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Abstract 

 

Cadmium (Cd) is a highly toxic metal in the environment. Automobiles release a considerable amount of Cd along 

roads. In this study, we assessed the level of Cd in five herbaceous plant species (Calotropis procera, Datura alba, Ricinus 

communis, Parthenium hysterophorus and Cenchrus ciliaris) commonly growing along two roads i.e. Motorway (M-2) and 

Faisalabad-Sargodha road (FSR) in the Punjab, Pakistan. Plant and soil samples were collected in all the four seasons from 

roadsides. Samples taken 100 m away from roads were designated as control. Cd was analyzed in all the plants and soil 

samples by Inductively Coupled Plasma Atomic Emission Spectrophotometer (ICP-AES). Spatial and temporal variation of 

Cd concentrations both in plants and soils was clearly seen in results. With compared to control ones, plants and soils 

showed higher concentration of Cd along roads. The highest contamination of Cd was recorded during summer, whilst, the 

least was noticed during winter. Among plants, Calotropis procera leaves accumulated the highest level of Cd which proved 

as bioindicator of Cd. The Cd concentrations in plants along roadsides positively correlated with traffic density. So, control 

measures are required to overcome transport sector related pollution which may become severe in forthcoming days. 
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Introduction 
 

The increased anthropogenic activities e.g. industrial 
processes, fossil fuel combustions and traffic emissions 
are adding surplus amount of pollutants into the 
atmosphere (Li et al., 2001; Bhatti et al., 2017). The 
municipal environments contain an intricate mixture of air 
born pollutants, but the dominating feature of urban air is 
road traffic emissions, which are significant and 
increasing source of pollution at the global level 
(Kammarbauer & Dick, 2000; Colvile et al., 2001; Kadi, 
2009; Wei & Yang, 2010; Nikula et al., 2011; Khalid et 
al., 2017a). The concentrations of heavy metals are 
continually increasing in air, water and soils.  

Among metals, cadmium (Cd) is very toxic and 
adversely affects plants, animals and humans (Daud et al., 
2013; Aziz et al., 2014). It has been classified as principle 
human carcinogen (Anon., 2011; Anon., 2012; Luckett et 
al., 2012). Vehicular exhausts are the main source of Cd 
in areas adjacent to roads (Amusan et al., 2003; Faiz et 
al., 2009; Pirzada et al., 2009). It comes from lubricant 
oils and tire abrasion (Weckwerth, 2001; Ozaki et al., 
2004). In the last few decades, yearly global release of Cd 
by various sources has attained 22,000 tons (Singh et al., 
2003). The bioavailability of metals and their effects 
depend on different factors, i.e., environmental 
conditions, organic matter in soil, pH, fertilizers and plant 
species (Cheng, 2003). The concentration of metals also 
depends upon seasonal and spatial variations (Sarasiab, 
2014; Johansson et al., 2007). Metals are usually found in 
higher concentrations during warmer periods of the year 
due to high temperature (Papafilippaki et al., 2007; 
Iwashita & Shimamura, 2003). Davis & Birch (2011) 
found spatial variation of Pb, Zn and Cu concentrations 
along roadsides in Sydney, Australia. While, they found 
no temporal variation of these metals. 

Cd decreases seed germination (Abraham et al., 

2013), interferes chlorophyll biosynthesis (Vassilev et 

al., 2005), disrupts activity of many enzymes, e.g. 

catalase, peroxidase, glutathione synthase, ascorbate 

peroxidase (Vassilev et al., 2002), reduces transpiration, 

reduces or inhibits growth (Mendelssohn et al., 2001) 

and causes DNA fragmentation in plants (Baudouin et 

al., 2002). The increase in metals deposition from motor 

vehicle emissions has raised the concerns about food 

quality risks and human health. Metals emitted by 

vehicles can easily get deposited on roadside soil and 

vegetation, grazed on by animals and enter food chain 

(Ayodele &Oluyomi, 2011). 
Biomonitoring is a way to find out the hazardous 

effects of environmental pollution over a fretful region 

(Khan& Sadiq, 2005). Some plant species accumulate 

excessive heavy metal concentrations in different parts 

especially in leaves and prove very good bio indicators of 

metals pollutants in the environment (Turan et al., 2011). 

They that can be used to assess the level of toxicity in 

area (Wagh et al., 2006; Ramadan, 2003). Earlier 

researches have recognized some plant species which 

proved to be good bio indicators of metals e.g. Dalbergia 

sissoo (Naveed et al., 2010), Fraxinus excelsior L. 

(Aksoye & Demirezen, 2005), Calotropis procera (Singh 

et al., 1995), Nerium oleander (Espinosa & Oliva, 2006; 

Oliva & Espinosa, 2007) and Parthenium hysterophorus 

(Khalid et al., 2017b). In this study we have chosen five 

wild plant species for monitoring the level of Cd in soil 

along roads under study. Datura alba, Ricinus communis, 

and Calotropis procera are shrubs. Parthenium 

hysterophorus is a perennialherb and Cenchrus ciliaris is 

a grass. Parthenium hysterophorus is exotic plant species, 

while others are native to this region. 
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Punjab is the most populated province of the Pakistan 
with high traffic density. Faisalabad and Sargodha, two 
divisional headquarters are directly interconnected by a 
metallic road (FSR) having a number of residential 
settlements along it. Crushed stone is supplied all over the 
Punjab by heavy duty trucks through this road for the 
construction of buildings, however the metal pollution 
along it has not been examined. The second road, 
Motorway-2 (Pindi Bhattian to Lillah) also has special 
ecology. The traffic load comprises of cars, air-conditioned 
buses, vans, mini buses and small trucks. This road passing 
through cultivated fields and wild lands has not been 
monitored yet. Therefore, the study was accomplished to 
assess Cd pollution in vegetation caused by automobiles 
along two roads i.e., Faisalabad to Sargodha (FSR) and 
Pindi Bhattian to Lillah (M-2) with objective to find out 
spatial and temporal variation in Cd along these roads and 
to explore some good bio monitors for Cd.  
 

Materials and Methods 

 
To examine Cd pollution caused by automobiles, we 

selected two roads [Faisalabad to Sargodha road (FSR) 
and a section of Motorway (M-2), Pindi Bhattian to 
Lillah] in Pakistan (Fig. 1). Five sites at almost uniform 
distance were selected on each of two roads. Three leaves 
of five most common plant species Datura alba L. 
(Datura), Calotropis procera L.(Ak), Parthenium 
hysterophorus L. (Gajarbuti), Ricinus communis 
L.(Arund) and Cenchrus ciliaris L. (Anjan grass) growing 
along both roads were collected. The survey was 
conducted in all the four seasons of the year for the 
required sampling and data collection. The average 
temperature in study area during day time in summer, 
autumn, winter and spring was 40.1◦C, 35.5◦C, 12.5◦C and 

27.5◦C, respectively. It was not possible to collect all the 
plants at all sites during winter and autumn. Three soil 
samples from each site were also collected (0-10 cm 
depth). Plant and soil samples collected 100 m away from 
road were designated as control. All the samples were 
packed in plastic sealed bags, labelled, immediately 
placed in iced cooler and brought into the laboratory. 
Plant and soil samples dried in an oven following the 
method of Pandey et al., (2009) and digested for 
determining their Cd concentrations according to the 
methods of US - EPA (1996). For determining Cd 
contents, Inductively Coupled Plasma Atomic Emission 
Spectrometer (ICP-AES) Thermoi CAP 6300 model 
(Materials Research Laboratories, University of 
California Santa Barbara, USA) was used.  The optimum 
working range of ICP-AES for measurement of elements 
ranged from 50 PPB to 100 PPM by weight. Calibration 
was done by standard solutions of high purity standards. 
Fuel (Petrol & Diesel) samples obtained from petrol 
stations (PSO and Shell Helix), located along roads under 
study were digested according to the method of Akpoveta 
& Osakwe (2014). Soot samples were also collected from 
exhaust pipes of vehicles running on roads under study 
and digested by following Atiku et al., (2011). Cd was 
then analyzed both in fuel and soot samples by atomic 
absorption spectrophotometer (Hitachi, Z-8200, Japan). 
Traffic density (number of vehicles per day) was noted at 
each study site along M-2 and FSR on specified days 
(midweeks and weekends) for two hours.  

COSTAT (Cohort software, Berkeley California, 
USA) was used to analyze data using three way and two 
way analysis of variance (ANOVA). The Canonical 
correspondence analysis (CCA) technique was applied to 
data using Canoco computer package (Version 4.5) for 
windows to see spatial and temporal variation in data. 

 

 
 

Fig. 1. Map showing sites on M-2 and FSR; where, 1. PindiBhatian, 2. Kot Momin, 3. Salim, 4. Bhera, 5. Lillah, 6. Pull Dingro, 7. 

Chiniot, 8. Chenab Nagar, 9. Ada-46, 10. Pull-111. (Picture is taken from Google Maps). 
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Fig. 2. The concentrations of Cd (mg kg-1) in plants at various sites along M-2 (a) and FSR (b) in four seasons. 

 

Results and Discussions 

 

Plants: Plants collected from roadsides showed a marked 

contamination (p<0.001) of Cd as compared to their 

controls (Fig. 2a & b). Calotropis procera at Ada-46 on 

FSR accumulated the maximum concentration of Cd 

(0.392 mg kg-1) during summer as compared to control 

followed by the concentration of Cd in C. procera during 

autumn at Pull-111 on FSR. Datura alba, Ricinus 

communis and Parthenium hysterophorus at Pull-111 

showed significant (p<0.001) contamination of Cd during 

summer. At M-2 P.hysterophorus and Cenchrusciliaris 

accumulated the main concentration of Cd (0.294 mg kg-

1) at Lillah and Kot Momin respectively during summer. 

Among the four seasons, all the plants showed lowest 

concentration of Cd at all the sites during winter. The 

concentration of Cd varied from 0.002-0.392 mg kg-1 in 

plants. These findings are in conformity with the older 

studies (Swaileh et al., 2001; Nawazish et al., 2012). The 

observed contamination of Cd in some samples were 

above permissible limits (0.02 mgkg-1) for plants (Anon., 

1996). This metal is non-biodegradable and in humans its 

over exposure leads to bioaccumulation and it is also a 

cause of serious environmental deterioration (Su et al., 

2014). Kidneys may accumulate high concentration of Cd 

after long term exposure (Moon et al., 1999; Borjesson et 

al., 2000). Plants easily uptake Cd from roadside soils as 

compared to Zn, Pb, and Cu (Shahid et al., 2017). Shafiq 

et al., (2011) also reported a high level of Cd metal (2.96 

mg kg-1) in plant leaves along busy roads in Karachi. This 

Cd in roadside plants comes from wear of automobile 

tires due to the friction between surfaces (Weckwerth, 

2001; Ozaki et al., 2004). On the other hand, another 

group of scientists reported comparatively low (0.06 mg 

kg-1) Cd concentration in leaves of wild plants in the 

vicinity of a highway in France (Viard et al., 2004). 

Canonical correspondence analysis (CCA) biplot 

showed significant variation of Cd concentration in plant 

species within different sites during different seasons 

(Fig. 4) along Motorway (M-2). During winter, C. ciliaris 

and R. communis showed their highest Cd concentrations 

at PindiBhattian and Kot Momin respectively. Similarly, 

highest Cd concentration in C. procera was found at 

Bhera, but Cd concentration in P. hysterophorus and D. 

alba did not show any strong association with any site 

(Fig. 4a). The highest concentration of Cd in C. ciliaris 

was found at Kot Momin during summer along M-2 (Fig. 

4b), whereas, the concentrations of Cd in P. hysterophorus 

and D. alba were associated with Lillah and Salim 

respectively during summer. R. communis was weakly 

associated with Bhera for Cd concentration during 

summer along M-2. During spring and autumn, Cd 

contents in plant species did not show any strong 

association with sites along M-2 (Fig. 4c & d).  
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Fig. 3. The concentrations of Cd (mg kg-1) in soils at various sites along M-2 (a) and FSR (b) in four seasons. 

 

At Faisalabad-Sargodha Road (FSR), R. communis 
showed highest Cd concentration at Pull-111 during 
winter (Fig. 5a.). The highest Cd concentrations in D. 
alba and R. communis were seen at Adda-46 and 
Chenab Nagar respectively during spring (Fig. 5c). Cd 
concentration in P. hysterophorus and C. ciliaris did 
not show association with any site during spring (Fig. 
5c). Similarly, during autumn, no association was 
found between Cd concentration in plant species and 
sites (Fig. 5d).  

A significant spatial and temporal variation was 

noticed in the concentrations of Cd during different 

seasons. Cd was found in higher concentrations during 

summer. This might be due to the excessive wear and tear 

of tyres during high temperature and high traffic density. 

These findings are in consistent with previous findings 

(Harmens, 2007). Spatial distribution of Cd along roads 

depends upon traffic volume, road proximity, differential 

land use (Davis & Birch, 2011), vehicle emissions and 

point sources (Karim et al., 2014). Baycu et al., (2006) 

collected leaves of some tree species during spring and 

autumn from some urban areas in Istanbul. They found 

temporal variation in concentrations of Cd, Pb, Zn and Ni 

metals in two seasons as compared to control. 
 

Soil: Soil samples collected from roadsides along both 

roads showed significant (p<0.01) contamination as 

compared to their controls. Soil taken from Salim 

during spring showed the maximum contamination of 

Cd (0.45 mg kg-1) as compared to control on M-2 

followed by the concentration of Cd at Pindi Bhatian in 

autumn (Fig. 3a). This increase in Cd might be due to 

high speed of vehicles at Salim and frequent use of 

brakes at Pindi Bhattian. The level of Cd in soil (0.352 

mg kg-1) was same during autumn and winter at Lillah 

on M-2. In case of soil taken from FSR, maximum 

concentration of Cd was noted during summer at Ada-

46, might be due to high temperature (Fig. 3b). A slight 

temporal variation was found in Cd concentration at 

Pull Dingro and Pull-111 on FSR. While, strong 

temporal variation was noted at Chiniot, Chenab Nagar 

and Ada-46. Maximum concentration of Cd was 

noticed during summer (0.482 mg kg-1) as compared to 

control, while, lowest concentration was noted during 

winter (0.223 mg kg-1). Spatial variation was also 

found and significantly (p<0.05) correlated with traffic 

density. The degree of contamination depends upon 

traffic volume and brake use frequency (Kabadayi & 

Cesur, 2010). Degree of metal contamination is also 

related to high speed of vehicles (Duong & Lee, 2011). 

Kabadayi & Cesur (2010) found a range of Cd 

concentrations (0.02-6.16 mgkg-1) in roadside dusts of 

Samsun city. The levels of Cd in roadside soils of 



SPATIO-TEMPORAL VARIATION IN CADMIUM RELEASED  533 

Beijing was much higher and decreased in 

concentration gradually with increasing distance from 

road (Chen et al., 2010). Backstrom et al., (2004) 

reported a temporal variation of Cd in roadside soils of 

Sweden. In another study conducted in Islamabad, 

Pakistan, Faiz et al., (2009) found a much higher 

concentration of Cd (5 mg kg-1) in their dust and soil 

samples collected from some busy roads. Spatial 

variation of Cd was also noticed by Wei et al., (2009) 

in dust samples collected from 169 urban roadsides in 

China and it was related with traffic density. 

 

Traffic density: The concentrations of Cd both in plants 

and soils were significantly (p< 0.05) positively correlated 

with traffic density (Table 1). These findings are in 

consistence with many other studies. Vehicles are the 

main source of Cd along roadside environments and its 

concentration depends upon traffic volume (Ozaki et al., 

2002). Our results are similar to the findings of 

Deepalakshami et al., (2014) who also found the 

concentrations of Cd, Pb, Zn and Cu in vegetation along 

some highways positively correlated with density of 

traffic. Likewise, Cd metal in dust, soil and plants in 

many other studies have been presented to show the 

positive correlation with traffic volume (Madrid et al., 

2002; Nabulo et al., 2006). 

 

Fuel and soot: Soot can contribute to heavy metal 

pollution in the environment (Atiku et al., 2011a). The 

concentration of Cd in petrol and diesel was 0.01 mg kg-1 

and Cd concentration of soot was 0.5 mg kg-1, which are 

lower values as compared to Atiku et al., (2011), who 

reported comparatively higher Cd concentrations in raw 

gasoline (10.708 mg kg-1), raw diesel (3.316 mg kg-1) and 

soot (2.852 mg kg-1) in Nigeria. According to Okorie et 

al., (2010) the average concentration of Cd in soot was 

0.396 mg kg-1 which is above permissible level for air and 

water devised by World Health Organization. 

 

a. b.

c. d.

 
 
Fig. 4. CCA biplot for Cd concentrations in plant species at 

Motorway (M-2) a. Winter, b. Summer, c. Spring and d. 

Autumn. Plant species are abbreviated as Da: Datura alba; Cp: 

Calotropis procera; Rc: Ricinus communis; Ph: Parthenium 

hysterophorus; Cc: Cenchrus ciliaris. Sites are abbreviated as 

PB: Pindi Bhatian; KM: Kot Momin 

 

a. b.

c. d.

 
 
Fig. 5. CCA biplot for Cd concentrations in plant species at 

Faisalabad-Sargodha Road (FSR) a. Winter, b. Summer, c. Spring 

and d. Autumn. Plant species are abbreviated as Da: Datura alba; 

Cp: Calotropis procera; Rc: Ricinus communis; Ph: Parthenium 

hysterophorus; Cc: Cenchrus ciliaris. Sites are abbreviated as PD: 

Pull Dingro; A-46: Ada-46; CH: Chiniot; CN: Chenab Nagar; P-

111: Pull-111. 
 

Table 1. Pearson’s correlation coefficient between traffic density and Cd concentration in plants  

and soils in all the four seasons on M-2 and FSR. 

 M-2 FSR 

Summer Autumn Winter Spring Summer Autumn Winter Spring 

D. alba 0.706* 0.8445** 0.711* 0.922*** 0.722* 0.7653* 0.532ns 0.8654** 

C. procera 0.9021*** 0.8211** 0.8843** 0.881** 0.832** 0.7743* 0.8732** 0.7765* 

R. communis 0.7281* 0.8009** 0.8211** 0.657ns 0.711* 0.8253** 0.7114* 0.8876** 

P. hysterophorus 0.9141*** 0 0.722* 0.7764* 0.9266*** 0 0.332ns 0.776* 

C. ciliaris 0.8065** 0.678ns 0.771* 0.8211** 0.745* 0.7721* 0.7165* 0.7656* 

Soil 0.865** 0.743* 0.773* 0.453ns 0.763* 0.882** 0.926*** 0.825** 

*** = p<0.001; ** = p<0.01; * = p<0.05; ns = Non-significant 
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Conclusions 

 

The level of Cd metal was assessed in plants, soils, 

fuel and soot samples along M-2 and FSR. Cd 

concentrations were always higher in plants and soils as 

compared to control. In most of the plants and soil 

samples, the level of Cd is above permissible limits 

devised by WHO. The level of Cd in plants and soil 

showed a significant correlation with traffic density on 

both roads. Lowest Cd contamination was found during 

winter, while, maximum Cd values were obtained during 

summer in all the plant and most of the soil samples. 

Hence, the release of Cd depends upon temperature. 

Spatial and temporal trend for Cd was noticed along both 

roads depending upon traffic density, road proximity, 

temperature and other environmental factors. Cd was also 

found in fuel and soot. Calotropis procera accumulated 

the highest level of Cd, so it can be used for 

biomonitoring studies of Cd. Cd releases from vehicular 

emissions and result in the contamination of roadside 

environments causing toxicity. There is a need to regulate 

environmental conditions of the area under present study. 

 

Acknowledgments 

 

This project was supported by Higher education 

commission (HEC) of Pakistan under indigenous Ph.D. 

fellowship. The use of ICP-AES by MRL, University of 

California Santa Barbara is also gratefully acknowledged. 

 
References 

 

Abraham, K., R. Sridevi, B. Suresh and T. Damodharam. 2013. 

Effect of heavy metals (Cd, Pb, Cu) on seed germination of 

Arachis hypogeae. L. Asi. J. Plant Sci. Res., 3(1): 10-12. 

Akpoveta, O.V. and S.A. Osakwe. 2014. Determination of heavy 

metal contents in refined petroleum products. J. Appl. 

Chem., 7(6): 1-2. e-ISSN: 2278-5736. 

Aksoy, A. and D. Demirezen. 2005. Fraxinus excelsior as a 

biomonitor of heavy metal pollution. Polish J. Environ. 

Stud., 1(1): 2­33. 

Amusan, A.A., S.B. Bada and A.T. Salami. 2003. Effect of 

traffic density on heavy metal content of soil and 

vegetation along roadsides in Osun state, Nigeria. W. Afr. J. 

Appl. Ecol., 4: 107-114. 

Anonymous. 1996. Permissible limits of heavy metals in soil 

and plants, WHO (Geneva: World Health Organization), 

Switzerland. 

Anonymous. 2011. IARC (International Agency for Research on 

Cancer). Monographs on the evaluation of carcinogenic risk 

to humans: Cadmium and cadmium compounds. Vol. 100C, 

http://monographs.iarc.fr/ENG/Classification/Classifications  

Anonymous. 2012. Agency for Toxic Substances and Disease 

Registry. Toxicological profile for cadmium. September. 

Available: http://www.atsdr.cdc.gov/ToxProfiles/ tp.asp?id 

=48&tid=15 (2015). 

Atiku, F.A., P.O. Ikeh, U.Z. Faruk, A.U. Itodo, A. Abdulhamid 

and I.I. Rikoto. 2011a. Comparative test analysis of 

petroleum (Diesel and Gasoline) soots as potential sources 

of toxic metals from exhausts of power plants. Arch. Appl. 

Sci. Res., 3(4): 147-156. 

Ayodele, J.T. and C.D. Oluyomi. 2011. Grass contamination by 

trace metals from road traffic. J. Environ. Chem. Ecot., 

3(3): 60-67. 

Aziz, R., M.T. Rafiq, J. Yang, D. Liu, L. Lu, Z. He, M.K. 

Daud,T. Li and X. Yang. 2014. Impact assessment of 

cadmium toxicity and its bioavailability in human cell lines 

(Caco-2 and HL-7702). BioMed. Res. Int., Article ID 

839538, 8 pages http://dx.doi.org/10.1155/2014/839538. 

Backstrom, M., S. Karlsson, L. Backman, L. Folkeson and B. 

Lind. 2004. Mobilisation of heavy metals by deicing salts 

in a roadside environment. Water Res., 38: 720-732. 

Baudouin, C., M. Charveron, R. Tarroux and Y. Gall. 2002. 

Environmental pollutants and skin cancer. Cell Biol. 

Toxicol., 18(5): 341-348. 

Baycu, G., D. Tolunay, H. Ozden and S. Gunebakan. 2006. 

Ecophysiological and seasonal variations in Cd, Pb, Zn, 

and Ni concentrations in the leaves of urban deciduous 

trees in Istanbul. Environ. Pollut., 143(3): 545-554. 

Bhatti, M.F., M.I. Ashraf,Z. Masoom and S.U. Malik. 2017. Impact 

of industrial effluents on growth of dominant tree species of 

Islamabad, Pakistan. Pak. J. Bot., 49(5):1833-1839. 

Borjesson, J., L. Gerhardsson, A. Schutz, R. Perfekt, S. Mattsson 

and S. Skerfving. 2000. Kidney cadmium as compared to 

other markers of cadmium exposure in workers at a 

secondary metal smelter. Am. J. Ind. Med., 39: 19-28. 

Chen, X., X. Xia, Y. Zhao and P. Zhang. 2010. Heavy metal 

concentrations in roadside soils and correlation with urban 

traffic in Beijing, China. J. Hazard Mater., 181(1-3): 640-646. 

Cheng, S. 2003. Effects of heavy metals on plants and resistance 

mechanisms. A state-of-the-art report with special 

reference to literature published in Chinese journals. 

Environ. Sci. Pollut. Res. Int., 10(4): 256-64. 

Colvile, R.N., E.J. Hutchinson, J.S. Mindell and R.F. Warren. 

2001. The transport sector as a source of air pollution. 

Atmos. Environ. 35: 1537-1565. 

Daud, M.K., S. Ali, M.T. Variath and S.J. Zhu. 2013. Differential 

physiological, ultra-morphological and metabolic responses 

of cotton cultivars under cadmium stress. Chemosphere, 

93(10): 2593-2602. 

Davis, B.S. and G.F. Birch. 2011. Spatial Distribution of bulk 

atmospheric deposition of heavy metals in metropolitan 

Sydney, Australia. Wat. Air Soil Pollut., 214: 147-162. 

Deepalakshmi, A.P., H. Ramakrishnaiah, Y.L. Ramachandra and 

N.N. Kumar. 2014. Leaves of higher plants as indicators of 

heavy metal pollution along the urban roadways. Int. J. Sci. 

Techn., 3(6): ISSN 2049-7318. 

Duong, T.T. and B.K. Lee. 2011. Determining contamination level 

of heavy metals in road dust from busy traffic areas with 

different characteristics. J. Environ. Manag., 92(3): 554-62. 

Espinosa, A.J.F. and S.R. Oliva. 2006. The composition and 

relationships between trace element levels in inhalable 

atmospheric particles (PM10) and in leaves of Nerium 

oleander L. and Lantana camara L. Chemosphere, 62: 

1665-1672. 

Faiz, Y., M. Tufail., M.T. Javed., M.M. Choudhry and N. 

Siddique. 2009. Road dust pollution of Cd, Cu, Ni, Pb and 

Zn along Islamabad expressway, Pakistan. Microchemical 

J., 92: 186-192. 

Harmens, H., D.A. Norrisa, G.R. Koerbera, A.B.E. Steinnes and 

A. Ruhling. 2007. Temporal trends in the concentration of 

arsenic, chromium, copper, iron, nickel, vanadium and zinc 

in mosses across Europe between 1990 and 2000. Atmos. 

Environ., 41: 6673-6687. 

Iwashita, M. and T. Shimamura. 2003. Long term variations in 

dissolved trace elements in the Sagami river and its 

tributaries (upstream area), Japan. Sci. Total Environ., 312: 

167-179. 

Johansson, C., M. Norman and L. Gidhagen. 2007. Spatial & 

temporal variations of PM10 and particle number 

concentrations in urban air. Environ. Monit. Assess. 127(1): 

477-487. 

http://www.atsdr.cdc.gov/ToxProfiles/
http://www.hindawi.com/45602818/
http://www.hindawi.com/86705283/
http://www.hindawi.com/20521410/
http://www.hindawi.com/67903143/
http://www.hindawi.com/92814142/
http://www.hindawi.com/30495963/
http://www.hindawi.com/13594942/
http://www.hindawi.com/13594942/
http://www.hindawi.com/89843279/
http://dx.doi.org/10.1155/2014/839538
http://www.sciencedirect.com/science/article/pii/S0269749105006640
http://www.sciencedirect.com/science/article/pii/S0269749105006640
http://www.sciencedirect.com/science/article/pii/S0269749105006640
http://www.sciencedirect.com/science/article/pii/S0269749105006640
http://www.ncbi.nlm.nih.gov/pubmed/12943010
http://www.ncbi.nlm.nih.gov/pubmed/20937547


SPATIO-TEMPORAL VARIATION IN CADMIUM RELEASED  535 

Kabadayi, F. and H. Cesur. 2010. Determination of Cu, Pb, Zn, 

Ni, Co, Cd, and Mn in road dusts of Samsun City. Environ. 

Monit. Assess. 168(1-4): 241-253. 

Kadi, M.W. 2009. “Soil Pollution Hazardous to Environment”: 

A case study on the chemical composition and correlation 

to automobile traffic of the roadside soil of Jeddah city, 

Saudi Arabia. J. Hazard. Mater., 168: 1280-1283. 

Kammarbauer, J. and T. Dick. 2000. Monitoring of urban traffic 

emissions using some physiological indicators in Ricinus 

communis L. plants. Archiv. Environ. Contam. Toxic., 39: 

161-166.  

Karim, Z., B.A. Qureshi, M. Mumtaz and S. Qureshi. 2014. 

Heavy metal content in urban soils as an indicator of 

anthropogenic and natural influences on landscape of 

Karachi-A multivariate spatio-temporal analysis. Ecol. 

Indicators., 42: 20-31. 

Khalid, N., M. Hussain, H.S. Young, M. Ashraf, M. Hameed and 

R. Ahmad. 2017. Lead concentrations in soils and some 

wild plant species along two busy roads in Pakistan. 

Bulletin of Environmental Contamination and Toxicology. 

Doi: https://doi.org/10.1007/s00128-017-2247-7. 

Khalid, N., M. Hussain, M. Hameed and R. Ahmad. 2017b. 

Physiological, biochemical and defense system responses 

of Parthenium hysterophorus to vehicular exhaust 

pollution. Pak. J. Bot., 49(1): 67-75. 

Khan, F.I. and R. Sadiq. 2005. Risk based prioritization of air 

pollution monitoring using fuzzy synthetic evaluation 

technique. Environ. Monit. Assess., 105: 261-283. 

Li, X., C. Poon and P.S. Liu. 2001. Heavy metal contamination 

of urban soils and street dusts in Hong Kong. Appl. 

Geochem., 16(11-12): 1361-1368. 

Luckett, B.G., L.J. Su, J.C. Rood and E.T.H. Fontham. 2012. 

Cadmium exposure and pancreatic cancer in South 

Louisiana. J. Environ. Public Health, ID 180186, 11 pages. 

doi:10.1155/2012/180186. 

Madrid, L., E. Diaz-Barrientos and F. Madrid. 2002. Distribution 

of heavy metal contents of urban soils in parks of Seville. 

Chemosphere, 49: 1301-1308.  

Mendelssohn, I.A., K.L. McKee and T. Kong. 2001. A 

comparison of physiological indicators of sub lethal 

cadmium stress in wetland plants. Environ. Exp. Bot., 46: 

263-275. 

Moon, C.S., Z.W. Zhang, S. Shimbo, T. Watanabe, C.W. Lee and 

B.K. Lee. 1999. Evaluation of urinary cadmium and lead as 

markers of background exposure of middle-aged women in 

Korea: dietary intake as an influential factor. Toxicol. Lett., 

108: 173-178. 

Nabulo, G., H. Oryem-Origa and M. Daimond. 2006. 

Assessment of lead, cadmium and zinc contamination of 

roadside soils, surface films and vegetables in Kampala 

city, Uganda. Environ. Res., 101: 42-52. 

Naveed, N.H., A.I. Batool., F.U. Rehman and U. Hameed. 2010. 

Leaves of roadside plants as bioindicator of traffic related 

lead pollution during different seasons in Sargodha, 

Pakistan. Afr. J. Environ. Sci. Tech., 4: 770-774. 

Nawazish S., M. Hussain, M. Ashraf, M.Y. Ashraf and A. Jamil. 

2012. Effect of automobile related metal pollution (Pb2+ 

and Cd2+) on some physiological attributes of wild plants. 

Int. J. Agric. Biol., 14: 953-958. 

Nikula, S., S. Manninen, E. Vapaavouri and P. Pulkkinen. 2011. 

Growth, leaf traits and litter decomposition of roadside 

hybrid aspen (Populus tremula L. X P. tremuloides Michx.) 

clones. Environ. Pollut., 159: 1823-1830. 

Okorie, E., C. Olorunfemi and H. Sule. 2010. Assessment of 

some selected heavy metals in soot from the exhaust of 

heavy duty trucks and power generating plants in Nigeria 

by flame atomic absorption spectrophotometer. Int. J. Biol. 

Chem. Sci., 4(4): 1146-1152. 

Oliva, S.R. and A.J.F. Espinosa. 2007. Monitoring of heavy 

metals in topsoils, atmospheric particles and plant leaves to 

identify possible contamination sources. Microchemical J., 

86: 131-139. 

Ozaki, H., I. Watanabe and K. Kuno. 2002. Geographical 

distribution and seasonal variation of heavy metal 

concentration around Kamikochi, Chubu Sangaku National 

Park. Environ. Chem., 12(3): 571-583. 

Ozaki, H., I. Watanabe and K. Kuno. 2004. Investigation of 

heavy metal sources in relation to automobiles. Water, Air 

Soil Pollut., 159: 207-229.  

Pandey, N., G.C. Pathak, D.K. Pandey and R. Pandey. 2009. 

Heavy metals, Co, Ni, Cu, Zn and Cd, produce oxidative 

damage and evoke differential antioxidant responses in 

spinach. Braz. J. Plant Physiol. 21(2): ISSN 1677-0420. 

http://dx.doi.org/10.1590/S1677-04202009000200003.  

Papafilippaki, A.K., M.E. Kotti and G.G. Stavroulakis. 2007. 

Seasonal variations in dissolved heavy metals in the keritis 

river, Chania, Greece. Proceedings of the 10th International 

conference on Environmental Science and Technology. 5-7 

September, 2007. 

Pirzada, H., S.S. Ahmad., A. Rashid and T. Shah. 2009. 

Multivariate analysis of selected roadside plants 

(Delbergiasisso and Cannabis sativa) for lead pollution 

monitoring. Pak. J. Bot., 41: 1729-1736. 

Ramadan, A.A. 2003. Heavy metal pollution and biomonitoring 

plants in lake Manzala, Egypt. Pak. J. Biol. Sci., 6(13): 

1108-1117. 

Sarasiab, A.R., Z. Mirsalari, M. and Hosseini. 2014. Distribution 

and seasonal variation of heavy metal in surface sediments 

from arvand river, Persian Gulf. J. Marine Sci. Res. Dev., 

4(3), 150. doi:10.4172/2155-9910.1000150. 

Shafiq, M., M.Z. Iqbal, M.S. Arayne and M. Athar. 2011. 

Alstonia scholaris R. Br. and Cassia siamea Lamk as 

possible biomonitors of lead and cadmium in the polluted 

environment of Karachi city, Pakistan. J. Appl. Bot. & Food 

Quality, 84: 95-101. 

Shahid, M., C. Dumat, S. Khalid, N.K. Niazi and P.M.C. 

Antunes. 2017. Cadmium bioavailability, uptake, toxicity 

and detoxification in soil-plant system. Rev. Environ. 

Contam. Toxicol. 241: 73-137. 

Singh, N., M. Yunus, K. Srivastava, S.N. Singh, V. Pandey, J. 

Misra and K.J. Ahmad. 1995. Monitoring of autoexhaust 

pollution by roadside plants. Environ. Monit. Assess., 34(1): 

13-25. 

Singh, O.V., S. Labana, G. Pandey, R. Budhiraja, and R.K. Jain. 

2003. Phytoremediation: an overview of metallic ion 

decontamination from soil. Appl. Microbiol. Biotech., 61(5-

6): 405-412. 

Su, C., L. Jiang and W. Zhang. 2014. A review on heavy metal 

contamination in the soil worldwide: Situation, impact and 

remediation techniques. Environ. Skeptics and Critics, 3(2): 

24-38. 

Swaileh, K.M., N. Rabay, R. Salim, A. Ezzughayyar and A.A. 

Rabbo. 2001. Concentrations of heavy metals in roadside 

soils, plants, and land snails from the West Bank, Palestine. 

J. Environ. Sci. Health A Tox. Hazard Subst. Environ. Eng., 

36(5): 765-778. 

Turan, D., C. Kocahakimoglu, P. Kavcar, H. Gaygisiz, L. 

Atatanir, C. Turgut and S.C. Sofuoglu. 2011. The use of 

olive tree (Olea europaea L.) leaves as a bioindicator for 

environmental pollution in the province of Aydin, Turkey. 

Environ. Sci. Pollut. Res., 18(3): 355-364. 

U. S. Environmental Protection Agency. 1996. SW-846 Test 

Solid Waste, Method 3050B. Available: http://www. 

epa.gov/osw/hazard/testmethods/sw846/pdfs/3050b.pdf 

http://www.hindawi.com/27508514/
http://www.hindawi.com/95462827/
http://www.hindawi.com/57492027/
http://link.springer.com/search?facet-author=%22M.+Yunus%22
http://link.springer.com/search?facet-author=%22K.+Srivastava%22
http://link.springer.com/search?facet-author=%22S.+N.+Singh%22
http://link.springer.com/search?facet-author=%22V.+Pandey%22
http://link.springer.com/search?facet-author=%22J.+Misra%22
http://link.springer.com/search?facet-author=%22J.+Misra%22
http://link.springer.com/search?facet-author=%22K.+J.+Ahmad%22
http://www.ncbi.nlm.nih.gov/pubmed/11460330
http://www/


NOREEN KHALID ET AL., 536 

Vassilev, A., A. Perez-Sanz, B. Semane, R. Carteer and J. 

Vangronsveld, 2005. Cadmium accumulationand tolerance 

of two salix genotypes hydro-ponically grown in presence 

of cadmium. J. Plant Nutr., 28: 2159-2177. 

Vassilev, A., J. Vangronsveld, and I. Yordanov. 2002. Cadmium 

phytoextraction: present state, biological backgrounds and 

research needs. Bulg. J. Plant Physiol., 28: 68-95. 

Viard, B., F. Pihan., S. Promeyrat and J.C. Pihan. 2004. 

Integrated assessment of heavy metal (Pb, Zn, Cd) highway 

pollution: bioaccumulation in soil, Graminaceae and land 

snails. Chemosphere, 55: 1349-1359. 
 

Wagh, N.D., P.V. Shukla, S.B. Tambe, S.T. Ingle. 2006. Biological 

monitoring of roadside plants exposed to vehicular pollution 

in Jalgaon city. J. Env. Biol., 27(2): 419-421. 

Weckwerth, G. 2001. Verification of traffic emitted aerosol 

components in the ambient air of Cologne (Germany). 

Atmos. Environ., 35: 5525-5536. 

Wei, B. and L. Yang. 2010. A review of heavy metal 

contaminations in urban soils, urban road dusts and 

agricultural soils from China. Microchem. J. 94: 99-107. 

Wei, B., F. Jiang, X. Li and S. Mu. 2009. Spatial distribution and 

contamination assessment of heavy metals in urban road dusts 

from Urumqi, NW China. Microchem. J., 93: 147-152. 

 

(Received for publication 25 June 2017) 


