roebellini O’Brein. Datura alba Linn. 

Sesuvium portulacastrum (L.) L. Amaranthus viridus L. 

Nerium oleander L. 
Vachellia nilotica (L.) P. J. H. 

Hurter & Mabb. 

X Parthenium hysterophorus L. 

X Nerium oleander L. 
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Phoenix roebelenii Sesuvium portulacastrum 

  

Calotropis procera Cenchrus ciliaris 

Overview of plant species at M-3
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Calotropis procera Parthenium hysterophorus

  

Datura alba Amaranthus viridus 

  

  

Vachellia nilotica Nerium oleander 

Overview of plant species at N-5 
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3.6 Gas exchange characteristics 

The net CO2 assimilation rate (A), stomatal conductance (gs) and transpiration rate (E), 

were measured for all the selected plant species at five sites on M-3 and N-5, using a 

portable infrared gas analyzer (Model Cl-340; Analytical development company, 

Hoddesdon, England). These measurements were made from 10.00 a.m. to 2.00 p.m. for a 

fully expanded central leaf for each plant. Data for gas exchange attributes were recorded 

with following adjustments:- 

Molar flow of air per unit leaf area 403.3 m mol m-2s-1, atmospheric pressure 99.9 K 

Pa, water vapor pressure into chamber ranged from 6.0 to 8.9 m bar, PAR at leaf surface 

was maximum upto 1711 mol m-2s-1, temperature of leaf ranged from 28.4 to 32.40C, 

ambient temperature ranged from 22.4 to 27.90C and ambient CO2 conc. was 352 m mol-1. 

The characteristics measured were as follow: 

 

a. Photosynthetic rate (A) 

b. Transpiration rate (E) 

c. Stomatal conductance (gs) 

d. Sub-stomatal CO2 concentration (Ci) 

e. Water use efficiency (A/E) 

 

3.7. Biochemical attributes 

A 0.1 g fresh leaf sample of all under study species was kept in sodium buffer for 

one day and analyzed for determining:  

 

a. Total soluble sugars  

b. Total free amino acids 

      c. Total soluble proteins 

 

3.7.1 Determination of total free amino acids 

For the determination of total free amino acids the triplicate fresh plant leaves (0.5 

g) gathered from natural and planted flora from both roads were chopped and extracted 

with phosphate buffer (0.2 M)  having pH 7.0. One (1 mL) of the extract was taken in 25 
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mL test tube and added 1 mL of Pyridine (10 %) and Ninhydrin (2 %) solution in each test 

tube. Ninhydrin solution was prepared by dissolving 2 g Ninhydrine in 100 m L of distilled 

water. The test tubes with sample mixture were heated in boiling water bath for about 30 

minutes. The volume of each test tube was made up to 50 m L with distilled water. The 

optical density of the colored solution was noted at 570 nm using spectrophotometer. The 

graph reading was taken µg g-1 (fresh wt.) and a standard curve was developed with leucine 

and free amino acids were calculated using the procedure and formulae of Hamilton and 

Van Slyke (1973) given below: 

Total free amino acids   = Reading of sample x  volume of sample x  dilution factor 
                                                              Weight of fresh leaf x 1000 

 

 3.7.2 Determination of total soluble proteins 

   
Total soluble proteins were determined using the method of Lowry et al. (1951).  

Reagents  

 Phosphate buffer (0.2 M): Following chemicals were used to prepare the phosphate 

buffer.  

1.  One molar solution of NaH2PO4. 2H2O (156.01 g  L-1) was prepared as the  stock.  

2.  One molar solution of Di-sodium hydrogen phosphate (Na2HPO4. 2H2O, 177.99 g 

L-1)   was prepared as the stock.  

Copper Reagents  

Solution A 

Na2CO3       = 2.0 g 

NaOH     = 0.2 g 

Sodium potassium tartarate   = 1.0 g 

 

All the three chemicals were dissolved in distilled water and the volume was made 

upto 100 m L.  

 

Solution B 

CuSO4. 5H2O solution: 0.5 g CuSO4.5H2O was dissolved in 100 m L distilled water  



24 
 

Solution C 

 Fifty (50 m L) of solution A and 1.0 m L of solution B were mixed to prepare 

alkaline solution. This solution was always prepared fresh.  

 

Folin Phenol Reagent  

 One hundred gram (100 g) of sodium tungstate and 25 g of sodium molybdate were 

dissolved in 700 m L of distilled water. Fifty m L of 85% orthophosphoric acid and 100 m 

L of HCl were added and the mixture was refluxed for 10 hr. Then 150 g of lithium sulfate 

was added along with 50 m L of distilled water. A few drops of Br2 were also added. The 

mixture was boiled without condenser for 15 min to remove extra Br2. The mixture was 

then cooled and diluted upto 1000 mL. 

 

3.7.3 Determination of total soluble sugars 

Total soluble sugars were determined according to the method of Yemm and Willis 

(1954).  

 

Extraction:  

Dried plant material was ground well in a micromill and sieved through 1 mm sieve 

of micro mill. Plant material (0.1 g) was extracted in 80% ethanol solution. The extract was 

incubated for 6 h at 60oC. This extract was used for the estimation of total soluble sugars.  

 

Reagents: 

 Anthrone reagent was prepared by dissolving 150 mg of anthrone in 72% H2SO4 solution. 

This reagent was freshly prepared whenever needed.  

 

Procedure:  

 Plant extract was taken in 25 m L test tubes and 6 m L anthrone reagent was added 

to each tube, heated in boiling water bath for 10 min. The test tubes were ice-cooled for 10 

min. and incubated for 20 min. at room temperature (25oC). Optical density was read at 625 

nm on a spectrophotometer (Hitatchi, 220, Japan).  The conc. of soluble sugars was 

calculated from the standard curve developed by using the above method. 
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3.8. Collection of unwashed and washed leaf samples  

3.8.1. Digestion Procedure 

The triplicate washed and unwashed (coated with dust) leaf samples from tagged 

plant species were digested with sulphuric peroxide method (Parkinson and Allen, 1975). A 

0.1 g of dry powder of each plant species was digested in 0.42 g of selenium and 14 g of 

LiSO4.2H2O by slowly adding hydrogen peroxide (H2O2), mixed well and finally added 

420 m L of sulphuric acid and made the volume upto 100 m L. Two (2 m L of plant leaves 

were digested at 250 oC and made the volume upto 50 m L. Metal concentrations were 

determined by Flame-Atomic Absorption Spectrophotometer (Analyst 300 Perkin-Elmer 

Germany). A calibration curve was prepared using various concentrations of lead (Pb2+) 

standard. This curve was seen to pass through zero intercept with a correlation coefficient 

of 0.99. 

3.8.2 Elemental determination  

For determining the concentration of metals viz. Pb2+, and Cd2+  in plant and dust 

samples, analytical analysis was performed with Atomic Absorption Spectrophotometer 

(Hitachi Polarized Zeeman AAS, Z-8200, Japan) following the conditions described in 

Association of Official Analytical Chemists (AOAC) 1990. The instrumental operating 

conditions for the said elements are summarized below: 

Table: Instrumental Conditions for Elemental Determination by FAAS 

Parameter Cd2+ Pb2+ 

Lamp Current (mA) 7.5 7.5 

Wavelength (nm) 228.8 283.3 

Width of Slit (nm) 1.3 1.3 

Burner Head Standard 
Type 

Standard 
Type 

Burner Height (mm) 5.0 7.5 

Flame Air-C2H2 Air-C2H2 

Oxidant Gas Pressure 160 kPa 160 kPa 

Fuel Gas Pressure 6 kPa 7KPa 

Standards Preparation 
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Calibrated standards were prepared by using the commercially available stock 

solution (Applichem) in the form of an aqueous solution at 1000 ppm. Working standards 

were prepared by dilution with highly purified de-ionized water. All the glass apparatus 

used throughout the process of analytical work was immersed in 8 N HNO3 overnight and 

washed with several changes of de-ionized water prior to use. The required calibrated 

standards were prepared by the following formula: 

C1V1 = C2 V2 

Where 

C1= Concentration of stock solution 

V1= Volume of stock solution 

C2= Concentration of standard solution 

V2= Volume of standard solution 

 

3.9. Determination of cations (Ca2+ and K+) 

Digestion 

 Dried ground material (0.1 g) was taken in digestion tubes and 2 mL of 

concentrated H2SO4 were added to each tube (Wolf, 1982). All the tubes were incubated 

overnight at room temperature. Then 0.5 m L of H2O2 (35%) poured down the sides of the 

digestion tube, ported the tubes in a digestion block and heated at 250oC until fumes were 

produced. Heating was continued for another 30 minutes. The digestion tubes were 

removed from the block and cooled until the digested material became colorless. The 

volume of the extract was maintained up to 50 m L in volumetric flasks. The extract was 

filtered and used for determining potassium (K+) contents on flame photometer (Jenway 

PFP, 7). The Ca2+ contents were determined on Atomic Absorption Spectrophotometer, as 

described in detail in section “element determination”. 
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3.10 Traffic density  

  Traffic density (No. of vehicles/dry) was recorded on Faisalabad Toll-Plaza and 

Pindi Bhattian Interchange at M-3 and Gutwala Interchange and Khurrianwala Stop at N-5. 

The data were recorded on specified days (midweek and weekend days) during specified 

time periods (2 hr) in the morning and evening. The record of vehicles entrance and exit for 

both roads on monthly basis were also obtained from National Highway Authority, Lahore. 

 

3.11 Smoke collection  

One gram (1g) triplicate smoke samples were collected from different vehicles from 

Faisalabad Toll Plaza and Pindi Bhattian Interchange at M-3 and from Gutwala Intechange 

and Khurrianwala at N-5. The smoke samples were dissolved in 50 m L of Magna-Maxi 

wash liquid and heavy metals (Pb2+ and Cd2+) were analyzed by Atomic Absorption 

Spectrophotometer (Analyst 300 Perkin-Elmer Germany). 

 

3.12 Petrol analysis 

The 10 m L 0f petrol (leaded and unleaded) and diesel samples from local fuel 

distributing companies such as Shell (leaded petrol) Caltex (Supreme & Diesel) and Attock 

(Supreme & Diesel) were collected. Nonetheless Pb2+ and Cd2+ contents were determined 

using ICP-OES Optima-2100DV.  

 

3.13 Experimental design and statistical analysis of data:  

Two ways blocking was used for randomized stratified sampling. The data for 

various ecological attributes were analyzed by using a COSTAT (Cohort Software, 

Berkeley, California USA). The Paired t-test was used throughout the analysis and mean 

values were compared following Steel and Torrie, (1980). 
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CHAPTER 4 

RESULTS AND DISCUSSION 

   

4.1.1. Pb2+ content in dust samples 

 The data relating to Pb2+ conc. in dust samples collected from different sites at M-3 

and N-5 has been presented in Fig 4.1.1.a and 4.1.1b. The examination of the data indicated 

higher Pb2+ conc. in roadside dust samples of all sites of M-3 and N-5 was noticed than 

their reference controls. The maximum Pb2+ conc. (0.00075 mg g-1) was observed in dust 

samples of Hojan Town and minimum conc. (0.00016 mg g-1) was recorded in Kamalpur 

Sargodha road. The Pb2+ conc. in roadside dust samples of Pindi Bhattian Interchange, 

Nahar Barnala Jhang, Branch and M. C. Drain was found 0.00069, 0.00052 and 0.00014 

mg g-1 respectively; however, it was quite low in their control samples i.e. 0.00049, 

0.00043 and 0.00014 mg g-1 respectively. The data collected from N-5 showed maximum 

Pb2+ conc. (0.000244 mg g-1) at ZIS-textiles and minimum Pb2+ contents (0.00042 mg g-1) 

for  roadside dust samples of Bhikki site to those  recorded  for control samples i.e. 0.00078 

and 0.00032 mg g-1 in Chak.No.60 Saudagarpur and Bhikki site respectively. The Pb2+ 

values (0.00143 mg g-1) recorded for Sitara valley and Bhalipur Bhara Panwa stop had an 

intermediate Pb2+ values.  

It is very clear from the results that more Pb2+ conc. at M-3 and N-5 was due to 

emission of lead oxide (PbO2) from the exhaust of motor vehicles, variation in Pb2+ 

contents may be due to emission of noxious gases from brick furnaces located nearby the 

road. It seems to be added the toxic pollutants in the form of suspended particulate matters 

which slowly settled down on the ground while the exhaust gases of industrial units and 

batteries manufacturing factories may also have contributed to the addition of Pb2+ contents 

in the dust samples collected from N-5. In another study metals like lead (Pb2+) and 

cadmium (Cd2+) were found in suspended particles emitting from vehicles in India while 

Pb2+ and Cd2+ concentrations were reported i.e. 0.0791 and 0.0033 mg g-1 in Kolkata (Karar 

et al., 2006). Industrial dust also deteriorates the quality of soil (Peng et al., 2011).   

Metal contents in roadside dust have been extensively studied by a number of 

scientists (Raoof and Al-Shahf, 1992). The Pb2+ conc. was found to be 0.0599 mg g-1 in  
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Fig 4.1.1a Conc. of Pb2+ in dust of five selected sites at M-3. 

   

 

Fig 4.1.1b. Conc. of Pb2+ in dust of five selected sites at N-5. 
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Fig  4.1.4a. The correlation between traffic density and Pb2+ conc. in dust (control) at 

M-3. 

 

Fig 4.1.4b The correlation between traffic density and Pb2+ conc. in dust (control) at 

N-5. 
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Fig 4. 1.5a. The correlation between traffic density and Pb2+ conc. in dust (roadside) 

at  M-3. 

 

 

 
Fig 4. 1.5b. The correlation between traffic density and Pb2+ conc. in dust (roadside) 
at N-5. 
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street dust of Jordan (Jaradat et al. 2004). Metal accumulated in dust samples indicated that 

dust contained high levels of heavy metals, Pb2+ conc. ranged from 0.066-0.105 mg g-1, 

Cu2+ 0.052- 0.13 mg g-1; Ni2+ from 0.057- 0.071 mg g-1 and Zn2+ from 0.04-0.093 mg g-1 

(Syla et al., 2008 and Tanushree et al., 2011). The addition of heavy metals in soil from 

industrial waste and their spatial distribution through aerial deposition has been reported in 

USA (Baize et al., 1999).  

During this study a correlation was drawn between traffic density (Number of 

vehicles/d) and Pb2+ conc. in roadside and control samples has been separately at M-3 and 

N-5. The coefficient of determination values for both roads was drawn. The (R2 = 0.189) 

for dust collected from control sites at M-3 indicated weak association between Pb2+ 

contents and traffic density. It clearly indicated that traffic density partially contributed to 

increasing Pb2+ conc. in dust and R2= 0.108 value indicated for roadside samples following 

same trend in control samples (Fig. 4.1.4a). While coefficient of determination values (R2= 

0.140 and 0.004) was recorded for roadside dust samples at M-3 and N-5 respectively (Fig. 

4.1.5a and 5b. This weak association might be due to difference in infra structures 

(buildings) situated near N-5 and a diverse type of motor vehicles including animal driven 

carts mostly using old tires.  

The literature showed that metal contaminated dust had negative impact on soil 

properties and metabolic activities of different plant species like Ziziphus spina-christi and 

Syzygium cumini growing on roadsides (Hegazi and Al-Kady, 2010). 

4.1.2. Cd2+ conc. 
 

The high Cd2+ conc. was noticed in dust samples (roadside and control) at M-3 and 

N-5. The data given in Fig.4.1.2a indicated that maximum Cd2+ conc. (0.0003 mg g-1) was 

recorded in roadside dust samples for Pindi Bhattian Interchange than that recorded (0.0002 

mg g-1) for control one, however, no difference in Cd2+ conc. (0.0001mg g-1) was seen 

between Nahar Barnala Jhang and M. C. Drain at roadside and control samples.  

 The maximum Cd2+ content (0.0003 mg g-1) was measured for Chak No.60 

Saudagarpur and minimum was in Sitara valley (0.00001 mg g-1) while comparing the Cd2+ 

concentrations in all sites of N-5 showed almost same Cd2+ concentrations with reference 

to their controls (4.1.2b). 
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Fig 4.1.2a. Conc.of Cd2+ in dust samples of five selected sites at M-3.  

 

 

 

Fig 4.1.2 b. Conc. of Cd2+ in dust samples of five selected sites of N-5. 
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Fig 4.1.6a. The correlation between traffic density and Cd2+ conc. in dust (control ) 

samples at  M-3. 

 

 

 

 

Fig 4.1.6b The correlation between traffic density and Cd2+ conc. in dust (control) at 

N-5. 
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Fig 4.1.7a. The correlation between traffic density and Cd2+ conc. in dust (roadside) at  

M-3. 

 

 

 

 

Fig 4.1.7b. The correlation between traffic density and Cd2+ conc. in dust (roadside) at  

N-5. 
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The previous study relating to Cd2+ conc. also revealed that dust had low Cd2+ 

contents collected from Jordan (Jaradat et al., 2004). The lowest value was also observed 

for Cd2+ (0.00059 to 0.0013 mg g-1) in street dust samples of Nigeria (Shinggu et al., 

2007). A similar study relating to roadside pollution in Lahore (Pakistan) revealed that 

Cd2+ contamination from automobile exhaust decreased with depth of soil in particular 

(Ahmad et al., 2006; Lamme et al., 2006;  Rasheed, 2008). 

The correlation between traffic density and Cd2+ conc. in control and roadside dust 

samples was performed for M-3 and N-5. The highest co-efficient of determination (R2 = 

0.411) was recorded for roadside dust samples at M-3 with reference to their controls (R2= 

0.264). The former value for Cd2+ showed association to some extent to their reference 

controls (Fig. 4.1.7a). The traffic density might be contributed for accumulation of Cd2+ 

contents due to wearing and tearing of tires due to high speed of running vehicles at M-3. 

Similar trend regarding Cd2+ was noticed in roadside dust samples of N-5 (Fig. 4.1.7b). The 

coefficient of determination value (R2= 0.322) showed weak association between traffic 

density and Cd2+ accumulation while R2 =0.002 has been drawn for control samples at N-5. 

 

4.1.3 Ca2+conc. 

The Ca2+ contents were high for roadside samples at both roads to their reference controls. 

The higher Ca2+ conc. (0.3815 mg g-1) for dust samples of Hojan Town followed by  conc. 

(0.334 mg g-1) of Kamalpur Sargodha road and Pindi Bhattian Interchange (0.3285 mg g-1) 

over their reference controls (Fig 4.1.3a) at M-3 and minimum Ca2+ conc. (0.237 mg g-1) 

was noticed in Nahar Barnal Jhang, Branch while in case of N-5, ZIS- Textiles showed 

higher Ca2+ conc. (0.3428 mg g-1) in dust for roadside samples with comparison to their 

control ones (Fig 4.1.3b). The dust samples from the roadside of Sitara valley contained 

Ca2+ contents 0.2843 mg g-1 as compared to control (0.2933 mg g-1). The roadside and 

control dust samples collected from Bhikki sites had less variation in Ca2+ contents. 

Kalavrouziotis et al. (2008) used treated municipal wastewater for irrigation and examined 

high accumulation of Cd2+ and Pb2+ in soil and especially in edible portion of Brassica 

oleracea (Trasar Cepeda et al., 2000). The results indicated high Ca2+ contents in some 

control dust samples might be due to heavy use of Calcium Sulphate (CaSO4) in soils. 

From the dry land the Ca2+ entered into the dust through wind or dust storm which may be  
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Fig  4.1. 3a. Conc. of Ca2+ in dust of five selected sites of M-3. 

 

 

 

Fig 4.1.3b. Conc. of Ca2+ in dust of five selected sites of N-5.  
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attributed to the erosion of ancient stones containing CaCO3, CaSO4 and brick furnaces 

were also situated near Pindi Bhatttian Interchange site. 

The pH and organic matter contents of the soil have been determined for five 

different sites at M-3 and N-5 and away from roads (control). The findings have been 

described here in detail:  

 

4.2 Soil Analysis 

The pH and organic matter contents of soil are key factors for plant growth. The 

slight change in pH and organic matter can alter the chemical characteristics of soil, 

mobility of nutrients including metals and water status in the rhizosphere ultimately affect 

the soil composition and fertility which leads to low plant productivity.  

 

4.2.1. The pH and soil organic matter contents 

The analysis of soil samples collected from M-3 and N-5 showed that there was no 

remarkable change in soil pH of both roadsides as compared to their controls (Fig. 4.2.1a 

and 4.2.1b). The pH of soil samples collected from different sites on both roads ranged 

from 7.9 to 8.3 however in control samples it ranged 7.1 -7.9, However, pH of roadside soil 

samples was relatively higher (8.2) at Pindi Bhattian interchange site than that recorded 

(7.3) for control located on M-3. In case of N-5, the highest pH was observed in roadside 

soil samples of ZIS-Textile while the lowest pH (7.8) was recorded at Sitara valley among 

all sites of N-5. The low pH value might be due to the discharge of acidic ions from 

industrial effluents. Previous findings indicated that a slight change in pH may alter the 

physico-chemical characteristics and metal binding capacity of soil (Alloway, 1995; 

Nabulo et al., 2008). Some resembling findings indicated that a slight change in pH may 

also alter the availability of metals in the soil by changing their chemical nature because at 

pH 6 to 11, the Pb2+ get converted into Pb(OH)2
 that affects the nutrient uptake ability of 

the soil (D’Souza et al., 2010). 

The data pertaining to soil organic matter contents revealed an inconsistent variation 

among different sites at M-3 and N-5 respectively.  The high organic matter content 

(1.608%) for Kamalpur Sargodha road was recorded among all sites at M-3 and the lowest 

value of organic matter (0.42%) was measured for roadside soil samples at M. C. 
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Fig 4.2.1a .The pH of soil from five selected sites at M-3. 

 

  

 

Fig  4. 2.1b. The pH of soil from five selected sites at N-5. 
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Fig 4. 2. 2a. The percentage of organic matter collected for five selected sites at M-3. 

 

 

 

Fig 4. 2. 2b .The percentage of organic matter collected for five selected sites at N-5. 
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Drain, However, organic matter content remained unaffected at Nahar Barnala Jhang 

Branch and M. C. Drain in roadside and control soil samples (Fig.4.2.2a).  

 The percentage of organic matter contents was higher in roadside soil of Bhikki site 

with their respective controls at N-5 (Fig. 4.2.2a) while low percentages (0.833 and 0.67%) 

were found in ZIS-textile and Bhalipur Bhara Panwa stop respectively. The high organic 

matter in roadside soils may be due to high rate of grazing livestock and excessive 

deposition of their urine and cow dung mixed well with the top layer of soil. 

It has been reported that Pakistani soils are mostly low in organic matter (Soil 

Survey Hand Book 60). Many soil scientists suggested that the organic matter amendments 

affect the availability of metals like Pb2+ and Cd2+ (D’Souza et al., 2011). The pH was 

negatively correlated with Pb2+ binding and controls the metal behavior (Brovuka and 

Drabek, 2004). The contrasting reports indicated that increase in organic matter may 

decrease the availability of metals to plants (Baker and Sneft, 1995). However, metals bind 

with acidic group of soil colloids and retard nutrient uptake in plants. Zinc (Zn2+) uptake in 

plants may also be affected in the presence of high organic matter (Castilho et al., 1993). 

Stevenson, (1994) reported total acidity is not the most accurate measure of metal binding 

capacity, because organic matter has other binding sites. The organic matter and pH prove 

important factors for bioavailable metals to plants (Myung Chae Jung, 2008, Plesnicar and 

Zupancic, 2005).  

 

4.2.2. Metal Conc. in soil  

4.2.2.1 Pb2+ conc. 

  High Pb2+ conc. was recorded in all soil samples collected from roadside at M-3 

than their reference control samples. The maximum Pb2+ conc. (0.00044 mg g-1) was found 

in roadside soil of Hojan town than that of control (0.00018 mg g-1) followed by Pindi 

Bhattian Interchange except the Pb2+ conc. (0.00028 and 0.00029 mg g-1) examined in 

control samples of Nahar Barnala Jhang Branch respectively. The Pb2+ conc. (0.00032 mg 

g-1) recorded for M. C. Drain was same in roadside and control samples at M-3 (Fig. 

4.2.2.1a). 

The maximum value (0.0032 mg g-1) for Pb2+ in soil samples collected from 

roadside at Sitara valley was followed by conc. (0.00021 mg g-1) that for Chak. No. 60  
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Fig  4.2.2.1a The Pb2+ contents in soil samples  for five selected sites at M-3. 

 

 

Fig 4. 2. 2.1b The Pb2+ contents in soil samples for five selected sites at N-5. 
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Saudagarpur to their  respective controls (Fig. 4.2.2.1b) while reverse was the case for soils 

of ZIS textiles, the observed concentrations were 0.00014 mg g-1 in roadside soil while  

0.0003 mg g-1 was noticed in control and roadside samples as well (Fig. 4.2.2.1b). One of 

the reason, the effluent of Madhuana and Pharang drains also might have contaminated 

some sites of M-3 because some farmers were used this water for irrigation practices 

(Khalown et al., 2006). Another ground fact is that industrial units (ZIS-textiles and Sitara 

valley) discharge hazardous gases and effluents containing metals, particularly Pb2+ and 

Cd2+ (batteries and wall paints) which get dissolved in water and ultimately enter into the 

adjacent soils of N-5. 

  Previous reports also indicated that metal pollution source in soils were dust, 

industries and traffic emissions (Wie and Yang, 2010). Pirzada et al. (2009) worked on 

Pb2+ pollution in soil and vegetation and found positive contribution of traffic density. 

Many scientists reported considerable increase in conc. of Pb2+ (0.134 mg g-1) and Cd2+ 

(0.0036 mg g-1) in urban industrial areas of North Central India (D’Souza et al., 2010). The 

Pb2+ conc. (0.516 mg g-1) in soil was also reported at roads and positively correlated with 

heavy traffic while Cd2+ conc. (0.0019 mg g-1) remained lower than Pb2+ conc. and 

decreased with increase in distance from the road (Plesnicar and Zupancic, 2005).  

 

 4.2.2.2 Cd2+ conc. 

  The Cd2+ conc. was relatively higher in roadside soil samples on both roads (M-3 

and N-5) than their reference controls. The higher value (0.0003 mg g-1) for Cd2+ contents 

was found in soil samples of Nahar Barnala, Jang followed by those relating to Pindi 

Bhattian sites (Fig.4.2.2.2 a and b). The same value for Cd2+ conc. in roadside samples of 

soil was recorded 0.0002 mg g-1 in Kamalpur Sargodha road and M. C. Drain. However at 

N-5, high Cd2+ contents (0.0003 mg g-1) were found in roadside soil samples of Chak. 

No.60. Saudagarpur and 0.0002 mg g-1 Cd2+ conc. was recorded for Sitara valley higher 

than their control while Bhalipur Bhara Panwa Stop and Bhikki site had same Cd2+ conc. 

(0.0001 mg g-1) in roadside and control samples collected from N-5.   

In present study high Cd2+ conc. in soil was found due to presence of Cd2+ salts in 

effluent of industries used for the irrigation of crops. Sitara valley comprised of a large 

industrial unit where most of the employees use motor vehicles. Heavy traffic load and  



44 
 

 

 

Fig 4.2.2.2a.The Cd2+ contents in soil samples for five selected sites of  M-3. 

 

 

 

Fig 4. 2. 2b. The Cd2+ contents in soil samples for five selected sites at N-5. 
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scattered infrastructures of N-5 add more heavy metals in the soil (Cd2+ and Zn2+) by the 

wearing and tearing of tires in the form of dust produced by the friction of tires of truck on 

road. The distance from the emission source minimized the effect of pollution along the 

roads. Similar finding was reported by Amusan et al. (2003). They also examined the effect 

of traffic density (number of vehicles/d) on roadside soils in Nigeria and observed that 

metal pollution decreased with increasing the distance from road. Same studies on heavy 

metals in water and soil were carried out by Davis and Cornwel, 1991; Eick et al., 1999; 

Ghaedi et al., 2007 and Ahmad et al., 2011). The metals released by biosolids subsequently 

enter into fresh water and pose environmental threat after their entrance into the food chain. 

Metals also adsorb on hydrous oxides of organic matter to form insoluble salts which later 

on deteriorate the composition of soil (Alloway and Jackson, 1991).   

Metal traces remain unstable in the air due to their heavy weight and density. They 

get easily absorbed in the soil and get recycled more readily (Violante et al., 2010). Most 

of the metals are non-degradable and immobile in nature. Their conc. remains constant in 

the soil while others like Cd2+ prove mobile. The Cd2+ conc. in surface soil at mine dump 

sites ranged from 0.001 to 0.0167 mg g-1 while 0.0004 to 0.0051 mg g-1 was found at other 

sites which were away from mines. Most of the metals like Cd2+ get sequestered by the 

vegetative parts especially roots (Jung, 2008).  

4.2.2.3 Ca2+ conc. 

The conc. of Ca2+ in the soils of M-3 and N-5 was examined almost same with a 

few exceptions. The high value for Ca2+ contents in soil samples at M-3 was noticed except 

at Hojan Town where Ca2+ conc. (0.242 mg g-1) was high in roadside soil as compared to 

control while at Pindi Bhattian Interchange and Nahar Barnala Jhang, Branch the values for 

Ca2+ contents (0.276 and 0.275 mg g-1) for control and roadside soils but at Kamalpur and 

M.C. Drain, Ca2+ contents were higher in control samples than that recorded for roadside 

soil (Fig.4.2.2.1a). 

In the soil of N5 Ca2+ contents did not follow any trend. The calcium contents 

(0.2796 mg g-1) were higher at Chak No.60 Saudagarpur and Balipur Bhara, Panwa stop 

roadside soil than those of reference control while at Sitara valley and Bhikki sites, Ca2+ 

contents (0.290 and 0.294 mg g-1) were higher in the soil designated as control and low 

Ca2+ contents 0.260 and 0.250 mg g-1 were noticed in their roadside samples, respectively.  
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Fig 4. 2. 2. 3a. The Ca2+ contents in soil samples for five selected sites at M-3.  
 
 

 
 
 
Fig 4.2.2. 3b. The Ca2+ contents in soil samples for five selected sites at N-5. 
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The high Ca2+ concentration in soil collected from control sites may be due to the 

utilization of Ca2+ containing fertilizers for obtaining optimum crop yield because all the 

cultivated soil around M-3 and N-5 are saline. Hence a number of farmers have to use 

gypsum (CaSO4.2H2O) as a source of Ca2+ to get rid of salinity. The literature also 

confirmed that the application of gypsum proved beneficial for obtaining high crop yield 

from saline soils (Iqbal et al., 2010). The high Ca2+ contents in M-3 might be due to use of 

fertilizers containing high amount of CaCO3 (Mehdi et al., 2007). 

The other reason for the high Ca2+ contents may be the effluents discharged by 

industries located around N-5 like Sitara chemicals and ZIS-textiles which release Calcium 

chloride (CaCl2) in their effluents. The Findings of Iqbal et al. (2008) are also in close 

conformity of our results for indicating the release of CaCl2 in industrial effluent in the soil 

adjacent to Sitara chemicals and other industrial units. Similarly, Singh et al. (1996) also 

reported that Pb2+ and Ca2+ conc. in soil at different sites was inversely proportional to the 

distance from the roadside. The Ca2+conc. in soil ranged from 0.0004 mg g-1 to 0.0016 mg 

g-1 at 220 m distance away from the roadside while at second site it ranged from 0.06065 to 

0.02177 mg g-1 at same distance.  

  

4.3. Gas exchange parameters 

 The physiological attributes examined during study discussed have been discussed 

in detail as follows: 

 

4.3.1. Photosynthetic rate (A) 

Photosynthesis is one of the vital processes in plant life. It being the most important 

aspect of metabolic phenomenon in plants gets quickly affected by any environmental 

change. If photosynthesis gets adversely affected, it may retard plant growth and ultimately 

result into yield reduction. However, heavy metal accumulation varies plant to plant and 

plant responses also depend upon the genetic variations and toxicity levels of metals in their 

particular habitats. Ni2+ and Cd2+ in low concentrations are considered to be mandatory for 

the regulation of plant processes but its high quantity causes toxicity to plant metabolism. 

The N. oleander maintained maximum rate of photosynthesis at M-3 while others 

showed lower values for photosynthetic rate. The minimum rate of photosynthesis was
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Fig 4.3.1a. The photosynthetic rate for five selected plant species at M-3. 

 

 

Fig 4.3.1b The Photosynthetic rate for selected plant species at N-5. 
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recorded in C. ciliaris in roadside samples to that of controls, however the rate of 

photosynthesis of N. oleander was not much affected in roadside compared with control 

(Fig.4.3.1a). 

The plants growing at N-5 also showed reduction in rate of photosynthesis; however 

D. alba, C. procera and N. oleander maintained high rate of photosynthesis at roadside as 

control plant. The maximum reduction in rate of photosynthesis was recorded in A. viridus 

followed by V. nilotica while it remained very low in C. procera. 

The reduction in rate of photosynthesis not only depends on pollution but 

morphology and behavior of plants are also proving key factors. These results clearly 

indicated that plants of diverse habitat showed less reduction in rate of photosynthesis like 

C. procera and N. oleander have adaptive potential to cope with adverse environment. 

Literature confirmed that the plants were collected from roadside, industrial and 

high traffic areas vary in their responses under same set of environmental conditions due to 

variation in their anatomical, physiological and genetic characteristics, However, present 

study is in line with previous findings that deposition of vehicular smoke may retard the 

rate of photosynthesis and growth in different plant species (Gupta and Iqba, 2005; Maruthi 

et al., 2005 and Maruthi et al., 2007). 

Kaznina et al. (2005) reported the influence of different concentrations of Pb2+ 

(0.02-0.008 mg g-1) on gas exchange attributes of plant species like oat and barley. The 

Pb2+ level (0.002 mg g-1) caused slight increase in photosynthetic rate but at 0.008 mg g-1of 

Pb2+ conc. significant reduction was seen in photosynthetic rate. Lead stress reduced the 

photosynthetic pigments in mash bean (Hussain et al., 2006) while no change in pigment 

contents was recorded in Pisum sativum subjected under Pb(NO3)2 levels (Parys et al., 

1998). The same effect was noticed in Paspalum distichum with Mn2+ Pb2+ and Zn2+ stress 

(Bhattacharya et al., 2010). Cadmium and Pb2+ also reduced chlorophyll contents and 

photosynthetic activity in two wheat varieties (Oencel et al., 2000).  

The present findings revealed a decreasing trend in photosynthetic activity, noticed 

in roadside plants as compared to those which were 50 m away from roads (control). So 

metal pollution emitting from automobiles affects plant metabolic processes indirectly. The 

present results are in agreement with other studies, that reduction in growth and 

photosynthetic activity was also observed in Chlorella vulgaris (Awasthi and Das, 2005). 
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Chauhan and Joshi (2010) also reported that air pollution also reduced pigments and 

photosynthetic activity in wheat and mustard plants. 

 

4.3.2. Transpiration rate (E) 

 The transpiration rate was decreased in all plant species growing on roadside of M-

3 and N-5 with respect to their controls. The results of present study showed that roadside 

plants were severely affected with metal exposure other than control (Fig.4.3.2a). The 

maximum decrease in transpiration rate was measured in S. portulacastrum at M-3. The 

transpiration rate was increased for N. oleander at N-5 while maximum decrease was 

recorded in A. viridus growing on roadside as compared to control (Fig.4.3.2b). 

Same studies proved that low water potential and reduction in transpiration rate was 

also observed in leaves of Brassica oleracea under cobalt, chromium and copper stress 

(Chatterjee and Chatterjee, 2000). Parys et al. (1998) noticed reduction in photosynthetic 

rate and elevation of transpiration rate in detached leaves of Pisum sativum under Pb2+ 

stress. Cadmium stress also induced changes in gas exchange characteristics, stomatal 

conductance and water status (Hasan et al., 2009).  

 

4.3.3. Stomatal conductance (gs) 

The reduction in stomatal conductance (gs) was recorded in all under study plants at 

M-3 and N-5. S. portulacastrum plants on roadside as well as control plants had slight 

variation in gs (1.25 and 1.49 mmol m-2s-1) as reported in Fig 4.3.3a while N. oleander at 

roadside was less affected. The C. ciliaris and C. procera on roadside possessed the lowest 

value for gs (0.922 &1.51 mmol m-2s-1). The dust deposited on leaves might have blocked 

the stomata and hindered their conductance. This decrease in photosynthetic activity inside 

the plants (Taiz and Zeiger, 2010). Jing et al. (2005) was accompanied by reduced 

intracellular CO2 concentration in tomato cultivars when subjected to Cd2+ stress. Available 

CO2 was limited by stomatal closure under high Pb2+ and Cd2+ levels (Seregin and Ivanov, 

2001). The contrary study was also showed that toxic effects of metals particularly Ni2+ 

exhibited no change in transpiration rate and stomatal conductance of rice variety (Llamas 

et al., 2008). Zinc and Pb2+ decreased transpiration rate and stomatal conductance in peanut  
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Fig 4.3.2a The transpiration rate for selected plant species at M-3. 

 

 

Fig 4.3.2b. The transpiration rate for selected plant species at N-5. 
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Fig 4.3.3a. The stomatal conductance for selected plant species at M-3. 

 

Fig 4.3.3b. The stomatal conductance  for selected plant species at  N-5. 
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(Arachis hypogea) leaves partially contributed to the restriction in photosynthesis (Shi and 

Cai, 2009). 

 

4.3.4. Substomatal carbon dioxide concentration (Ci) 

A decrease in internal carbon dioxide conc. was observed in all plants under study 

at M-3 and N-5, however the lowest value for Ci (182.1 mmol m-2 s-1) was noticed C. 

ciliaris collected from roadside at M-3.  The value (234.54 mmol m-2 s-1) was observed in 

N. oleander as compared to control (71.14 mmol m-2 s-1). Results of similar study for N-5 

showed that all plants exhibited inconsistency in Ci concentration. The C. ciliaris and N. 

oleander showed similar values for roadside and control plants however the  prominent 

influence was recorded in case of  roadside samples of C. procera (309.7 mmol m-2s-1) and 

the least in V. nilotica (235.4 mmol m-2 s-1)  at N-5 (Fig 4.3.4a and 4.3.4b). 

Due to closure of stomata plants try to utilize already stored water for their metabolic 

activities. Stomatal closing also inhibits the uptake of more CO2 concentration from  

atmosphere; as a result photosynthesis decreases which indirectly affects the plant growth. 

Previous studies indicated that Cd2+ at 20 µM concentrations decreased net photosynthetic 

rate and the stomatal conductance, but internal CO2 concentration got increased under metal 

stress (Burzynski  and Żurek, 2007). 

 

4.3.5. Water use efficiency (WUE) 

Water use efficiency in plants was influenced with change in environmental 

conditions on both M-3 and N-5. The maximum WUE was observed in growing plant 

species, C. procera and N. oleander (8.97 and 5.23) on roadside with respect to their 

controls (9.3 and 5.18), however minimum value for WUE was found in C. ciliaris growing 

on roadside (4.45) as compared to control (7.43) at M-3 ( Fig. 4.3.5a). 

 Inconsistent increase and decrease in WUE was noted in most of the plants growing 

on N-5. The control plants depicted higher values of WUE as compare to roadside. The 

trend in WUE for different plant species was in order of N. oleander > V. nilotica > C. 

ciliaris (4.57, 3.14 and 2.53) while the lowest was seen in A. viridus (1.02) Fig. 4.3.5b. The 

consistent relationship in WUE was noted in C. procera and N. oleander growing on 

roadside and away from roadside. Significant decrease in relative water contents and water  
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Fig 4.3.4a. The internal carbon dioxide conc. for selected plant species at M-3. 

 

 

 

 

Fig 4.3.4b. The internal carbon dioxide conc. for selected plant species at N-5. 
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Fig  4. 3. 5a . The water use efficiency for five selected plant species at M-3. 

 

Fig 4. 3.5b. The water use efficiency for five selected plant species at N-5. 
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use efficiency was observed in two wheat varieties subjected under heavy metal stress 

(Alsokari and Aldesuquy, 2011). A decrease in water use efficiency was also recorded in 

pea and barley at 2 mM Cd2+ stress (Januskaitiene, 2010). The contrasting result shown that 

WUE of four Datura species was increased under  Cd2+ and Zn2+ stress (Valliant et al., 

2005).  

4.4 Biochemical Parameters 

4.4.1. Total soluble sugars 

The data (Fig. 4.4.1a) pertaining to total soluble sugars revealed that this attribute 

was decreased in all plants on roadside of M-3 and N-5 while comparing the plant species 

on M-3, the maximum decrease in total soluble sugars was observed in N. oleander 

growing on roadside while minimum was in S. portulacastrum present on roadside 

comparative to their controls. However the other plant species C. ciliaris, P. roebelenii and 

C. procera showed intermediate trend for decrease in total soluble sugars respective to their 

controls. 

  The trend among the plants of N-5, the maximum decrease was observed in C. 

procera and the minimum decrease was recorded for total soluble sugars in C. ciliaris  

while the other plants like D. alba, V. nilotica and N. oleander  showed inconsistent 

decrease in total soluble sugars (Fig. 4.4.1b) roadside plants as compared to controls. 

The metal stress disturbs the enzymes involved in photosynthesis by replacing its 

prosthetic group thus affecting its compatibility for a particular substrate, hence indirectly 

affect carbon dioxide assimilation resulting in low production of total soluble sugars. The 

previous findings also indicated total soluble sugars decreased in Laguncularia racemosa L. 

when subjected to Cd2+ and Cr2+ stress (Rocha et al., 2009). An increase was observed in 

soluble carbohydrates in leaves collected from different polluted sites of Iran (Seyyednejad, 

2011). The decrease in total soluble sugars and proteins at high conc. was reported by 

Costa and Spitz, 1997 and Bhardwaj et al., 2009). 

 

4.4.2. Total free amino acids  

 Overall decreasing trend in total free amino acids was seen in roadside vegetation 

as compared to control plants on M-3 and N-5 (Fig. 4.4.2a). Under control condition S. 

portulacastrum had maximum amount of total free amino acids while plants growing on  
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Fig 4.4.1a. Conc. of total soluble sugars for plant species growing at M-3. 

 

 

 

Fig  4.4.1b. Conc. of total soluble sugars for plant species growing at N-5. 
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roadside had quite low amino acid concentration. In N. oleander growing on roadside, the 

total free amino acids decreased as compared to other plant species i.e. P. roebelenii, C. 

ciliaris and C. procera. 

The decrease was also recorded in total free amino acids of roadside plants growing 

at N-5 to their controls (Fig. 4.4.2b). The maximum reduction for total amino acids was 

noticed in V. nilotica growing on roadside while minimum was in N. oleander followed by 

D. alba, C. procera, A. viridus and C. ciliaris (Fig 4.4.2b). 

  

Heavy metals particularly Pb2+ and Cd2+ targeted metalloenzymes, involved in 

various metabolic activities of the plants. The restricted binding sites of enzyme like nitrate 

reductase, a key enzyme in nitrogen assimilation pathway whose activity is retarded when 

Pb2+, Ni2+ or Cd2+ replaces its cofactors. The replacement of co-factor block the active site of 

enzymes thus reduction in ion uptake takes place (Salsburry and Ross, 2003).  

  

4.4.3. Total soluble proteins 

The total soluble proteins decreased in all plants under study growing on roadside 

of M-3 and N-5 (Fig. 4.4.3a). A prominent decrease in C. ciliaris and less decrease was 

recorded in S. portulacastrum of roadside plants followed by P. roebelenii, C. procera and 

N. oleander. 

The maximum decrease was observed in A. viridus growing on roadside of N-5 and 

minimum value was found in V. nilotica in comparison to their controls while C. procera 

seems to be persistent at both sides of M-3 and N-5 (Fig.4.4.3b).  

The results clearly indicated that total soluble sugars, total free amino acids and 

total proteins decreased in roadside plants as compared to those of controls. The production 

of low nitrogenous compounds might be due to metal exposure may be retarding the 

nitrogen uptake. Sharma and Prasad (2010) also documented that the metals bind with the 

sulpha- hydryl (SH) links or coupled with active sites of enzyme, ultimately slows down 

the nitrogen metabolism. 

Soluble proteins and nitrate reductase activity was decreased in Vigna radiata by 

increasing the Cd2+ stress (Muneer et al., 2011). The pigments and total soluble proteins in  
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Fig 4. 4. 2a.  Conc. of total free amino acids for plant species at M-3. 

 

 

 

Fig 4.4. 2b. Conc. of total free amino acids for plants species at N-5. 
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Fig 4.4.3a. Conc. of total soluble proteins for plant species at M-3.   

 

 

Fig 4.4.3b Conc. of total soluble proteins for plant species at N-5. 
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plants decreased but antioxidant activity increased at industrial and urban street sites 

(Doganlar and Atmaca, 2011). 

Toxic effects on proteins contents were also reported in Azolla pinnata and Brassica 

oleracea (Chatterjee and Chatterjee, 2000), Brassica juncea (John et al., 2009) while no 

change was reported in protein contents and metal stress retarded nitrogen uptake resulted in 

low proteins in Pisum sativum (Parys et al., 1998) and same results were obtained for 

Paspalum distichum (Bhattacharya et al., 2010). Nitrogen fixation and ammonia 

conversion decreased in nodules of soybean when subjected to Cd2+ stress (Balestrasse et 

al., 2003). Nitrate reductase and Glutamate synthase activities were also inhibited in beans 

at long term exposure of Cd2+ (Gouiaa et al., 2000). 

 

4.5. Metal Conc. in Plants 

  Leaves are living food factories and directly exposed to various types of 

environmental stresses. They change their morphology and responses towards any 

environmental change. It was proved by a number of scientists and researchers that plant 

leaves were considered as good metal indicators i.e. Lasat, 2001; Sharma and Dubey, 2003 

reported that root, shoot and leaves accumulated more metals from the atmosphere. Leaves 

are considered to be metal indicators reflected the level of air pollutants in the atmosphere 

(Daud, 2009). Metals such as mercury (Hg2+), lead (Pb2+), cadmium (Cd2+), chromium 

(Cr2+) and nickel (Ni2+) accumulated in leaves were studied by (El-hassana et al., 2002 and 

Stevovic et al., 2011). In order to check the metal conc. and ionic contents of the leaves of 

selected plant species at M-3 and N-5, the triplicate samples were statistically analyzed in 

two way completely randomized design (CRD) and results have been presented presented 

here in detail. 

 

4.5.1. Pb2+ conc. 

The unwashed leaves collected from M-3 had more Pb2+ conc. than that of washed 

ones. Among four collected species C. procera accumulated more Pb2+ (0.0024 mg g-1) in 

their unwashed leaves while 0.00017 mg g-1 was found in washed leaves however 

minimum Pb2+ conc. was noticed in P. robelenii (Fig. 4.5.1a). The unwashed leaves of C. 

ciliaris and S. portulacastrum had 0.00083 and 0.00016 mg g-1 of Pb2+ respectively.  
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Fig 4.5.1a. Data collected for Pb2+ contents between washed and unwashed leaves of  

plant species at M-3. 

 

 

 

Fig 4.5.1b. Data collected for Pb2+ contents between washed and unwashed leaves of 

plant species at N-5. 
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Table 4.5.8a  Analysis of Variance of data for Pb2+ conc. in washed and unwashed 

leaves at M-3. 

 

Source df SS MS F P 

Main Effects      

Plants 3 2.173 0.724 63.49 .0000*** 

Treatments 1 0.092 0.0921 8.077 .0113* 

Plants x 

Treatments 
2 

0.0341 0.0170   

Error 17 0.1939 0.0114 1.495 .2523 ns 

Total 23 2.493    

LSD (0.05) 

 

Table 4.5.8b.  Comparison of means for Pb2+ conc.  between leaves of plant species at 

M-3. 

 

 

 

 

 

 

 

Table. 4.5.8c. Comparison of means  for Pb2+ conc. in unwashed and washed leaves at 

M-3. 

Leaves Means (Paired t-test) 

Unwashed 0.603 a 

Washed 0.254 b 

 

 

 

Ranks Plant species Mean 

1. Calotropis procera 0.9133 a 

2. Sesuvium portulacastrum 0.5771 b 

3. Cenchrus ciliaris 0.2678 c 

4. Pheonix robellenii 0.133 d 
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Table 4.5.9a.  Analysis of Variance for Pb2+ conc. in washed and unwashed leaves at 

N-5. 

Source df SS MS F P 

Main Effects      

Plants 4 0.800 0.2001 9.245 .0002*** 

Treatments 1 1.288 1.288 59.50 .000*** 

Plants x 

Treatments 
4 

0.119 0.0298 1.379 .2764 ns 

Error 20 0.432 0.02164   

Total 29     

LSD (0.05) 

 

 

Table 4.5.9b.  Comparison of means for Pb2+ conc. of leaves of plant species at N-5. 

Ranks Plant species Mean 

1. Nerium oleander 0.672a 

2. Vachellia nilotica 0.535 a 

3. Calotropis procera 0.318 b 

4. Parthenium hysterophorus 0.281b 

5. Cenchrus ciliaris 0.255b 

 

Table 4.5.9c.  Comparison of mean for Pb2+ conc. of washed and unwashed leaves at 

N-5. 

 

 

 

 

Leaves Means (Paired t-test) 

Unwashed 0.619 a 

Washed 0.205 b 
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Table 11.The SD and SE values (Pb2+ and Cd2 +) for leaves of   different plant species at M-3. 
 

 
 

SD = 

Standard deviation, SE= Standard error 

  Pb2+ conc. Cd2+ conc. 
Plants Replicates unwashed washed unwashed washed 

Calotropis 
procera 

R1 0.0011 0.00088 0.000009 0.000007 
R2 0.001 0.0006 0.000006 0.000006 
R3 0.001 0.0009 0.000004 0.000005 

 Average 0.001033333 0.000793333 6.3333E-06 0.000006 
SD 5.7735E-05 0.00016773 2.5166E-06 0.000001 
SE 3.33728E-05 9.69537E-05 1.4547E-06 5.78035E-07 

Cenchrus 
ciliaris 

R1 0.0004 0.00018 0.00001 0.000007 
R2 0.0003 0.0002 0.00001 0.000007 
R3 0.000407 0.00012 0.000012 0.000006 

 Average 0.000369 0.000166667 1.0667E-05 6.66667E-06 
 SD 5.98582E-05 4.16333E-05 1.1547E-06 5.7735E-07 
 SE 3.46001E-05 2.40655E-05 6.6746E-07 3.33728E-07 

Sesuvium 
portulacastrum 

R1 0.00079 0.000421 0.000011 0.000004 
R2 0.000592 0.000432 0.000009 0.000005 
R3 0.00066 0.000568 0.000008 0.000003 

 Average 0.000680667 0.000473667 9.3333E-06 0.000004 
 SD 0.000100605 8.188E-05 1.5275E-06 0.000001 
 SE 5.81531E-05 4.73295E-05 8.8296E-07 5.78035E-07 

Pheonix 
roebelenii 

R1 0.00015 0.00013 0.000009 0.000005 
R2 0.000142 0.00011 0.000007 0.000003 
R3 0.000138 0.00013 0.000008 0.000002 

 Average 0.000143333 0.000123333 0.000008 3.33333E-06 
 SD 6.1101E-06 1.1547E-05 1E-06 1.52753E-06 
 SE 3.53185E-06 6.67457E-06 5.7803E-07 8.82963E-07 
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Table 12. The SD and SE values (Pb2+ and Cd2 +) for leaves of   different plant species at N-5. 
SD = Standard deviation, SE= Standard error

 Pb2+ conc. Cd2+ conc. 

Plants Replicates unwashed washed unwashed washed 

Calotropis procera 

R1 0.000041 0.0001 0.000011 0.00001667 

R2 0.000059 0.00101 0.0000112 0.000024 

R3 0.000071 0.00063 0.0000113 0.0000456 

 Average 0.000057 0.00058 1.11667E-05 2.87567E-05 

 SD 1.50997E-05 0.000457056 1.52753E-07 1.50401E-05 

 SE 8.72813E-06 0.000264194 8.82963E-08 8.69372E-06 

Cenchrus ciliaris 

R1 0.0000672 0.00042 0.000023 0.00001333 

R2 0.0000786 0.000431 0.000012 0.0000244 

R3 0.0000996 0.000435 0.0000012 0.00001234 

 Average 0.0000818 0.000428667 1.20667E-05 0.00001669 

 SD 1.64353E-05 7.76745E-06 1.09002E-05 6.69538E-06 

 SE 9.50019E-06 4.48986E-06 6.30067E-06 3.87016E-06 

Parthenium hysterophorus 

R1 0.000077 0.00049 0.0000772 0.000004 

R2 0.000065 0.000473 0.0000812 0.0000038 

R3 0.000062 0.000522 0.0000881 0.0000037 

 Average 0.000068 0.000495 8.21667E-05 3.83333E-06 

 SD 7.93725E-06 2.48797E-05 5.51392E-06 1.52753E-07 

 SE 4.58801E-06 1.43813E-05 3.18724E-06 8.82963E-08 

Nerium Oleander 

R1 0.00052 0.000762 0.00001667 0.00001 

R2 0.00061 0.000782 0.0000234 0.00002 

R3 0.00057 0.000792 0.0000356 0.00001 

 Average 0.000566667 0.000778667 2.52233E-05 1.33333E-05 

 SD 4.50925E-05 1.52753E-05 9.59581E-06 5.7735E-06 

 SE 2.6065E-05 8.82963E-06 5.54671E-06 3.33728E-06 

Vachellia nilotca 

R1 0.00023 0.00082 0.00002 0.0000133 

R2 0.00032 0.00084 0.00004 0.0000223 

R3 0.00021 0.00079 0.00002 0.0000224 

 Average 0.000253333 0.000816667 2.66667E-05 1.93333E-05 

 SD 5.85947E-05 2.51661E-05 1.1547E-05 5.22526E-06 

 SE 3.38697E-05 1.45469E-05 6.67457E-06 3.02038E-06 
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Analysis of variance (ANOVA) for Pb2+ conc. in washed and unwashed leaves at M-3 

showed plant and treatments were highly significant and their interaction was non 

significant (Table 4.5.8a). Ranking of plant species based on paired t-test depicted that C. 

procera accumulated more Pb2+ in their leaves (Table 4.5.8b) while P. robellenii had low 

Pb2+ value in their leaves.  

A comparison was also made between Pb2+ conc. of unwashed and washed leaves of 

plant species collected from N-5 showed that N. oleander  accumulated more Pb2+ i.e. 

0.00186 mg g-1 in their leaves while less accumulation of Pb2+ (0.0012 mg g-1) was noticed 

in unwashed leaves of  P. hysterophorus. Other plant leaves of C. procera, C. ciliaris and 

V. nilotica had 0.0013, 0.00122 and 0.00192 mg g-1 of Pb2+. 

 Analysis of variance for Pb2+ contents in leaves of plant species growing at N-5, 

the plants and treatments were found highly significant and statistically non-significant 

interaction proved at P ≥ 0.05 (Table 4.5.9a). The comparison of Pb2+ conc. among all plant 

species showed that N. oleander was at the top in ranking, high Pb2+ value (0.672a) in its 

leaves and C. ciliaris at lower most hence accumulated lowest amount (0.255b) of Pb2+ 

(Table. 4.5.9b).   

 Previous studies indicated that difference in metal accumulation varies among 

various plant species. The accumulation of heavy metals depends upon their leaf 

morphology and anatomy. Begum et al. (2009) worked out metal accumulation in different 

localities of India. They documented that the conc. of Fe2+, Pb2+ and Ni2+ was found 

maximum in roadside plants. They also identified heavy metal accumulation in lichens 

analyzed for Cr2+ and Pb2+. The high accumulation was also recorded in Chrysothrix 

candelaris L. 

 
4.5.2. Cd2+ conc. 

 The high Cd2+ contents (0.000024 mg g-1) were found in unwashed leaves of C. 

ciliaris and low Cd2+ (0.000016 mg g-1) was recorded in C. procera. Other two species had 

intermediate responses for Cd2+ accumulation i.e. 0.000022 and 0.000018 mg g-1 in 

unwashed leaves of S. portulacastrum and P. robellenii respectively, collected from M-3 

(Fig. 4.5.2a). The ANOVA for Cd2+ contents in washed and unwashed leaves samples 

collected from M-3 depicted that plants and treatments were highly significant and their  



68 
 

 

 

 

Fig 4.5.2a. Data collected for Cd2+ contents between washed and unwashed leaves of 

plant species at M-3. 

 

 

 

Fig 4.5.3a. Data collected for Cd2+ contents between washed and unwashed leaves of 

plant species at N-5. 
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Table 4.5.10a.  Analysis of Variance for Cd2+ conc. in washed and unwashed leaves at 

M-3. 

Source df SS MS F P 

Main Effects      

Plants 3 3.112 1.037 5.59 .0074** 

Treatments 1 9.8 9.8e-5 5.288 .000*** 

Plants x 

Treatments 
2 

1.33 6.66 0.359 .7030 ns 

Error 17 3.15 1.852   

Total 23 1.61    

 

LSD 0.05 

Table  4.5.10b Comparison of means for Cd2+ conc. in leaves of plant species at M-3. 

 

Ranks Plant species Mean 

1. Cenchrus ciliaris 0.0866 a 

2. Sesuvium portulacastrum 0.006 b 

3. Calotropis procera 0.0061 b 

4. Pheonix robellenii 0.0056 b 

 

 

Table 4.5.10c. Comparison of means for Cd2+ conc. between unwashed and washed 

leaves at M-3. 

Leaves Means (Paired t-test) 

Unwashed 0.0080 a 

Washed 0.0046 b 
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Table 4.5.11a.  Analysis of Variance for Cd2+ conc. of washed and unwashed leaves at 

N-5. 

Source df SS MS F P 

Main Effects      

Plants 4 0.0029 7.397 10.47 .0001*** 

Treatments 1 0.0017 0.0017 24.10 .0001*** 

Plants x 

Treatments 
4 

0.008 0.0020 29.34 .0000** 

Error 20 0.0014 7.063   

Total 29     

LSD 0.05 

 

 

Table 4.5.11b. Comparison of mean for Cd2+ conc. of leaves of plant species at N-5. 

 

Ranks Plant species Mean 

1. Parthenium hysterophorus 0.043 a 

2. Vachellia nilotica 0.023 b 

3. Calotropis procera 0.019 b 

4. Nerium oleander 0.019 b 

5. Cenchrus ciliaris 0.0143 b 

 

Table  4.5.11c.  Comparison of means for Cd2+ conc. in unwashed and washed leaves 

of plants at N-5. 

Leaves Means (Paired t-test) 

Unwashed 0.0314 a 

Washed 0.0163 b 
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interaction was non-significant. The leaves of C. ciliaris showed high affinity with Cd2+ 

accumulation (0.0866a) and low affinity was found in leaves of P. robellenii (0.0056b) 

presented in Table 4.5.10b.  

 On the other hand the leaves of different plant species collected from N-5 (Fig. 

4.5.2b), high deposition of Cd2+ was 0.00007 mg g-1 and minimum Cd2+ traces (0.00002 

mg g-1) was measured in unwashed leaves of P. hysterophorus. The Cd2+ conc. (0.00006, 

0.00005 and 0.00003 mg g-1) in unwashed leaves was recorded in V. nilotica followed by 

N. oleander and C. ciliaris. The reverse trend was found for accumulation of Cd2+ in leaves 

was non-significant at N-5. All plant species accumulated minute conc. in plant leaves. The 

treatments and interaction was highly significant at P≤ 0.05 for Cd2+ accumulation in 

leaves for growing plant species at N-5. The wild plant P. hysterophorus accumulated more 

Cd2+ (0.043a) followed by V .nilotica (0.023b) C. procera, (0.019 b) N.oleander (0.019b) 

and C. ciliaris (0.0143b).  

 The literature showed that high Cd2+ and Pb2+ concentration were detected in 

Platanus orientalis L. and Nerium oleander L. in the urban and roadside plant leaves than 

their controls (Doganlar and Atmaca, 2011). Epidermal changes on exposure of traffic 

density were studied in C. procera and N. indicum (Kulshrestha et al., 2008). The 

anatomical studies on two different cultivars of mungbean revealed that Cr2+ and Cd2+ traces 

were deposited in root stelar region of Vigna unguiculata and to lesser extent in Vigna 

radiata while Cd2+ accumulation in Vigna radiata was high as compared to Vigna 

unguiculata (Chandra et al., 2010). The findings also exposed that accumulation mode of 

Cd2+ and Cr2+ was species specific (Lasat, 2001).  

Lead and Cd2+ deposition on leaves varies plant to plant and degree of deposition 

and  metal trapping may be triggered by underlying pathways and adaptability mechanism 

in plants towards stress environment (Sharma et al., 2005).  

Many scientists worked out that plants growing along the roads deposit many toxic 

metals particularly Pb2+ in leaves (Tong, 1991; Jaradat et al., 2004). Leaves anatomical 

studies might be useful for accessing the effect of vehicular pollution (Pal et al., 2002). 

Same finding was reported by Munendra et al. (2004) that Pb2+ conc. decreased in spring 

season and increased in monsoon to winter seasons (Pb2+ ranged from 0.0021 to 0.00282 

mg g-1 dry weight). The study indicated that predominant source for accumulation of Pb2+  
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in leaves of Dalbergia sisso was directly related to exposure time of automobile emission. 

Higher conc. of Pb2+ was measured i.e. 0.00132 mg g-1 in 1994 to 0.00019 mg  g-1  in 2002 

at the road side plants as compared to the urban areas. 

In another study, Tuna et al. (2005) observed higher Pb2+ accumulation observed in 

Pyracantha coccinea than Pinus sp. and Olea europaea when all plant species were used as 

biomonitors for heavy metal pollution. It is evident from another study that Pittosporum 

tobira as biomonitoring agent for Pb2+ accumulation; the conc. of Pb2+ measured in 

unwashed leaves ranged upto 0.0041 mg g-1 of dry weight (Palmieri et asl., 2005). Madejon 

et al. (2006) used Populus sp. as ecological indicator for pollution control; Pb2+ ranged 

upto 0.005 mg g-1 dry weight in leaves. They also found that Pb2+ conc. in Quercus ilex 

was 0.0047- 0.0205 mg g-1 dry weight of unwashed leaves and in Olea europaea 0.00163-

0.0242 mg g-1 dry weight of unwashed leaves in Spain. The same results were found by 

Calzoni et al. (2007) by using Rosa rugosa in Italy.  

Leaves of deciduous tree like horse chestnut (Aesculus hippocastanum L.) and 

Turkish hazel (Corylus colurna L.) were used as accumulative biomonitors of trace metals 

such as Pb2+, Cu2+, Zn2+, Cd2+) in  the urban area of Belgrade (Munendra et al., 2004). 

They took ten leaves per species per month during two successive years. They concluded 

that increased trace metals in the leaves of Aesculus hippocastanum reflected elevated 

metal pollution whereas Corylus colurna L. did not act in this manner (Tomasevic et al., 

2008). Akguc et al., (2008) used Pyracantha coccinea Roem. (fire thorn) as a  biomonitor 

for Cd2+, Pb2+  and Zinc. Other plant samples were collected from different sites of Mugla 

Province. As a result of measurements, the average highest value of Cd2+ accumulation was 

0.00036 ± 0.0006 mg g-1 dry weight in unwashed leaves and the lowest value was 

measured i.e. 0.00016 ± 0.0004 mg g-1 dry weights in washed leaf samples of industrial 

area. The highest and lowest levels of Pb2+ were recorded in branch samples and average 

value of washed leaves ranged from 0.093 ± 0.00123 and 0.0056 ± 0.00147 mg g-1 

collected from industrial area. 

These findings contradict with present experiment that some plant species were not 

act as good ecological indicator such as Cannabis sativa was not to be good indicator for 

biomonitoring of Pb2+. Bagla et al. (2009) worked on mosses and assigned them as good 

biomonitors for assessing the high conc. of heavy metals except Na+, Al3+ and Cd2+. 
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Mosses like Funaria hygrometrica and Semibarbula orientalis proved good biomonitors of 

atmospheric heavy metal accumulation and deposition on plant surface. Significant 

correlations were found between the heavy metal concentrations in soil and washed leaf 

samples. Chichorium intybus was found to be a valuable biomonitor of heavy metals 

(Aksoy, 2008). 

Correlation studies between photosynthesis and plant metal conc. 

The co-efficient of determination for photosynthetic activity and metal conc. (Pb2+ 

and Cd2+) in unwashed leaves of plants growing on roadside and control samples at M-3. The 

Pb2+ has more pronounced effect on photosynthesis as compared to Cd2+. Lead contributes 

positively in unwashed leaves of roadside plants growing at M-3 than their respective 

controls. A comparison was made (Fig.4.5.6a) between unwashed leaves of roadside with 

their reference controls. The coefficient of determination value (R2 = 0.39) for Pb2+ in 

unwashed leaves showed less association between these two variables, while in roadside 

plants  the co-efficient of determination value (R2 = 0.855) closely associated with Pb2+ in 

unwashed leaves and photosynthetic activity of plants (Fig 4.5.6b). The Cd2+ also showed 

some association in unwashed leaves of roadside plants as compared to controls. It is very 

clear that Pb2+ deposition was more in unwashed leaves of under study plant species while 

the Cd2+ deposition was less in roadside and control plant leaves. The plants were growing at 

N-5 had more Cd2+ in roadside plants than that of the unwashed leaves of control sites.  

 The correlation coefficient (R2 = 0.480) for Cd2+ conc. revealed that plants on 

roadside deposited more Cd2+ in their leaves than (R2= 0.346) of their controls (Fig. 4.5.7b). 

The correlation study indicated that photosynthetic activity decreased with increase in metal 

deposition. The strong association of Pb2+ contents in unwashed leaves and photosynthetic 

activity was found in control plants. The correlation values of co-efficient of determination 

showed high deposition of Pb2+ in control leaves of plants located at N-5 while low conc. of 

Pb2+ was found in roadside plants. The metal deposited on leaf surface indicated that leaves 

act as pollution indicator.  Contrary with above findings that washed Chickory leaves were 

associated with metal pollution in soil and prove good ecological indicators (Aksoy, 2008). 

Cassava leaves had more Pb2+ in express way than that of remote villages  However, Cd2+ did 

not significantly differ from remote villages of Nigeria (Ano et al., 2007). The highest 

deposition of heavy metals (Pb2+, Cd2+, Ni2+ and Zn2+) was usually found on leaves of white  
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Fig 4.5.6a. The co-efficient of determination between photosynthetic activity and 

metal conc. (Pb2+ and Cd2+) in control unwashed leaves at M-3. 

 

 

 

Fig 4.5.6b. The co-efficient of determination between photosynthetic activity and 

metal conc. (Pb2+ and Cd2+) in roadside unwashed leaves at M-3. 
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Fig 4.5.7a. The co-efficient of determination between photosynthetic activity and 

metal conc. (Pb2+ and Cd2+ in control unwashed leaves at N-5. 

 

 

 

 

Fig. 4.5.7b. The co-efficient of determination between photosynthetic activity and 

metal conc. (Pb2+ and Cd2+) in roadside unwashed leaves at N-5. 
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clover and the lowest was in Paspalum grass under high traffic emissions in New Zealand 

(Neil et al., 1977). The plants have also positively correlated with traffic density (Amusan 

et al., 2003). They also documented that Pb2+ concentration was 0.05052 mg g-1 at 1 m 

distance and 0.00282 mg g-1 at 50 m distance. It is concluded that pollution effect is 

lessened with the distance from the source pollution. 

4.5.3. Ca2+ conc. 

The Ca2+ contents were high in washed leaves of plants growing at M-3 and N-5. 

Ca2+ contents (0.0544 mg g-1) was quite high in washed leaves of C. procera at M-3 while 

high amount of Ca2+ contents (0.06846 mg g-1) was noticed in unwashed leaves of P. 

robelenii ( Fig. 4.5.3a). The ANOVA results for Ca2+ accumulation in leaves of plant 

species collected from M-3 were non significant. All plant species significantly differ from 

each other mentioned in Table. 4.5.12b. The data recorded for Ca2+ conc. in leaves of 

plants selected at N-5 were highly significant, treatment and interaction was also 

significant (Table 4.5.13a). The data analysis for Ca2+ contents along N-5 showed high 

Ca2+ contents (0.0696 mg g-1) were recorded in washed leaves of N. oleander and minimum 

value (0.0275 mg g-1) was measured in washed leaves of C. ciliaris. A relatively high Ca2+ 

contents (0.0294 mg g-1) was recorded in unwashed leaves of V. nilotica but this was 

relatively low conc. among all leaves of different plant species for N-5 (Fig. 4.5.3b). The 

N. oleander had more Ca2+ contents (21.69a) in leaves. P. hysterophorus and C. procera 

had almost same amount of Ca2+ (14.51b and 13.53bc) in their leaves and C. ciliaris 

accumulated low Ca2+ value (12.11c) in their leaves (Table 4.5.13b.). 

It is evident from literature heavy metals particularly Cd2+ interact with Ca2+ ions in 

guard cell regulation and interfere with Abcissic acid (ABA) mediated mechanism 

independently entered into the cytosol of guard cells (Barbeoch et al., 2002). Cadmium 

stress causes the alleviation of Ca2+ ions to lighten the environmental stresses. 

 

4.5.4. K. conc. 

The potassium contents were comparatively high in washed to that of unwashed 

leaves collected from both roads (Fig. 4.5.4a.) The maximum K conc. (0.2925 mg g-1) was 

observed in S. portulacastrum and minimum conc. (0.1922 mg g-1) was found in C. procera 

while C. ciliaris had low amount of K conc. (0.1887 mg g-1) in washed leaves growing at  
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Fig 4.5.3a. Data collected for Ca2+ contents among washed and unwashed leaves of 

plant species at M-3. 

 

 

 

Fig 4.5.3b. Data collected for  Ca2+ contents among washed and unwashed leaves of 

plant species at N-5. 
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Table 4.5. 12a  Analysis of Variance for Ca2+ conc. in washed and unwashed leaves on 

M-3. 

Source df SS MS F P 

Main Effects      

Plants 3 741.83 247.27 97.387 .000*** 

Treatments 1 0 0 0  

Plants x 

Treatments 
2 

0 0 0 1 ns 

Error 17 43.164 2.539  1 ns 

Total 23 784.99    

LSD 0.05 

 

 

Table 4.5.12b.  Comparison of mean for Ca2+ conc. in leaves of plant species at M-3. 

Ranks Plant species Mean 

1. Pheonix robellenii  28.69 a 

2. Calotropis procera 21.43 b 

3. Sesuvium portulacastrum 17.4 c 

4. Cenchrus ciliaris 13.7 d 

 

Table 4.5.12c Comparison of means for Ca2+ conc. in unwashed and washed leaves at  

M-3. 

Leaves Means (Paired t-test) 

Unwashed 20.53 a 

Washed 19.93 a 
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Table 4.5. 13a.  Analysis of Variance for Ca2+ conc.  in washed and unwashed leaves at  

N-5. 

Source df SS MS F P 

Main Effects      

Plants 4 378.43 94.60 54.27 .0000*** 

Treatments 1 111.41 111.41 63.911 .0000*** 

Plants x 

Treatments 
4 

298.04 74.510 42.743 .0000*** 

Error 20 34.86    

Total 29 822.75    

 

LSD 0.05 

Table 4.5.13b. Comparison of mean for Ca2+ conc. in leaves of plant species at N-5. 

Ranks Plant species Mean 

1. Nerium oleander 21.69 a 

2. Parthenium hysterophorus 14.51 b 

3. Calotropis procera 13.53 bc 

4. Vachellia nilotica 12.33 c 

5. Cenchrus ciliaris 12.11 c 

 

Table 4.5.13c Comparison of means for Ca2+ conc. in unwashed and washed leaves of 

plants at N-5. 

Leaves Means (Paired t-test) 

Unwashed 16.75 a  

Washed 12.89 b 
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Fig 4.5.4a. Data collected for  K contents among washed and unwashed leaves of plant 
species at M-3. 
 

 

Fig 4.5.4b. Data collected for K contents among washed and unwashed leaves of plant 

species at N-5. 
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M-3. The statistical data for K contents in leaves sampled from M-3, the plants and 

treatments interaction was non significant. The mean value indicated that S. portulacastrum 

leaves had high accumulation of K contents (123.67a) and all other plants like P.robellenii, 

C.ciliaris and C.procera were significantly differ from each other as shown in Table 

4.5.14a and 14b.  

The plants growing at N-5 exhibited more K conc. in washed leaves. The washed 

leaves of C. ciliaris had maximum K contents (0.3132 mg g-1) followed by those (0.0998 

and 0.2709 mg g-1) for V. nilotica and C. procera (Fig.4.5.4b). The analysis of data for K 

contents inside the leaves was highly significant and interaction between plants and 

treatments was also significant (Table 4.5.15a). The highest amount of K (123.96a) was 

present in leaves of C. ciliaris and lowest (32.40e) was in leaves of V. nilotica (Table 

4.5.15b) 

The results are in close conformity with previous findings of many researchers who 

proved that Cd2+ accumulates in the form of dust from air beside other metals released from 

wearing and tearing of vehicle tires. Similar findings were reported e.g. the dust containing 

Pb2+, Cd2+ and Cu2+ deposited on plant leaves from the exhaust of heavy vehicles (Pundyte 

et al., 2011). In another study it has been proved that metals retard the uptake of nutrients 

such as K, P and N in plants (Atuamya et al., 1999). Same results were reported by Rabier 

et al. (2008). They reported that metals replaced K and P in soil affects osmoregulation in 

plants. Reduction in K was also observed at high levels of Ni2+ and reverse effect was seen in 

case of Cd2+ (Ahonen-Jonnarth and Finlay, 2001). The elevated levels of Ni2+ and Cd2+ 

retarded the uptake of many cations which ultimately disturb the plant water relation. The 

inhibition of K uptake from the root cells may cause severe physiological changes in stomatal 

opening and closing. The K channels of plasma membrane were insensitive to high Cd2+ 

application (Barbeoch, 2002). The results clearly illustrated that K ions are independent of 

traffic density and dust deposited on leaves from smoke of vehicles. 
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Table 4.5.14a.Analysis of Variance for K conc. in washed and unwashed leaves at M-

3. 

Source df SS MS F P 

Main Effects      

Plants 3 9414.78 3138.26 287.29 .0000*** 

Treatments 1 35.224 35.22 3.224 .0903 ns 

Plants x 

Treatments 
2 

0.3272 0.163 0.0149 .9851 ns 

Error 17 185.700 10.93   

Total 23     

LSD 0.05 

 

 

Table 4.5.14b.  Comparison of mean for K conc. in leaves of plant species at M-3. 

Ranks Plant species Mean 

1. Sesuvium portulacastrum  123.67 a 

2. Pheonix robellenii 113.94 b 

3. Cenchrus ciliaris 81.92 c 

4. Calotropis procera 77.88 d 

 

 

Table 4.5.14c. Comparison of means for K conc. in unwashed and washed leaves at M-

3. 

Leaves Means (Paired t-test) 

Unwashed 85.47 a 

Washed 65.33 b 
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Table 4.5. 15a Analysis of Variance for K conc. in washed and unwashed leaves at N-

5. 

Source df SS MS F P 

Main Effects      

Plants 4 3485.21 8713.30 674.24 .0000*** 

Treatments 1 3043.55 3043.55 235.5 .0000*** 

Plants x 

Treatments 
4 

1956.29 489.072 37.84 .0000*** 

Error 20 258.46 12.93   

Total 29     

 

LSD 0.05 

 

Table 4.5.15b.  Comparison of mean for K conc. in leaves of plant species at N-5. 

Ranks Plant species Mean 

1. Cenchrus ciliaris 123.96a 

2. Calotropis procera 93.47 b 

3. Parthenium hysterophorus 85.92 c 

4. Nerium oleander 41.27 d 

5. Vachellia nilotica 32.40 e 

 

Table 4.5.15c Comparison of means for K conc. in unwashed and washed leaves of 

plants at N-5. 

 

Leaves Means (Paired t-test) 

Unwashed 85.47 a 

Washed 65.33 b 
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Table 13. The SD and SE values (Ca2+ and K+) for leaves of   different plant species at M-3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
SD = Standard deviation, SE= Standard error 

  Ca2+.conc. K+ conc. 
Plants Replicates unwashed washed unwashed washed 

Calotropis 
procera 

R1 0.02314 0.02314 0.0832 0.07231 
R2 0.02014 0.02014 0.0812 0.07435 
R3 0.02101 0.02101 0.0833 0.07295 

 Average 0.02143 0.02143 0.082566667 0.073203 

SD 0.00154347 0.00154347 0.001184624 0.001043 

SE 0.00089218 0.000892179 0.000684754 0.000603 

Cenchrus 
ciliaris 

R1 0.01381 0.01381 0.0843 0.08241 
R2 0.01475 0.01475 0.0821 0.07998 
R3 0.01254 0.01254 0.0835 0.07924 

 Average 0.0137 0.0137 0.0833 0.080543 
 SD 0.0011091 0.001109099 0.001113553 0.001658 
 SE 0.0006411 0.000641098 0.000643672 0.000959 

Sesuvium 
portulacastrum 

R1 0.0185 0.0185 0.12488 0.1203 
R2 0.0172 0.0172 0.12633 0.12455 
R3 0.0165 0.0165 0.12453 0.12145 

 Average 0.0174 0.0174 0.125246667 0.1221 
 SD 0.00101489 0.001014889 0.000954376 0.002198 
 SE 0.00058664 0.000586641 0.000551662 0.001271 

Pheonix 
roebelenii 

R1 0.02833 0.02833 0.11957 0.1123 
R2 0.03133 0.03133 0.11345 0.1133 
R3 0.02641 0.02641 0.11255 0.1125 

 Average 0.02869 0.02869 0.11519 0.1127 
 SD 0.00247968 0.002479677 0.003819791 0.000529 
 SE 0.00143334 0.00143334 0.002207971 0.000306 
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Table 14. The SD and SE values (Ca2+ and K+) for leaves of   different plant species at N-5. 
 Ca2+.conc. K+ conc. 

Plants unwashed washed unwashed washed 

Calotropis procera 

0.01356 0.01428 0.0705 0.1168 
0.01529 0.01344 0.06934 0.1129 
0.01229 0.01235 0.06898 0.1223 

 0.013713333 0.013356667 0.069606667 0.117333333 

 0.001505866 0.000967695 0.000794313 0.004722641 

 0.000870443 0.000559361 0.000459141 0.00272985 

Cenchrus ciliaris 

0.00967 0.01354 0.10988 0.12833 
0.01345 0.010223 0.11235 0.13667 
0.01324 0.01255 0.11089 0.14567 

 0.01212 0.012104333 0.11104 0.13689 

 0.002124359 0.001702817 0.001241813 0.008672093 

 0.001227953 0.000984287 0.000717811 0.005012771 

Parthenium hysterophorus 

0.01378 0.01699 0.08599 0.08899 
0.01245 0.01509 0.08023 0.08643 
0.01175 0.01701 0.08355 0.09033 

 0.01266 0.016363333 0.083256667 0.088583333 

 0.001031164 0.001102784 0.002891182 0.001981548 

 0.000596049 0.000637448 0.001671203 0.001145404 

Nerium Oleander 

0.01449 0.03075 0.04145 0.04022 
0.01345 0.0295 0.03834 0.04456 
0.01301 0.02899 0.03933 0.04376 

 0.01365 0.029746667 0.039706667 0.042846667 

 0.00076 0.000905557 0.001588847 0.002309661 

 0.000439306 0.000523443 0.000918408 0.001335064 

Vachellia nilotca 

14.02 12.89 20.78 43.67 
12.05 12.24 23.65 42.33 
10.87 11.34 24.76 39.23 

 12.31333333 12.15666667 23.06333333 41.74333333 

 1.591424938 0.778352962 2.053833813 2.277396174 

 0.919898808 0.449915007 1.187187175 1.316413973 
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4.6. Metal Conc. in Vehicular Smoke 

4.6.1. Pb2+ conc. 

The highest Pb2+ conc. (4.22 mg L-1) was found in the smoke collected from van 

from Pindi Bhattian Interchange while the lowest Pb2+ conc. (3.35 mg L-1) was examined at 

Faisalabad Toll Plaza (Fig. 4.6.1a). The Toll plaza had different Pb2+ concentrations i.e. 

0.03, 2.33, 1.89 and 2.34 mg L-1 in smoke samples for car, coach, truck and bus while 0.02, 

2.54, 1.56 and 2.87 mg L-1 was noticed in smoke samples of car, coach, truck and bus at 

Pindi Bhattian Interchange.   

The Pb2+ conc. at N-5 varied with the type of vehicles running on the road. The 

loader and truck smoke had more Pb2+ (5.1 mg L-1) at Gutwala interchange and less conc. 

(4.37 mg L-1) was recorded at Khurrianwala for N-5 (Fig. 4.6. 1b). The smoke samples 

collected from car and trawler had lowest amount of Pb2+ i.e. 0.01mg L-1 at Gutwala 

Interchange. The use of leaded petrol in vehicles might be the key factor for the presence of 

Pb2+ in smoke samples. Ilyas (2006) examined the levels of Pb2+ emission from smoke 

released by various vehicles and reported the highest quantity of Pb2+ (0.56 g s-1)  for 

trucks and the lowest Pb2+ conc. (0.05 g s-1) was recorded for cars. The database regarding 

the concentrations of heavy metals and continuous monitoring strategies are unavailable to 

differentiate the temporal and spatial variation of smoke released in the form of particulate 

matter. This baseline study provides prevailing Pb2+ and Cd2+ pollution in atmosphere.  

 
4.6.2. Cd2+ conc.  

  

The Cd2+ conc. in the smoke for different vehicles showed similar trend as that recorded in 

case of Pb2+ at Faisalabad Toll Plaza and Pindi Bhattian Interchange. The average Cd2+ 

conc. in smoke samples of buses was recorded i.e. 0.03 mg L-1 and 0.02 mg L-1 was 

recorded for cars. The loaders and buses released high amount of Cd2+ at Gutwala 

Interchange instead of Khurrianwala. Overall the motor vehicles emitted low Cd2+ conc. at 

Gutwala Interchange. The emission of Cd2+ conc. ranged from 0.02 to 0.04 mg L-1 from 

automobiles (Motorcycle and Truck) at Gutwala (Fig. 4.6.2b) while same Cd2+ conc. (0.01 

mg L-1 ) was noticed for that pertaining to Cd2+ conc released by the smoke from cars and 

vans at Khurrianwala and Gutwala (Fig.4.6.2b). Similar results have been already reported 

by Muhammad et al. (2006). They found that the conc. of Pb2+ in smoke ranged from 
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Table 4.10. The traffic density per day recorded randomly for two sites at M-3 and N-5. 

 

 

M-3 N-5 

No. of Vehicles /d 

Faisalabad 

Toll Plaza 

Pindi Bhattian 

Interchange 

Gutwala 

Interchange 

Khurrianwia

la 

120 95 126 125 

121 96 132 160 

121 98 130 145 

123 97 129 134 

125 95 132 150 

127 95 126 150 

128 96 132 142 



88 
 

 

 

Fig  4.6.1a. Data collected for Pb2+ conc. in smoke samples of different automobiles at 

M-3. 

 

Fig  4.6.1b. Data collected  for Pb2+ conc. in smoke samples of different automobiles at 

N-5. 
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Fig 4.6.2a. Data collected for Cd2+ conc. in smoke samples of different automobiles at 
M-3. 
 

 

 

Fig  4.6.2b. Data collected for Cd2+ conc. in smoke samples of different automobiles at 

N-5. 
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0.0015- to 0.0045 mg L-1 which exceeded from National Environment Standard i.e. 

0.00005 mg L-1 probably in Pakistan. Seasonal changes may also contribute to the effect of 

smoke particles. It doesn’t mix well with the humid air and settle quickly on the earth in 

winter. Some times it moves with the wind and settles invariably with the distance (Fiaz et 

al., 1995). 

4.7 Analysis of Petrol and Diesel 
The fuel samples (leaded and unleaded) of different local distributing companies 

were got analyzed for Pb2+ and Cd2+ on Inductive Couple Plasma (ICP-OES) from Pakistan 

Institute of Nuclear Science and Technology (PINSTECH), Islamabad. The results depicted 

in Table 4.7 indicated a number of metals present in petrol and diesel samples. The conc. of 

Tin (Sn2+) was maximum among all the detected metals in petrol and diesel samples. The 

Pb2+ concentration (11.73 µg m L-1) was noted in leaded petrol collected from shell while it 

was 53.3 µg m L-1 in Supreme distributed by Attock and 2.41 µg m L-1 in Supreme 

collected from Caltex. The highest value of Pb2+ was (25.68 µg m L-1) found in diesel 

sample collected from Attock. The Cd2+ was recorded in minimum among all detected 

metals in petrol and diesel samples. The leaded petrol collected from Shell contained 0.02 

µg m L-1 of Cd2+ while Cd2+ remained under detectable limits in unleaded petrol sample 

collected from Attock. The maximum value for Cd2+ (0.03 µg m L-1) was noted in unleaded 

petrol collected from Caltex and minimum (0.01 µg m L-1) was found in diesel samples 

gathered from Attock. Overall results showed high quantity of Pb2+ was found in petrol 

samples as compared to that of Cd2+. As such presently Cd2+ is not too much hazardous for 

plants and humans, because its toxic level  (0.05 mg L-1) is  devised by Environmental 

Protection Agency in 1998 however Pb2+ being emitted in higher quantity might be harmful 

as it gets slowly accumulates into the environment through automobile exhaust 

(www.epa.org.pk). 

During the last decade, some Asian countries including Pakistan have undergone a 

substantial increase in urbanization coupled with use of private vehicles. The emission 

from industries and vehicles adds enormous pollutants in the atmosphere (Gujar et al., 

2008). Heavy traffic is major contributing factor for rising metal pollution in the air. 

Different Governmental Departments, Environmental Protection Agency and Pakistan  
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 Table 4.7.The list of conc. of detected metals in gasoline, diesel and Supreme samples 

collected from various fuel distributing companies. 

 

Concentration of Metals ( µg mL-1) 

Elements Leaded Petrol 

(Shell) 

Unleaded 

Supreme 

(Caltex)  

Unleaded 

Supreme 

(Attock) 

Diesel (Attock) 

Al3+ 4.13 8.21 14.04 8.33 

Cd2+ 0.02 0.03 ND 0.01 

Cr2+ 5.87 2.19 5.12 5.29 

Cu2+ 0.32 0.65 1.28 0.53 

Fe2+ 19.26 12.26 26.35 21.18 

Mn2+ 0.46 12.90 6.07 0.71 

Ni2+ 2.46 2.17 3.75 3.56 

Pb2+ 11.73 2.41 53.39 25.68 

Sn2+ 11.11 40.78 84.62 56.34 

Zn2+ 1.92 1.97 6.79 3.05 

 

Table 4.9. National Ambient Air Quality Standards for Pb2+ taken from EPA Report. 

Pollutant Primary Standard Averaging Time Secondary Standard 

Pb2+ 0.15 µg/ 1000 L Rolling 3-Month Average Same as Primary 

 Note: This quantity is equal to 0.00000015 mg L-1.         
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Economic Survey reported in 2006 and 2007 that extensive use of vehicles and high traffic 

density greatly contaminate the air around roadsides. Parekh et al. (1987) also reported 

high Pb2+ conc. (71 µg m-3) in particulate matter. In 2002 they determined up to 391 metric 

tons emission of Pb2+ per year. Shah et al. (2004) reported 22.8 ng m-3 of Pb2+ in the 

atmosphere. The mean Pb2+ level up to 2-5 µg m-3 has been reported in Quetta, Lahore and 

Islamabad, Pakistan (Saqib and Jaffar, 2004). 

Some reduction has been noted after the removal of Pb2+ from the petrol beyond 

2002 (Pb2+ Action News, 2011), but it has again increased in Asian countries due to use of 

tetraethyl lead (TEL) in petrol. The demand of petrol is again increasing due to shortage of 

CNG supply in Pakistan. The data presented in Table 4.7, indicated high Pb2+ content (2.41 

µg m L-1) still present even in unleaded petrol samples. The nickel conc. was recorded up 

to 2.46 µg m L-1 in Supreme supplied by Caltex and 3.56 µg m L-1 in diesel samples. The 

conc. of Stannous (Sn2+) was high in diesel samples might be due to the corrosion of 

containers coated with stannous while Pb2+ content (25.68 ug m L-1) was found high in 

diesel samples and unleaded petrol. Stannous is used as an additive to increase the mobility 

(lowering of viscosity) of diesel and petrol. However the conc. of copper and zinc was 

recorded quite low in petrol and diesel samples. According to National Ambient Air 

Quality Standard (NAAQS) devised by Environmental Protection Agency (EPA), Pakistan 

In 2010, the Pb2+ conc. should not exceed 0.00000015 mg L-1 (www. epa. gov/ ttn/ air/ 

criteria/ html). In present study Tin (Sn2+) and Iron (Fe2+) was found high in leaded, 

unleaded petrol and diesel samples. Lead was also in high conc. followed by Sn2+ and Fe2+. 

It clearly indicates that Pb2+ is emitted by using petrol in vehicles and results into 

environmental pollution. It is easily absorbed in human blood and replaces the prosthetic 

groups of enzymes that are responsible for conversion of heamoglobin into 

oxyheamoglobin and ultimately leads to anemia.  

Previous studies reflected that traffic smoke caused considerable metal pollution as 

high Octane super gasoline contained 0.275-0.614 g L-1  Pb2+ and high diesel had 0.003 

Cd2+ and 0.0038 g L- of Pb2+ (Ahmed et al., 1999). In another study Pb2+ was found in its 

highest conc. (2.46 ± 0.016 mg L-1) but Cd2+ was recorded in low conc. (0.00202 ± 0.00101 

mg L-1) at auto welding units of automobile workshop (Abedemi, 2011). The limits of 

determination for gasoline samples were 0.00013, Cd2+, 0.0004 Cr2+, 0.0009 Cu2+ and 
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0.0015 mg L-1 of Pb2+ (Anselmi et al., 2001). Many other factors prove a key source of 

metal pollution instead of automobile exhaust. According to a study conc. of Cd2+ in 

particulate matter was slightly higher than that of Pb2+ in four cities of Pakistan i.e. 

Gujranwala, Islamabad, Faisalabad and Bahawalnagar (Awan et al., 2011). Dust and 

particulate matter also deteriorate the quality of air and affect human health (Benzo et al., 

2008; Tamraker and Shakya, 2011). The concentration of Pb2+ and Cd2+ in all under study 

samples was not felt harmful for plants at present but metal pollution was found 

contributing towards some physiological and biochemical alterations. The toxicity of 

metals also depends on genetic variation in plants. The aerial deposition of Pb2+ and Cd2+ is 

not apparently too much hazardous for plants and humans. However constant use of Pb2+ 

containing fuels may increase the contamination of metals in the atmosphere which may 

exceed the permissive limits and might be harmful for plants and human beings in future. 
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CHAPTER 5 

SUMMARY 

 

  Metals can enter in to the food chain by different chemical and biological processes. 

Among many sources of metal contamination, the exhaust of automobiles makes major 

contribution. Although many metals are released by vehicles alongwith gaseous pollutants 

but lead (Pb2+) and cadmium (Cd2+) are considered the major pollutants. 

  In order to evaluate the metal pollution level emitted from motor vehicles in the 

periphery of Faisalabad, a study was carried out on two main roads i.e. Motorway (M-3) 

and National Highway (N-5). Stratified Random samples of dust and leaves of plant 

species (Calotropis procera, Cenchrus ciliaris, Phoenix roebellini, Sesuvium 

portulacastrum, Nerium oleander, Datura alba, Amaranthus viridus, Vachellia nilotica and 

Parthenium hysterophorous) growing along both roads were collected and the samples 

collected 50 m away from roadsides and soil samples were collected 15 m away along both 

roads were considered as their reference control. The smoke samples were collected from 

different automobiles at two places of M-3 (Faisalabad Toll Plaza and Pindi Bhattian 

Interchange) and two of N-5 (Gutwala and Khurrianwala). Traffic density was recorded on 

both roads on monthly and daily basis.  The dust, soil, plant and smoke samples were 

digested with appropriate procedures and metal contents were determined on Atomic 

Absorption Spectrophotometer (Perkin Elmer, Germany). The physiological characteristics 

of plants such as gas exchange parameters were recorded by Infra Red gas analyser (IRGA) 

and biochemical attributes like total soluble sugars, total free amino acids and total soluble 

proteins were estimated on spectrophotometer in roadside and control plants. The petrol 

and diesel samples were also collected from various fuel distributing companies like Shell, 

Caltex and Attock and analyzed for the determination of their heavy metal contents. 

Correlations were drawn among metal concentration (Pb2+ and Cd2+), traffic density and 

photosynthetic activity of various selected plant species.  

  The results indicated low photosynthetic and transpiration rate, stomatal 

conductance, internal carbon dioxide conc. and WUE in roadside plants as compared to that 

recorded for reference control. Total soluble sugars, total free amino acids and total soluble 

proteins were also low in roadside vegetation as compared to their reference controls. The 
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studies showed high amount of Pb2+ in dust, soil and plant samples in roadside samples. 

However, Cd2+ conc. remained quite low in all samples of M-3 and N-5 in comparison with 

Pb2+ conc., of both washed and unwashed leaves. Plants growing along both roads showed 

variation in accumulation of Pb2+ and Cd2+. Among all collected species C. procera 

accumulated more Pb2+ (0.0024 mg g-1) in their unwashed leaves while 0.00017 mg g-1 was 

found in washed leaves however minimum Pb2+ conc. was noticed in P. robelenii while at 

N-5, N. oleander accumulated more Pb2+ i.e. 0.00186 mg g-1 in their leaves while less 

accumulation of Pb2+ (0.0012 mg g-1) was noticed in unwashed leaves of P. hysterophorus. 

The high Cd2+ contents (0.000024 mg g-1) were found in unwashed leaves of C. ciliaris and 

low (0.000016 mg g-1) was recorded in C. procera. The leaves of different plant species 

collected from N-5 has shown high deposition of Cd2+ i.e. 0.00007 mg g-1 and minimum 

Cd2+ contents (0.00002 mg g-1) was measured in unwashed leaves of P. hysterophorus. 

  The soils in the vicinity of both roads are not yet well contaminated with Pb2+ and 

Cd2+. The metals did not exceed the hazardous limits of National Ambient Air Quality 

Standards (NAAQS) devised by Environmental Protection Agency (EPA) probably due to  

recent reconstruction of N-5 and very short time period since the construction of M-3. The 

increasing trend of urbanization and shortage of CNG may promote the more use of petrol 

leading to more release of metals into the environment. Hence in the near future metals 

conc. in the soil along both roads may considerably increase. The extent of heavy metals 

pollution might also increase from the permissive limits which can be toxic to the 

vegetation growing along roadsides. 

    This slow and constant rise in metal pollution level should be monitored by 

effective measures otherwise it can become a serious health hazard for biodiversity. The 

use of antiknocking agents in the fuel used in automobiles other than Tetra-ethyl lead 

(TEL) and Tetra-Methyl lead (TML) may prove helpful to curb the release of metals in to 

the environment along both roads. Hence it seems necessary to continuously monitor the 

metal pollution emitting from automobiles along M-3 and N-5 and its adverse effects on 

the morpho-physiological attributes of plant species growing along both roads. The 

identification of plant species having high potential for metal accumulation and capable of 

their detoxification should also be an integral part of these studies.  
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APPENDIX 
 

Walkley-Black Method 
Soil Organic Matter 

Rao Mylavarapu 
 
Application and Principle 

The Walkley Black (WB) method used for determining Soil Organic Matter (OM) 
utilizes a specified volume of acidic dichromate solution reacting with a determined amount 
of soil in order to oxidize the OM. The oxidation step is then followed by titration of the 
excess dichromate solution with ferrous sulfate which gives a volume of ferrous sulfate in m 
L. The OM is calculated using the difference between the total volume of dichromate added 
and the volume titrated after reaction. Problems with this procedure include excessive 
organic matter in the soil (the limit for this procedure is approximately 6%) and difficult end 
point determination which can be found in dark-colored soil solutions. The use of a lighted 
stir plate can be of assistance in the end-point determination. The WB procedure also results 
in production of chromate, which is categorized as a hazardous chemical and requires 
regulated disposal in compliance with EPA regulations. 
 
Equipment 
 

1. Analytical balance, resolution ± 0.01 g 
 

2. 250-mL wide mouth graduated Erlenmeyer flask 
 

3. Fume Hood 
 

4. Titration stand and bieuret 
 

5. Stir plate with light 
 

6. Stirring rods 
 

7. Weighing vessel 
 
 

Reagents 
 
1. Deionized water 

 
2. 0.16M Potassium dichromate (K2Cr2O7) 

 
3. 1.0M Ferrous Sulfate (FeSO4 • 7H2O) 
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4. 1, 10-Phenathroline Ferrous Sulfate complex 
 

5. Concentrated Sulfuric Acid (H2SO4) 
 

 
Procedure 
 
Reagent Preparation 
 

1. 0.16M Potassium dichromate - Dissolve 98.08 g of oven-dry/desiccated Potassium 
dichromate in approximately 1500 mL of pure water and dilute to 2 L. After 
preparation of this solution, transfer to a clean glass bottle for use with a repipetter. 
Do not mix old Potassium dichromate solution with the new solution. 

 
2. 1.0M Ferrous Sulfate - Dissolve 556.04 g of Ferrous Sulfate in approximately 1500 

mL of pure water. Carefully add 30 mL of concentrated Sulfuric Acid, mix, cool, and 
dilute to 2 L. After preparation, this solution may be transferred to a clean 8-L plastic 
carboy. Do not mix old Ferrous Sulfate solution with the new solution. The tubing, 
stopcock, and attachments to the burette should be rinsed three times with new 
Ferrous Sulfate solution before titrating any blanks or samples. Prepare a new 
solution every 30 days.  
 

Analysis 
 

1. Weigh 1.0 g of mineral soil into a 250-mL wide mouth graduated Erlenmeyer flask. 
 

2. Titrate two blank samples (no soil) before proceeding with any unknown samples in 
order to standardize the Ferrous Sulfate solution. If the difference between the two 
blanks is not within 0.2 mL of Ferrous Sulfate solution, clean the burette and 
associated tubing. Reanalyze two more blanks to determine if the problem has been 
eliminated. 
 

3. Pipet 10.0 mL of the Potassium dichromate solution into each flask containing 
unknown soil and mix by carefully rotating the flask to wet all of the soil. 
 

4. Under a fume hood, carefully add 20 mL of concentrated Sulfuric Acid to each flask 
and mix gently. 
 

5. Allow flasks to stand for 5 min under the fume hood.  
 

6. Add pure water to each flask such that the final volume is approximately 125-mL. 
Mix by swirling gently.  
 

7. Allow the samples to cool and return to room temperature and recheck volume after 
30 minutes. 
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8. Add 5 or 6 drops of Phenanthroline complex and immediately titrate with the Ferrous 
Sulfate solution. Use a mixing bar to properly mix the sample as it is titrated. As the 
titration proceeds, the solution will take on a green color that will change abruptly to 
reddish-brown when the endpoint of the titration is reached.  
 

9. Record each volumetric reading to the nearest X.X mL. 
 
 

Calculation 

(1 - S / B) x 10 x 0.68 = organic matter (%) of sample 

S = Volume of Ferrous Sulfate solution required to titrate the sample, in mL. 

B = Average Volume of Ferrous Sulfate solution required to titrate the two blanks, in mL. 

10 = conversion factor for units. 

0.68 = a factor derived from the conversion of % organic carbon to % organic matter  
 
 
Analytical Performance 

Range and Sensitivity 

WB method of determining organic matter is accurate in mineral soils where total 
%OM is 6% or less. Samples with more than 6% OM are difficult to titrate due to color 
change occurring too rapidly. 

Precision and Accuracy 

Each volumetric reading is recorded to the nearest 10th of a mL. Precision must be 
ensured that the person titrating is able to visibly view the reddish-brown color change 
endpoint and quickly end the titration. The aid of a stirring bar and a well lit stirring plate can 
improve user abilities in viewing the titration end point. 

 
 
Safety and Disposal 
 

Disposal of chromate waste by-products of WB titration method must be properly 
managed in accordance to EPA regulations.  
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Abstract 

Emission of heavy metals from traffic activities is an important pollution source to 
roadside farmland ecosystems. However, little previous research has been conducted to 
investigate heavy metal concentrations of roadside farmland soil in mountainous areas. 
Owing to more complex roadside environments and more intense driving conditions on 
mountainous highways, heavy metal accumulation and distribution patterns in farmland 
soil due to traffic activity could be different from those on plain highways. In this study, 
design factors including altitude, roadside distance, terrain, and tree protection were 
considered to analyze their influences on Cu, Zn, Cd, and Pb concentrations in farmland 
soils along a mountain highway around Kathmandu, Nepal. On average, the 
concentrations of Cu, Zn, Cd, and Pb at the sampling sites are lower than the tolerable 
levels. Correspondingly, pollution index analysis does not show serious roadside 
pollution owing to traffic emissions either. However, some maximum Zn, Cd, and Pb 
concentrations are close to or higher than the tolerable level, indicating that although 
average accumulations of heavy metals pose no hazard in the region, some spots with 
peak concentrations may be severely polluted. The correlation analysis indicates that 
either Cu or Cd content is found to be significantly correlated with Zn and Pb content 
while there is no significant correlation between Cu and Cd. The pattern can be 
reasonably explained by the vehicular heavy metal emission mechanisms, which proves 
the heavy metals’ homology of the traffic pollution source. Furthermore, the 
independent factors show complex interaction effects on heavy metal concentrations in 
the mountainous roadside soil, which indicate quite a different distribution pattern from 
previous studies focusing on urban roadside environments. It is found that the Pb 
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concentration in the downgrade roadside soil is significantly lower than that in the 
upgrade soil while the Zn concentration in the downgrade roadside soil is marginally 
higher than in the upgrade soil; and the concentrations of Cu and Pb in the roadside 
soils with tree protection are significantly lower than those without tree protection. 
However, the attenuation pattern of heavy metal concentrations as a function of 
roadside distance within a 100 m range cannot be identified consistently. 

Keywords: heavy metal (Cu, Zn, Cd, and Pb); roadside farmland soil; mountainous 
highway; Nepal 

Lead Air Quality Standards 
The Clean Air Act requires EPA to set National Ambient Air Quality Standards (NAAQS) 
for lead and five other criteria pollutants. The Clean Air Act established two types of 
national air quality standards for lead. 

 Primary standards set limits to protect public health, including the health of 
"sensitive" populations such as asthmatics, children, and the elderly. 

 Secondary standards set limits to protect public welfare, including protection 
against visibility impairment, damage to animals, crops, vegetation, and buildings. 

The Clean Air Act requires EPA to review the latest scientific information and standards 
every five years. Before new standards are established, policy decisions undergo rigorous 
review by the scientific community, industry, public interest groups, the general public and 
the Clean Air Scientific Advisory Committee (CASAC). 

National Ambient Air Quality Standards for Lead 

Pollutant Primary Standard Averaging Time Secondary Standard 
Lead 0.15 µg/m3 (1) Rolling 3-Month Average Same as Primary 

 

 Final rule signed October 15, 2008.  The 1978 lead standard (1.5 
µg/m3 as a quarterly average) remains in effect until one year after
an area is designated for the 2008 standard, except that in areas
designated nonattainment for the 1978 standard, the 1978 standard 
remains in effect until implementation plans to attain or maintain the
2008 standard are approved. 

 This is almost equal to 0.00000015 mg/L 
 

National Ambient Air Quality 
Standards (NAAQS) 
The Clean Air Act, which was last amended in 1990, requires EPA to set National Ambient Air 
Quality Standards (40 CFR part 50) for pollutants considered harmful to public health and the 
environment. The Clean Air Act identifies two types of national ambient air quality 
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standards. Primary standards provide public health protection, including protecting the health of 
"sensitive" populations such as asthmatics, children, and the elderly. Secondary 
standards provide public welfare protection, including protection against decreased visibility and 
damage to animals, crops, vegetation, and buildings. 

 

EPA has set National Ambient Air Quality Standards for six principal pollutants, which are called 
"criteria" pollutants. They are listed below. Units of measure for the standards are parts per million 

(ppm) by volume, parts per billion (ppb) by volume, and micrograms per cubic meter of air 
(µg/m3). 

as of October 2011 

(1) Final rule signed October 15, 2008.  The 1978 lead standard (1.5 µg/m3 as a 
quarterly average) remains in effect until one year after an area is designated for the 
2008 standard, except that in areas designated nonattainment for the 1978, the 1978 

Pollutant 
[final rule cite] 

Primary/  
Secondary 

Averaging Time Level Form 

Carbon Monoxide 
[76 FR 54294, Aug 
31, 2011] 

primary 
8-hour 9 ppm 

Not to be exceeded more than once per year 
1-hour 35 ppm 

Lead 
[73 FR 66964, Nov 
12, 2008] 

primary 
and  
secondary 

Rolling 3 month 
average 

0.15 
μg/m3 (1) 

Not to be exceeded 

Nitrogen Dioxide 
[75 FR 6474, Feb 9, 
2010] 
[61 FR 52852, Oct 8, 
1996] 

primary 1-hour 100 ppb 98th percentile, averaged over 3 years

primary 
and 
secondary 

Annual 53 ppb (2) Annual Mean 

Ozone 
[73 FR 16436, Mar 
27, 2008] 

primary 
and  
secondary 

8-hour 
0.075 
ppm (3) 

Annual fourth-highest daily maximum 8-hr 
concentration, averaged over 3 years 

Particle 
Pollution 
[71 FR 
61144,  
Oct 17, 
2006] 

PM2.5 
primary 
and  
secondary 

Annual 15 μg/m3 annual mean, averaged over 3 years 

24-hour 35 μg/m3 98th percentile, averaged over 3 years 

PM10 
primary 
and 
secondary 

24-hour 150 μg/m3 Not to be exceeded more than once per year 
on average over 3 years 

Sulfur Dioxide 
[75 FR 35520, Jun 
22, 2010] 
[38 FR 25678, Sept 
14, 1973] 

primary 1-hour 75 ppb (4) 
99th percentile of 1-hour daily maximum 
concentrations, averaged over 3 years 

secondary 3-hour 0.5 ppm Not to be exceeded more than once per year 
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standard remains in effect until implementation plans to attain or maintain the 2008 
standard are approved. 
(2) The official level of the annual NO2 standard is 0.053 ppm, equal to 53 ppb, which is 
shown here for the purpose of clearer comparison to the 1-hour standard. 
(3) Final rule signed March 12, 2008.  The 1997 ozone standard (0.08 ppm, annual 
fourth-highest daily maximum 8-hour concentration, averaged over 3 years) and related 
implementation rules remain in place.  In 1997, EPA revoked the 1-hour ozone standard 
(0.12 ppm, not to be exceeded more than once per year) in all areas, although some 
areas have continued obligations under that standard (“anti-backsliding”).  The 1-hour 
ozone standard is attained when the expected number of days per calendar year with 
maximum hourly average concentrations above 0.12 ppm is less than or equal to 1. 
(4) Final rule signed June 2, 2010.  The 1971 annual and 24-hour SO2 standards were 
revoked in that same rulemaking.  However, these standards remain in effect until one 
year after an area is designated for the 2010 standard, except in areas designated 
nonattainment for the 1971 standards, where the 1971 standards remain in effect until 
implementation plans to attain or maintain the 2010 standard are approved. 
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Abstract 
Automobile exhaust emission showed toxic effects on seed germination and seedling growth 
of Cassia siamea. Germination and growth of C. siamea seeds was significantly (p<0.05) affected in 
seeds collected from M. A. Jinnah Road, Sharah-e-Faisal, Nazimabad, and Gulshan-e-Iqbal as 
compared to University campus. The seeds of C. siamea collected from the Karachi University 
campus, which is considered as control site showed better percentage of seed germination and 
seedling growth as compared to the seeds of the same species collected from the city area. Higher 
percentage of decrease in seed germination was found for seeds collected from M. A. Jinnah road, 
followed by Shahrah-e-Faisal, Nazimabad, and Gulshan-e-Iqbal as compared to control. Seedling 
length and root length was also highly decreased for seeds of same species collected from M. A. 
Jinnah road as compared to control. High percentage of decrease in seedling dry weight was found 
for seeds of same species collected from M.A. Jinnah road, followed by Shahrah-e-Faisal, 
Nazimabad, Gulshan-e-Iqbal as compared to control. According to tolerance test it was observed that 
seedling growth of C. siamea showed lowest percentage of tolerance in samples collected from M. A. 
Jinnah Road followed by Sharah-e-Faisal, Nazimabad and Gulshan-e-Iqbal as compared to Campus 
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ABSTRACT 
Consumption of food contaminated with heavy metals is a major source of  health problems 
for man and animals.Vegetable cropping along major highways with heavy vehicular 
movement has been a serious concern to food safety experts in large cities. A study was, 
therefore, carried out in two major highways in Lagos, Nigeria to determine the extent of 
lead (Pb) and cadmium (Cd) contamination in vegetable tissues. Samples of soil and plant 
(Amaranthus viridis) were collected from three sites; two of which were located on major 
highways, and another 
in a rural area which served as the reference site. These samples were collected at distances 
of 5, 10, 15 and 20 m from the roadside and analysed for Pb and Cd. Levels of Pb and Cd in 
soil were found to be 47  to 151 mg kg-1 and 0.30 to 1.33 mg kg-1 (dry 
weight)respectivelyConcentrations in leaves ranged from 68 to 152 mg kg-1 and 0.5  to4.9 
mg kg-1 (dry weight) for Pb and Cd, respectively. The pattern of these heavy metals 
deposition, as reflected by the plant concentration factor (PCF) values, showed decrease in 
concentration with increase in distance fromthe road. Heavy metal concentrations in 
Amaranthus cultivated on soils characterized by heavy traffic were significantly higher (P ≤ 
0.05) than those cultivated on the reference soil. These findings in general indicated that 
while the levels of metals in soil were within the critical limits proposed by Kabata-Pendias 
and Pendias (1984), the range within the plant leaves were above the normal limit for plants 
suggesting that amaranthus has away of concentrating metals in their tissues and or that aerial 
deposition may be a major source of contamination. 
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ABSTRACT 
 
Consumption of food contaminated with heavy metals is a major source of health problems 
for man and animals. Vegetable cropping along major highways with heavy vehicular 
movement has been a serious concern to food safety experts in large cities. A study was, 
therefore, carried out in two major highways in Lagos, Nigeria to determine the extent of 
lead (Pb) and cadmium (Cd) contamination in vegetable tissues. Samples of soil and plant 
(Amaranthus viridis) were collected from three sites; two of which were located on major 
highways, and another in a rural area which served as the reference site. These samples were 
collected at distances of 5, 10, 15 and 20 m from the roadside and analysed for Pb and Cd. 
Levels of Pb and Cd in soil were found to be 47 to 151 mg kg-1 and 0.30 to 1.33 mg kg-1 
(dry weight) respectively. Concentrations in leaves ranged from 68 to 152 mg kg-1 and 0.5 to 
4.9 mg kg-1 (dry weight) for Pb and Cd, respectively. The pattern of these heavy metals 
deposition, as reflected by the plant concentration factor (PCF) values, showed decrease in 
concentration with increase in distance from the road. Heavy metal concentrations in 
Amaranthus cultivated on soils characterized by heavy traffic were significantly higher 
(P0.05) than those cultivated on the reference soil. These findings in general indicated that 
while the levels of metals in soil were within the critical limits proposed by Kabata-Pendias 
and Pendias (1984), the range within the plant leaves were above the normal limit for plants 
suggesting that amaranthus has away of concentrating metals in their tissues and or that aerial 
deposition may be a major source of contamination. 
 
Key Words: Amaranthus viridis, cadmium, lead, pollution load index 
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ABSTRACT 
Tightening of air quality standards for populated urban areas has led to increasing attention to 
assessment of air quality management areas, where violation of air quality standards occurs, and 
development of control strategies to eliminate such violation of air quality standards. The Quetta 
urban area is very densely built and has heavy motorized traffic. The increase of emissions 
mainly from traffic and industry are responsible for the increase in atmospheric pollution levels 
during the last years. The dust examined in the current study was collected by both deposit gauge 
and Petri dish methods at various sites of Quetta Valley. Smoke particles were obtained by 
bladder method from the exhausts of various types of motor vehicles. The concentration of lead 
found in the smoke ranged from 1.5×10−6 to 4.5×10−6. 
Taxon: Vachellia nilotica (L.) P. J. H. Hurter & Mabb. subsp. nilotica 
Genus: Vachellia 
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Family: Fabaceae (alt. Leguminosae) subfamily: Mimosoideae tribe: Acacieae. Also placed 
in: Mimosaceae 
Nomen number: 465208 
Name verified on: 11-May-2012 by ARS Systematic Botanists. Last updated: 28-Aug-2012 
No species priority site assigned. 
Accessions: 3 in National Plant Germplasm System. 
 
Synonyms: 
• Acacia arabica (Lam.) Willd. 
• Acacia nilotica (L.) Delile 
• Acacia nilotica subsp. Nilotica 
• Acacia scorpioides (L.) W. Wight 
• Acacia vera Willd. 
• Mimosa arabica Lam. 
• Mimosa nilotica L. 
• Mimosa scorpioides L. 


