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Abstract 
 
Road “dust can affect the environment and people health when contains a 

higher concentration of heavy metals. Total of 86 samples were collected 

from roadside dust that representing different activities selected urbanization 

active in 40, 60, and 80 streets of Hilla city to analyze elements Pb, Cd, Ni, 

and Cu” during two seasons, dry and wet. The lead was the very available 

metals in the dust of all areas also found a clear seasonal impact of street dust 

emissions, with greater emission in dry, probably due to reducing pavement 

moisture. The maximum concentration of lead which was199.97mg/kg in 40 

street during dry weather. While wet weather, the minimum concentration for 

the “lead also that was 85.62 mg/kg was found in 60 street. The heavy traffic 

and the emission of cars, fuel station, as well as anthropogenic” sources 

different from residential and industrial activities, caused increasing of lead 

concentration. Also might be attributed to the wide use of lead gasoline in 

Hilla city.  Analysis of metal concentration is revealed that contribution of 

human activities, industrial emissions, and traffic are involved in the streets 

of Hilla” dust. “The contamination factor (Cf) discovered that street dust is 

greatly contaminated by Pb, then that contaminated by Ni, Cd, and Cu” 

during dry weather especially at the industrial, residential and traffic region. 

Lead and *Cadmium displayed more prominent environmental dangers than 

some other metals. These outcomes are critical for the “advancement of  
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proper management strategies to reduce““non-point source” contamination 

by different remediation ways. 

 
Keywords: Hilla, Street Dust, Heavy Metals, Season Variation, and 

Pollution Indices. 

 

1 Introduction 
 

Roads identified as „the second biggest non-point source of making 

contamination in the region environment [5]. “Anthropogenic sources of 

metals depend on “industrial emission (like power plants, metallurgical 

industries, auto repairs, etc.), traffic emission (like car “exhaust particles, 

tire, and brake lining wear” particles, and weathered street asphalt particles), 

building and pavement erosion. Pb, Cd, and Ni are reasonable indexes of 

contamination in urban roadside dust due to having anthropogenic sources 

[6]. Road dust is of special significance here for two major causes. “Firstly, 

inhaled road dust by those crossing the roads and those staying within the 

vicinity of the streets. Second, road dust is one of the main mediums that 

heavy metals travel through “into soils and surface and underground water 

through rains and subsequently living tissues of human, plants, and” animals 

[3]. The increased the dust on roads become polluted with metals, the 

increased that people are exposed to the health hazards linked for these 

metals [13]. In past years, there is increasing “regard for the potential 

contribution of ingested dust to metal poisonousness in persons.  The major 

goal of this research was to [1] calculate the concentration of heavy metal in 

the road dust samples collected from three main streets in the city of Hilla. 

[2] To provide the scientific foundation for the composition of road dust as 

an indicator for the effect of areas activities on the metal content. [3] To 

“assess the cases of heavy metal contamination and identify the overall 

potential ecological risk of observed metals in street dust because of various 

activities” in Hilla city. 

 

2 Literature Review 

 

“ Some previous studies have been carried out in road dust wherein the 

children are more “sensitive to contaminant-bearing” dust. The “health 

effects of poisonous metals in atmospheric” and roadside dust on peoples are 

better estimated if one considers the reality that an "active person typically 

breathes in “10,000 L to 20,000 L” of air daily [12]. In *the environment, 

Particulates of small sizes causes negative effects on health and exposed 

resident people; especially in urban sites. In addition, the chemical 

composition and particle size of dust could identify the large effect of dust on 

“air quality, public health, and” climate” [1]. Metal “pollutants as Pb, *Cd, 

and /Ni have accumulative impacts caused outgrowth to retard in kids, 

kidney sickness, cancer, and many other adverse health effects. 
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3 Methods and Methodology 
 
3.1 Study Area 
 

“Hilla is an Iraqi city and the center of the province of Babylon. It is 

situated between (44.43) longitudes and (32.48) latitude with a population of 

970 thousand people, according to the census in 2015.  Hilla and its affiliated 

cities contain many religious and archeological sites, Babylon ancient 

archaeological city which is the cradle of civilizations because it was one of 

the first cities where human” civilization, and the first achievements of 

human civilization, such as law, police, schools, and others. The three main 

streets in Hilla (60, 40 and 80) a large portion of the vehicle running on the 

roads using gasoline and diesel. Huge numbers of people traveling daily on 

these roads were exposed to its dusty environment. A map showing samples 

point‟s location was presented in Figure (1). These streets are “the busiest 

and most heavily loaded traffic pathway in Hilla city. The zone surrounding 

those streets is a quickly developing residential, commercial and industrial 

area where high- rise buildings are also under construction. 

 

 
Figure 1 Description of Hilla Street 40, 60 and 80 

 

3.2 Samples Collection and Digested  
 

Road “dust samples were taken from 43 locations of Hilla streets 

represented (13, 13 and 17 samples) from 40, 60, and 80 streets” 

respectively.  
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The 86 total samples were taken in two different seasons of the year dry 

and wet. “Road dust samples were collected below steady climate condition 

during the season of dry weather August 2018 and September 2018 and wet 

weather December 2018 and January” 2019. The selected “locations for street 

dust estimations to represent various activities influencing the city condition, 

for example, residential, different traffic density, and commercial regions and 

are spatially dispersed over Hilla” city and with different effects of industrial 

sources and normal. In addition to “collected in the morning hours between (6 

am -7 am) although the dust has stable well during the night and before 

heavy morning traffic motion that may allow dust emitted into the 

atmosphere during the day to settle”[1]. Wet samples were left to dry at room 

heat for ten days. The roadside dust samples consisted of a variety of dust 

particle sizes ranging from large grit to aerosol particles. The fraction of the 

dust that passed through sieve number *200 sizes *75µm is utilized for the 

analysis by using the atomic absorption spectrophotometer (A/A*S) standard. 

The samples “were then taken to the laboratory for further processing and 

analysis. According to Harrison* and Perry [8], 1g of each of the sample was 

digested utilizing HNO3* and HCl mixture” (v/v, *1:3). Samples were heated 

carefully and quietly. Then a process of filtration was done by washing, the 

filter paper many times with “distilled water” to ensure the descent of the 

entire sample by utilizing “Whatman filter paper *(42).    

 

3.3 Assessment of Metal Pollution  

 
According to Hakanson[7]“the contamination factor [Cf], and degree of 

contamination [Cd]”were defined as follows: 

  Cf =      ;             
Where Cs is the concentration of heavy metal in the street dust and (Cb) is the 

background value of heavy metal in the unpolluted soil. Håkanson [7] 

proposed four proportion of Cf to assess the metal pollution levels as 

follows: “low (Cf <1), moderate (1 ≤ Cf < 3), considerable (3 ≤ Cf < 6), and 

very high (6 ≤ Cf) contamination levels. According to Duong and Lee,[4] 

that classified categories of degree of contamination was used to estimate 

metal pollution levels as follows: “low (Cd < 5), moderate (5 ≤ Cd < 10), 

considerable (10 ≤ Cd < 20)”, and very high contamination (20 ≤ Cd).  

Tomilson et al.,[15] describes the “pollution load index "PLI" in each side for 

the extent of metal contamination by utilizing the method depended on as 

follows: 

P𝐿𝐼= (Cf1 *Cf2*…..Cfn)
 *1/n       

Where n, represented a number of heavy metal calculated and Cf is the 

contamination factor. While, Müller[10] describe geo-accumulation index 

(Igeo) by the next” equation:       

Igeo = log2 [Cs/ (1.5Cb)]  
Factor (1.5)*“was used because of differences in background values for a 

specified heavy metal in the environmental, in addition, an anthropogenic 
impact.  Müller[10] categorized Igeo for each metal to five categories ” and 

Table 1 explained that  degree of geo-accumulation index pollution  
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and potential ecological risk of toxic metals. The potential risk index can be 

obtained as follows: 

           ;             
Where “Tr indicates to the “toxic-response” factor for heavy metal. 

Håkanson [7] proposed that the Tr amounts for Cd, Cu, Ni, and Pb, are 30, 5, 

5, and 5 “respectively.  
 

 “Table 1 The Degree of Geo-Accumulation Index Pollution and Potential 

Ecological Risk of Toxic Metals” 

 

 
““(1) Müller [10]; (2) Håkanson [7]; (3) Shi et al.[14]. 

 

4  Result and Discussion 
 
4.1 Concentration of Heavy Metals in Urban Activities Area 
 

Street dust in Hilla city gets inputs different of anthropogenic metals 

from an assortment of mobile and fixed sources, for example, car traffic, 

industrial plants.   The diffuse pollution of dust close to the “street with metal 

elements due to leaded gasoline, diesel fuel, and tire abrasion [2]. Heavy H 

metals “can enter the soil by various sources like traffic, emissions from 

industrial, burning of fuels and municipal” wastes. Lead “Pb” and copper 

“Cu” appear to be major linked with traffic, *Pb coming from the 

combustion of lead fuel, Cu deriving from brakes” [16]. Nickel can have a 

natural contribution to the soils. As well as, other sources of these metals can 

be metallurgical industries, heating plants, traffic, and car factories. In 

addition, other scattered spread contamination sources like incinerators. 

([11],[17]).Heavy H metal concentrations of the Hilla city were summarized” in 

Figures 2, 3, 4, and5.  „Concentrations of four metals “Pb, Cd, Cu, and Ni” 

were measured in street dust collected from different” activities. 
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4.1.1 Traffic Area 
 

During two seasons, Figure 2 explained the *concentration “Pb, Cd, Cu, 

and Ni” in the traffic area. In dry weather, concentrations Pb and Cu were 

obtained 199.97mg/kg, 58.54mg/kg respectively in samples No.3 represented 

(The Mother‟s Round). While a high concentration of Ni, which was 

70.75mg/kg samples No. 5 represented (AL-batool Bridge). In addition to a 

high concentration of Cd, which was 0.67mg/kg in samples, No. 2 represents 

(Center 40 street). While wet weather, “explained that a low heavy metal 

concentration compared with dry weather. The high concentration for Pb* 

which was185.59 mg/kg in samples No.2 represents (Center 40 street). 

“Concluded the major lead source may be directly linked to emissions from 

the exhaust automobile and the used of leaded gasoline. However, it is 

generally agreed vehicle exhausts were high levels of lead were all samples”.   

       

 

 
 

Figure 2 Concentration of Heavy Metal in the Traffic Area”  

(A: dry, B: wet)”. 

 

4.1.2 Industrial Area 

 
Figure 3 explained the concentration* of heavyh metals Pb, Cd, Cu, and Ni 

in industrial areas during two seasons. in dry weather, was represented a high 

concentration of Pb and Cu 174.27mg/k, 55.23 mg/kg respectively” in  
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samples No.1and 4 that represented (Cars repair workshop). The 

concentration of Cd* and *Ni, which were 0.35, 56mg/kg respectively in 

samples No.6 and7 represented in the (fuel station). While “wet weather, the 

concentration of the heavy metals Pb, Cd, Cu, and Ni which were132.83, 

1.18, 14.41 and 27.76mg/kg respectively”. “The result indicates a high 

concentration of the elements of an industrial area due to the fuel station and 

car repair workshops”. 

 

 

 
Figure 3 Concentration of Heavy Metals in the Industrial Area (A: dry, B: wet)”. 

 

4.1.3 Residential Area 
 

Figure 4 explained “concentration heavyH metals in the residential area 

during two seasons. In dry weather, a high *concentration P*b, *Cd, Cu, and 

*Ni, which were 197.76, 0.37, 55.62 and 55.49 mg/kg respectively. While wet 

weather, a high concentration Pb, Cd, Cu, Ni, which were 168.70, 1.18, 26.7, 

and 27.3 mg/kg respectively. Note that “residential areas in both dry and wet 

samples have an increase in racial concentration and are a low-activity 

compared with higher activities such as parking lots and mechanical 

workshops (industrial zones)”. A “highest levels of heavy metals” were found 

in the samples of a residential zone and streets with high traffic [15]. As well 

as, the lowest “levels” of heavy metals were found in the samples of health 

centers” and from school gardens. The reduction in the arrangement of metal 

abundance from places of greater activities to the place of less “activity may 

be because of the reduction in vehicle emissions, traffic volume, industrial 

activity, and other related issues”.  
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Figure 4 Concentration of Heavy Metals in the Residential Area” (A: dry, B: wet) 

 

4.1.4 Commercial Area  

 
The “concentration heavy Hmetals of commercial* areas represented in 

Figure 5, during two seasons. In dry weather, a high “concentration of Pb, 

Cd, Cu* and Ni* which were 178.63, 0.53, 58.05and 53.63mg/kg 

respectively. While wet weather, the high “concentration of the heavy metals 

Pb, Cd, Cu, and Ni which were 164.84, 1.42, 22.37and 27.45mg /kg 

respectively. The heavy hmetals “are one of the very important 

environmental troubles results of emission from anthropogenic activities” 

[1]. Recently, “there had a raised hazard identifying with the heavy metals 

caused poisonous a high in the environment as well as the metals may not 

pollute the environment only but entered the food* series from soils”. 

“Exposure to the metals in enough amount can have dangerous on human 

health. The “results reveal” that the metal concentration raised as per the 

activities of the sampling sites. 

 
                    A: dry 
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B: wet 

Figure 5 Concentration of Heavyh Metal in the Commercial Area (A: dry, B: wet) 

 

4.2“Assessment“of the Roadside Dust in Urban* Areas” 
 
4.2.1 Contamination Factor* 
 

 Figures 6 and 7 explained minimum and maximum value for the 

“contamination factor in urban areas during two seasons. In dry weather, 

figure 6 was represented max value for *Pb, which was very contamination 

levels, (6 ≤ Cf) in all active” area. The min value for Pb range between 

3≤CF<6, that considerable contamination”. Contamination* factor for Pb is 

“considerable and very contamination that resulted active from heavy traffic, 

fuel station and urban” actives. In wet weather, Figure 7 represented low 

contamination for Cu* and Ni in all active area.   While Cd, which was 

considerable contamination. The “result showed that traffic density is the 

main contributor to pollution”. 

 
 

Figure 6 Contamination Factor in Active Areas During Dry Weather 

 

 
Figure 7 Contamination Factor in Active Areas During Wet Weather. 
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4.2.2 Igeo*_Accumulation Index* (Igeo)”  
 

The calculated “geo_accumulation (Igeo) values during two seasons and 

represented in Figures 8 and 9.  Igeo*explained for metals Cu* and Ni during 

“two seasons were the negative value indicated that these metals did not 

pollute the soil as according to the pollution classification” of Müller [10]. In 

dry weather, Cd range between unpolluted, to a moderately pollution in wet 

weather. The result “showed for Pb the moderate polluted level during two 

seasons”. Igeo*“indicated that pollution which at most produced from traffic, 

industrial, and residential activities”. 

 

 
 

Figure 8 Igeo*Accumulation Index In Active Areas During Dry Weather 

 

 
 

Figure 9 Igeo*Accumulation Index In Active Areas During Wet Weather 

  

4.2.3 Polluted* Load Index (PLI)” 
 

During two seasons, Figure 10 explained the maximum value for 

pollution loaded index (*PLI>1) in samples location. While the minimum 

value that PLI<1, is not polluted in all active areas. The “results explained 

that all the location show indications of “contamination* or worsening” 

except some samples are moderate polluted level.  HeavyH metal 

“concentrations would have the highest possibility of being influenced by 

non-*point anthropogenic sources like traffic emissions including “car 

exhaust particles, tire, and the brake lining to wear particles, and weathered 

road asphalt particles” [6]. 
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Figure 10 Pollution Load Index* In Active Areas During Dry And Wet Weather 

 

4.2.4 Degree of Contamination  
 

Figure 11 explained the “degree of* contamination of all active areas 

during two seasons. The maximum value for the degree* of contamination in 

two seasons was “represented considerable pollution because samples location 

were very actives from heavy traffic and petrol station ”. While minimum 

value was represented moderate pollution. These “results explained the 

highest degree of pollution especially at traffic streets, residential and 

industrial regions”. 

 
 

Figure 11 Degree of Contamination* In Active Areas During Dry And Wet Weather 

 

4.2.5 “Ecologic* Risk Factor (Er)”” 
 

During two seasons, the “ecological risk assessment results from 

poisonous “heavy Hmetals” in street dust were explained in Figures 12 

and13. During dry weather, the max value for Pb was of “40≤ Er≤80” in all 

areas while the high value for Cd in traffic and commercial area only. While 

Cu and Ni the Er<40” in all region that considered low ecological risk. While 

wet weather Pb, *Cu and Ni was “showing low ecological risk in all urban 

area. In wet and dry weather, Er valued for Pb and Cd, which were showed 

moderate pollution”. From the “four categories of activities, traffic and 

industrial regions experience the most serious” pollution.  Also, “from the 

studied metals, lead and *Cadmium presented higher ecological risks than  
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any other metal, due to their higher poisonous coefficient”. 

 

 
 

Figure 12 Ecologic Risk* Factor In Active Areas During Dry Weather 

 

 
 

Figure 13 Ecologic Risk* Factor In Active Areas During Wet Weather 

 

4.2.6 “Potential* Ecological, Risk Index (RI)” 
 

During two seasons, Figure 14 explained “the risk index of active areas. 

In dry weather, RI that was low than 150 represents a low ecological risk”. 

While wet weather, “RI* was a range of a low to moderate risk in samples 

were represented heavy traffic and urbanization activities”. The “risk index* 

continued the activities in the street, “car emission and industrial activities” 

such as a petrol station. “Dangerous of lead* (Pb) and cadmium (Cd) had 

fully documented as toxic to the human body. “Kidneys are the main target 

organ for accumulative poisonous metal exposure to cadmium” [9]. 

 
 

Figure 14 Potential Ecological, Risk* Index in Active Areas 
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5 Conclusions and Future Work 
 

The heavyH metals concentrations* varied from site to other, overall the 

“concentration of metals followed the order: heavy traffic> residential 

>industrial> commercial”. The levels of the heavy* metals showed wide 

variations Pb* recorded the highest concentrations among the metals of a level 

of 199.97mg/kg of the traffic area. While in a residential* area which was 

concentration 190.76mg/kg.  The “results of the current work indicate that 

street dust within Hilla contains higher concentrations of elements reflecting 

the contribution of “car traffic, residential, commercial and industrial ” 

activities. The study explained examined metals in road dust are not evenly 

distributed everywhere and metals concentration in the current study was in 

the order of “Pb > Ni > Cu > Cd”. 

“Pollution valuation depended on pollution indices showed that street dust 

was highly contaminated by Pb. According to “their high degree of 

contamination, particularly at the main traffic road and industrial” areas. 

“Recommendations, “the road dust contains a high level of Pb in the 

environmental and generally, their levels raised with growing traffic size and 

industrial “emission in urban regions. However, work in the future may 

require a detailed study of the correlation between the number of cars and 

road dust pollution for added fact*-finding””. 
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