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Abstract: Due to rapid urbanization and industrialization in many countries of the world, heavy metals are continuously 

emitted into the terrestrial environment and posing great threat to human health. The present study was conducted to measure 

the concentration of six heavy metals, chromium (Cr), nickel (Ni), cobalt (Co), zinc (Zn), cadmium (Cd) and lead (Pb) in 

roadside dust of five major roads in Gujrat city. The dust samples were collected from five different locations in the vicinity of 

Gujrat. The results showed that the average concentrations of Cr, Ni, Co, Zn, Cd, and Pb in the dust samples were higher than 

their permissible limits. The concentrations of Cu, Zn, Cd and Pb were much higher than those in the background value of 

Gujrat soil. Results clearly concluded that the heavy traffic and transportation is the major responsible source of these heavy 

metals in the road dust of Gujrat city along with the transportation of sewage sludge, surface runoff from agricultural land and 

discharge of sewage water from drains. 
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1. Introduction 

Pollution is the most severe problem in developing 

countries now a day [36, 16]. Continous increasing 

population leads the pollution by using transport and 

industrialization. In urban areas, traffic is more congested as 

compared to rural areas [30]. Roads are considered as the 

second largest non-point source of pollution in all media of 

environment [44, 15]. Developed countries could combat or 

minimize traffic pollution impacts by using different 

advanced technologies and recourses because they have 

substantial economic parameters as compared to developing 

countries [18]. Anthropogenic activities, paints, petrol, 

aerosols are the major sources of traffic pollution [3]. 

In Pakistan about 38.6% is urban population [42]. Due to 

rapid urbanization the roads are loaded with high burden of 

traffic which cause more pollution in urban areas. Due to the 

deficiency of resources, poverty, lake of awareness and 

government’s perfunctory; Pakistan is struggling to control 

traffic pollution. 

The major concern of time is the emission of heavy metals 

from transportation and other means. These heavy metals has 

ability to circulate in all media of environment by bio-

magnifications and bioaccumulation. These not just pollute 

the soil but also accumulate in food plants [32, 19, 24] and 

intake by human and animals during food consumption and 

cause health related problems [35, 1]. Traffic pollution has 

emerged as a serious issue due to potential hazard on human 

health and nearby environment. Road dust could easily be 

inhaled, ingested or absorbed by human beings due to its 

small particle size [8, 9]. These persistent heavy metals cause 

potential threat to human health and safety along with 

environment. In small concentrations, some heavy metals are 

necessary for plants and human health but in excessive 

amount these are toxic [15, 5, 2]. People living or working 

near roadways, are more vulnerable to health related 

problems with respect to the people living in remote areas. 

The severe health problems which they face are asthma, 

cardiac diseases, lungs disorder (i.e. asthma, bronchitis, 
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Chronic obstructive pulmonary disease (COPD), lung cancer, 

(Pneumonia) premature deaths and brain disorder. Heavy 

metals incorporate in bio-geochemical cycle and disturbed 

the natural environment [40]. 

Recent studies reported that natural weathering of building 

material, industrial emissions, tire abrasion, mining 

processes, fuel burning at homes, metallurgical processes, 

brick kilns and heating systems inside the vehicles are also 

responsible for producing different heavy metals as a 

byproduct [43] but burning of gasoline produce more 

percentage of heavy metals. 

Climatic conditions, traffic frequency and density, 

urbanization, temperature profile and topography of that area 

are the effective factors for the distribution and 

contamination of road dust [22]. 

Keeping In view the above described scenario the present 

study was planned to estimate the concentration of six 

selected heavy metals at five different locations of Gujrat 

City, Pakistan. 

2. Material and Methods 

2.1. Study Area 

The geographical location of Gujrat city is “32
0
40’N 

latitude and “74
0
4’E” longitude. The location of study area is 

shown in figure 1. 

 
Figure 1. Map of study area. 

Soil samples were collected from five selected sites of 

Gujrat city. Samples were collected in dry season because 

rainfall may keep wet the soil present on roads and green 

belts. The samples were collected in three replicates from 

each location. Soil samples at 0-10cm depth of surface soil 

were collected in polythene bags with the approximately 

weight of 500 grams. Samples were collected during peak 

hours of traffic i.e. in between 7:30am-9:30am in the 

morning and 2:00Pm – 5:30pm in the evening. During 

sample collection, efforts were made to avoid other 

contamination, organic waste, debris material, effluents, and 

industrial wastes and manure objects that might disguise the 

outcome of motor vehicle discharge. All cores taken for a 

given sample were collected in a clean bucket and mixed 

thoroughly. As crushing is easier at right moisture level, the 

soil was passed through 2- 3 mm sieve and air dried. Samples 

were preserved at room temperature (25°C) for further 

analysis of heavy metal concentration. 

2.2. DTPA Preparation 

1.97g of DTPA (Diethylenetriamine Penta acetic Acid), 

1.1g of anhydrous CaCl2 and 14.92 g of TEA (tri-ethanol 

amine) were dissolved in approximately 800 ml of distilled 

water. DTPA requires a sufficient time on hate plate, along 

with magnetic stirrer to dissolve, and then prepare volume. 

The pH was adjusted at 7.3 with 1:1 HCl or 1:1 NH4OH 

while stirring [29]. 

2.3. Method for Soil Analysis 

25 g soil sample was taken and 50 ml of DTPA solution 

added to it. Then it was shaken continuously for 2 hours on 

horizontal shaker and then filtered to a flask. A blank 

solution (containing all reagents except soil) was run with 

samples as blank. Read each element concentration on 

concentration mode by Atomic Absorption 

Spectrophotometer (novAA 350, based in Jena, Germany) 

(At least 5 standards were prepared for each element with a 

range as following in the table 1. [15]. 

Table 1. Standards for heavy metals. 

Serial No. Heavy Metals Parameters/ Standards 

1 Lead (Pb) 0.5, 1.0, 1.5, 2.0, 2.5 ppm 

2 Cobalt(Co) 0.5, 1.0, 1.5, 2.0, 2.5 ppm 

3 Chromium (Cr) 0.5, 1.0, 1.5, 2.0, 2.5 ppm 

4 Cadmium (Cd) 0.5, 1.0, 1.5, 2.0, 2.5 ppm 

5 Nickel (Ni) 0.5, 1.0, 1.5, 2.0, 2.5 ppm 

6 Zinc (Zn) 0.5, 1.0, 1.5, 2.0, 2.5 ppm 



  Science Journal of Chemistry 2017; 5(4): 51-57 53 

 

2.4. Calculations Required 

Heavy Metal (ppm) =AAS reading x dilution factor 

2.5. Statistical Analysis 

Different procedures of statistical analysis were used to 

analyze data. All statistical analysis were done using SPSS 

(Statistical Package for Social Sciences). 

3. Results 

Concentration of different heavy metals was measured at 

five selected locations in the vicinity of Gujrat city. All 

samples were in positive value for heavy metal 

contamination in traffic congested areas of Gujrat. At 

location (A) the concentration of Pb was higher as compared 

to other heavy metals such as Pb>Zn>Cd>Cr>Co>Ni while 

Similar trend was found at location (B) where Ni 

concentration was slightly equal to the concentration of Co 

while Zn concentration was not significantly different from 

Pb. 

The location (C) has maximum value of Pb followed by 

Zn, Cd, Cr, Co and Ni respectively. Cobalt found in lesser 

quantity as compared to other heavy metals at location (D). 

The sequence can be written as Co<Ni<Cd<Zn<Cr<Pb. 

Quite similar trend found at location (E) but the 

concentration of Cd was lesser while Zn concentration was 

higher as compared to location (D) such as 

Co<Cd<Ni<Cr<Zn<Pb. 

The comparison of single heavy metal concentration at all 

locations is given in Figure 3. Almost all samples were is 

positive value of selected heavy metals while Pb 

concentration was found higher at all locations and Kachari 

Chowk holds the maximum concentration of Pb while other 

locations were not significantly different from each other. 

Cobalt concentrations were found lesser at all locations and 

were not significantly different to each other. Zinc holds 

second highest concentration at all locations but not 

significantly different from each other except Kachari and 

GTS chowk. Cr and Cd were found almost in same range of 

concentrations at all locations. Ni concentration was lesser at 

Fawara chowk while found highest at Kachari chowk. 
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Figure 2. The concentration of lead (Pb), cobalt (Co), chromium (Cr), cadmium (Cd), nickel (Ni) and zinc (Zn) at Fawara Chowk (A), Jail Chowk (B), 

Katchari Chowk (C), GTS Chowk (D) and Service Morr Chowk (E). Values are means of three replicates ± S. D. Different small letters on bars depicts that 

values are significantly different from each other at p≤0.005. 

 

Figure 3. The concentration of lead (Pb), cobalt (Co), chromium (Cr), cadmium (Cd), nickel (Ni) and zinc (Zn) at Fawara Chowk, Jail Chowk, Katchari 

Chowk, GTS Chowk and Service Morr Chowk. Values are means of three replicates ± S. D. Different small letters on bars depicts that values are significantly 

different from each other at p≤0.005. 

4. Discussion 

Assessment of heavy metals is becoming an important tool 

to determine the quality of traffic pollution at a specific point, 

both in rural and urban environments. The concentration of 

heavy metal is more in traffic congested areas. Traffic 

volume is increasing by public dependence more on their 
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private transport. This dependence or leasing of private 

transport cause more transport, more fuel consumption and 

eventually more traffic pollution [38]. In developed countries 

there is proper legislation for monitoring and tuning of 

vehicles on regular basis. This constant increase in number of 

automobiles lead to more traffic load on roads and cause 

traffic jams due to which more pollutants released into the 

atmosphere. The seasonal changes affect the contamination 

of heavy metals in road dust such as, heavy metal 

concentration is more in normal to dry season, while in rainy 

season these spread/thresh away along with water and diluted 

[33, 25]. 

The current study involved the monitoring of different 

heavy metals, from road dust during the peak hours of traffic. 

The traffic volume changes along with school and office 

timings. i.e. from 7:30am to 9:30am in the morning and 

2:30pm -5:30pm in the evening. Traffic stampede was found 

to be increasing gradually and a bit higher concentration of 

heavy metals was recorded. In current study the most 

elevated level of lead was at location L3 Kachari Chowk (Fig 

2 & 3). Contamination level of Pb is at elevated levels in 

metropolitan areas [23] when large number of vehicles 

passed at the timing of rush hours [12]. The heavy metals 

emitted from automobiles exhausr dispersed in the 

atmosphere and then accumulated in the surrounding 

environment, plant, fruits (which kept by vendors in open air) 

[21, 37]. Further these heavy metals taken up by human 

beings and biomagnified in food chain and food web [39, 

31]. Approximately 3600 automobiles passing through this 

point which includes, rickshaws, motor bikes, cars, 

buses/mini buses, hiace/bolan etc. Lead also entered into the 

atmosphere by wind erosion, during sludge transportation 

and sludge extraction. A study was conducted by yang. 

(2011) that Pb contamination was due to over urbanization 

and industrialization but in current study this might be due to 

congested traffic pollution [45].  

In current study the level of Co contamination was also 

least as compared to other selected heavy metals. General 

source are mining and industrial wastes, vehicle emissions, 

lead-acid batteries, fertilizers, paints, treated woods, plastics 

floating in rivers and drains [20, 34]. Cobalt can accumulate 

to toxic levels in the liver, kidney, pancreas, and heart, as 

well as the skeleton and skeletal muscles [6]. Cobalt has been 

found to produce tumors in animals and is likely a human 

carcinogen as well. Occupational exposure to cobalt powder 

has been linked to vision, asthma and hearing problems [41].  

The adjacent areas of Gujrat city are more congested in 

tannery industry such as Sialkot and Gujranwala. The waste 

water coming from these cities through drains and also 

transportation of the tannery trough the Gujrat city is the 

major source of Cr in roadside dust. Aydin et al. (2006) 

reported that elevated level of Cr was due to industrialization 

but in current study it might be due to tannery industry and 

its transportation by roads [14]. These are carcinogenic in 

nature and affects public health [27, 11]. 

Automobile emissions are the major source of Cd 

contamination [26]. Inhalation exposure of Cd can occur 

from road dust. Prolonged exposure to Cd can cause severe 

toxicity in humans. Mostly Cd affects the kidney and lungs 

of human beings [4]. 

According to Eisler (2007) nickel contamination mainly 

originates from industrial and traffic pollution [17]. 

According to Doung and Lee. (2011) atmospheric dispersion 

and frequently brake use were additional factors in nickel 

contamination [13]. Nickel moves along with food web by 

bio-accumulation and bio-magnification that cause several 

diseases such as skin allergy, lung and cardiovascular 

diseases [10, 25]. 

At L2 (jail chowk) number of hospitals and pharmacies are 

more as compared to other locations, so that’s why zinc is 

released from hospital waste and pharmaceutical waste 

(Figure 3). Approximately 372 automobiles passing through 

this point per hour which includes cars, motor bikes, 

rickshaws, hiace and buses etc. Zn released in atmosphere 

and affects human health and also causes damages to 

environment [28]. 

5. Conclusion 

The results of present study concluded that the 

concentration of selected heavy metals, Pb, Co, Cr, Cd, Ni 

and Zn were found in roadside dust of Gujrat City which 

clearly indicated that the heavy traffic and transportation is 

the major responsible source of these heavy metals along 

with other sources. There is need to develop and implement 

the proper legislation for the monitoring and maintaining of 

automobile vehicles and transportation of waste material. 
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