
4, 2021No. 7er Vol.paP searchRe Industries (JJECI)                        ChemicalEngineering and  of nalrJordanian Jou 

23 
 

 
Pollution Characteristics and Ecological and Human Health Risk 

Assessment of Toxic Elements in Fallout Dusts of Ma'an District 

Schools 
Mohammad Batiha*1), Leema Al-Makhadmeh2), Saleh Rawadieh1), Marwan Batiha1), Muawia Alqasaimeh3), Aseel 

Alhasan1), Aseel Atalah1), Maria Abo Aljoud1), and Salah Nasralah1) 
1)Chemical Engineering Department, Faculty of Engineering, Al-Hussein Bin Talal University, Ma’an, 71111, Jordan. 
2)Environmental Engineering Department, Faculty of Engineering, Al-Hussein Bin Talal University, Ma’an, 71111, Jordan. 
3)Chemistry Department, Faculty of Science, Al-Hussein Bin Talal University, Ma’an, 71111, Jordan. 

 

 

Abstract 

The main goals of this paper were to (i) analyze the fallout dust deposits collected from 16 schools in the Ma’an 

district in Jordan and study their pollution characteristics and (ii) assess the ecological and human health risk of 

potentially toxic elements (PTEs) exposure to these dusts. Elemental and mineralogy analyses were conducted using 

X-ray fluorescence and diffraction techniques. The most abundant major elements in the dust were Ca, Si, Fe and Al, 

while the main minerals were carbonate and silicate indicating the detrital sedimentary origin of the dust. The 

pollution level was assessed using the enrichment factor, contamination factor, geo-accumulation index, the 

Nemerow integrated pollution index and pollution load index, which were in the order of Zn>Pb>Cu>Cr>V>Mn=Fe. 

The potential ecological risk results showed a very low ecological risk. For children and adults, both carcinogenic and 

non-carcinogenic health risks related to ingestion, dermal contact and inhalation of fallout dust were assessed. 
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Introduction 
 
Human health is affected by many pollutants emitted into environmental media (air, water, soil), which they are originated from 

natural and anthropogenic sources. Such undesirable effects can be classified as direct (i.e., affecting man) or indirect (i.e., being 

mediated via resource organisms or climate change) (Rai 2016). One class of these pollutants is toxic heavy metals (HMs), which 

are considered potentially toxic elements (PTEs). There are many sources of PTEs in air compartments, such as fallout dust, 

vehicle exhaust and traffic emission, industrial plants, city construction, contaminated soils, atmospheric dispersion, earth crust, 

mining, urban runoff, and sewage discharge (Manno et al., 2006). HMs toxicity is a major threat and causes several health risks 

and is considered harmful for the human body and its proper functioning. They cause various disorders and excessive damage 

due to oxidative stress induced by free radical formation (Jaishankar et al., 2014). Also, they accumulate in the body tissues and 

threaten their health. In addition, they affect the immune system, the central nervous system, the circulatory system and other 

organs. After long contact time, they also may cause cancer (Gope et al., 2017; Shabbaj et al., 2018). PTEs enter human beings 

by inhalation, ingestion and dermal contact; oral ingestion is the most critical exposure pathway (Li et al., 2017). In addition, 

PTEs adversely affect the ecological environment (Chen et al., 2018; Saleem et al., 2018).  

Metals exist naturally in the earth’s crust with different spatial variations of surrounding concentrations (Khlifi et al., 2013). Soils 

are the major sink for metal contaminants (Kirpichtchikova et al., 2006). Dust particles with size≤50 m are entrained with air 

and meteorological parameters such as wind direction and speed affect dust particles movement. 
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Most searches study extensively Cd, Cu, Pb, Zn, Ni, As, and Hg concentrations. Since Cd, Cu, Pb and Zn appear in gasoline, car 

components, oil lubricants, and industrial and incinerator emissions, they are considered as good indicators of soil contamination 

(X. Li et al., 2001). Heavy metal from anthropogenic sources mostly concentrates in the fine grain-size fraction. Fine grains have 

a larger surface area resulting in higher cation exchange capacity and subsequent metal adsorption (Horowitz and Elrick 1986; 

Yeats and Bewers 1982). Many workers reported an association of heavy metals with finer size fractions (Robertson and Taylor 

2007; Singh et al., 1999). Potgieter-Vermaak et al., (2012) suggested to characterize the molecular composition of the fine 

fraction of non-exhaust emission dusts. These particle-bound airborne transition metals might produce reactive oxygen species in 

the lung tissue of children and adults with oxidation stress potential of particles higher than that of diesel exhaust particle 

emission. Dry or wet sieving methods can be used for the size fractionation of sediment grains. De Groot et al., (1982) found that 

dry sieving is faster and better than wet sieving, it can also adequately assess metal content variation in different sediments.  

 

Literature is saturated with studies on exhaust emissions and their ecological and human health risks. Research on exhaust 

emissions has been conducted over the past 50 years, which resulted in technological advances causing reduced emissions from 

combustion engines (Al-Makhadmeh et al., 2018; Al-makhadmeh et al., 2017; Boyle 1996; Pant and Harrison 2013; Sydbom et 

al., 2001). In contrast, there is a limited number of studies on non-exhaust emission sources that consider both ecological and 

human health impacts (Adamiec and Jarosz-Krzemińska 2019; Amato et al., 2014). At the same time, there is a lack of 

technological advances or legislative measures that could reduce non-exhaust emissions. Therefore, this study aims to (i) 

characterize the fine grain-size fractions of the fallout dust deposits collected from 16 schools in the Ma’an district in Jordan and 

identify their pollution characteristics and (ii) assess the ecological and human health risk of PTEs exposure to these dusts. In 

addition, one of the intents of this work is to help the decision-makers implement the proper measures that could improve the 

environmental conditions in the study area. Elemental and mineralogy analyses are conducted using X-ray fluorescence (XRF) 

and X-ray diffraction (XRD) techniques. For a better understanding of the origin and physical and chemical properties of dust, a 

particle size distribution test is conducted. Pollution level is assessed using enrichment factor, contamination factor, geo-

accumulation index, the Nemerow integrated pollution index and pollution load index. The potential ecological risk is addressed 

using the risk factor suggested by Hakanson (1980). For children and adults, both carcinogenic and non-carcinogenic health risks 

related to ingestion, dermal contact and inhalation of fallout dust are assessed using hazard quotient and hazard index. 

 

1 Materials and Methods  
 

1.1 Study area 

Ma'an governorate includes four districts, 

namely Ma’an, Petra, Shobak and 

Huseiniya. It covers the largest area 

among the 12 governorates of the 

Hashemite Kingdom of Jordan with a total 

surface area of 32832 km2 (37% of the 

total area of Jordan) and has relatively low 

population density of 5.2 people per km2. 

The estimated population in Ma’an 

governorate was 179300 at end-year 2020, 

which accounts for 1.7% of the total 

population in Jordan. It is located 220 km 

southwest of the capital Amman (Figure 

1). Ma’an governorate is located at 

latitude 3010 N and longitude 3547 E 

within the world solar belt with almost 

300 sunny days per year. Among the four 

districts, Ma’an district was selected as a 

study area. The estimated population in 

Ma’an district is 99320 at end-year 2020 

(Statistics 2020). It lies 1069 m above sea 

level and is characterized by an arid 

climate with a mean annual temperature of 

18.8C, mean annual rainfall of 10.1 mm, and mean annual relative humidity of 47.8% (Meteorology 2017). 

 

 

 
Fig. 1 Map showing the study area and sampling sites (Source: Google Earth). 
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1.2 Sampling 

 

As listed in Table 1 and shown in Fig. 1, 16 fallout dust samples were collected in April 2022 from different schools located 

within the Ma’an district. To avoid re-suspension of very fine dust during sampling, samples were carefully collected using 

plastic brushes and dustpans. Each sample was made from five fallout dust mixtures collected from the various external 

impervious surfaces of each school. The samples were air dried at 40C and then screened through a 2 mm sieve to remove any 

extraneous materials (stones, debris, waste plastic, leaves, hair, etc.). Then, they were kept in self-sealing bags and stored in a 

refrigerator at 4°C until the analysis. 

 

1.3 Particle-size distribution 

 

For a better understanding of the origin and physical and chemical properties of dust, a particle size distribution test was 

conducted. Dust samples were screened using dry vibratory sieving and fractionated into the following eight grain-size ranges: 

180–200, 150–180, 125–150, 106–125, 75–106, 38–75 and <38µm. 

 

1.4 Dust characterization methods 

 

In this study, the pan fractions (i.e. dust with grain size <38µm) were selected for elemental and mineral analysis; because dust 

with finer size fraction is easy to inhale, ingest and adsorb through the skin. Also, in the grain-size fraction <63µm, the 

concentrations of heavy metals are 1–3 times higher than fractions with higher sizes (Robertson and Taylor 2007; Singh 2011). 

Dust samples were characterized for their chemical (elemental) composition using XRF (EXD-7000, Shimadzu Corporation, 

Japan). Minerals are best determined using XRD technology, which is phase phase-sensitive technique compared with XRF 

which is chemically sensitive. Hence, mineralogy analysis was conducted using XRD (LabX XRD-6100, Shimadzu Corporation, 

Japan). Dusts were crushed in agate mortar to a very fine powder. A computer-controlled Hiltonbrooks® generator with a 

Philips® PW 1050 diffractometer with an automatic divergence slit, and Cu anode producing X-rays of wavelength λ=1.54056 Å 

was used. The diffractometer was operating at voltage 40kV and current 20 mA, and automatic routines allowed scanning for 

values 2θ from 10° to 90° using a step size of 0.02° and scan speed of 2°/min. Phases were identified using the X’Pert High 

Score database with PDF02. We performed the analysis in triplicate and used the mean. These analyses were performed at the 

scientific research lab at Al-Hussein Bin Talal University, Jordan. 

 

Table 1 Sampling sites with their geographic coordinates 

Sample ID School Name School Coordinates 

Latitude Longitude 

S1 King Abdullah II School for Excellence 30°13'06"N 35°44'01"E 

S2 Al-Hussein Bin Talal Applied School 30°11'03"N 35°43'40"E 

S3 Nusseibeh Bint Ka’ab Al-Mazniyeh  Secondary School 30°12'33"N 35°43'50"E 

S4 Ma’an Secondary School for Girls 30°11'58''N 35°43'59''E 

S5 Ma’an Comprehensive  Secondary School for Girls 30°12'13''N 35°43'34''E 

S6 Al-Najah Road School and Kindergerten 30°11'29''N 35°43'12''E 

S7 Ma’an Basic School 30°11'40"N 35°43'47"E 

S8 Palestine Primary School 30°11'41"N 35°43'55"E 

S9 Al Baraa Bin Azeb School 30°11'30"N 35°41'55"E 

S10 Osama Bin Zaid School 30°11'58"N 35°42'54"E 

S11 Deaf and physical disability school  30°12'51"N 35°44'22"E 

S12 Khalil Ibn Ahmed Al-Farahidi School 30°11'56"N 35°44'19"E 

S13 Mohammed Khattab School for Boys 30°11'43"N 35°43'17"E 

S14 Omar Ibn Al-Khattab School 30°11'13"N 35°43'31"E 

S15 Abdul Rahman Bin Auf School 30°12'55"N 35°42'38"E 

S16 Pearl School and Kindergarten 30°13'03"N 35°43'11"E 

 

1.5 Pollution level assessment methods 

1.5.1 Enrichment factor (EF) 

 

The enrichment factor (EF) is an important indicator that is widely used to assess dust contamination (enrichment) and to 

distinguish between natural and anthropogenic sources. Among the common reference elements used in the literature (i.e. Fe, Zr, 

Al, Ti and Sc), Fe is an immobile element in the environment that has insignificant anthropogenic sources and is used to 

normalize heavy metals contaminants (Loska et al., 2004). According to Taylor and McLennan (1981; 1995), the average crustal 

abundance of Fe, Cu, Pb, Zn, Cr, Mn, V and Ni are 58300, 60, 10, 70, 55, 1100, 175 and 30mg/kg, respectively. According to 

Zoller et al., (1974), EF is calculated as: 
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𝐸𝐹 =
(

𝐶i
CR

)
sample

(
𝐶i
𝐶R

)
background 

                                                                  (1) 

 

where (Ci/CR)sample and (Ci/CR)background are the ratios of the concentrations of heavy metal in the dust sample (Ci,mg/kg) to the 

background concentration of earth crust reference metal (CR, mg/kg), respectively. The following EF categories are used to 

estimate the degree of metal pollution: depletion to minimal (EF<2), moderate (2≤EF<5), significant (5≤EF<20), very high (20≤ 

EF<40), and extremely high (EF≥40). EF is only significant if EF>5, since enrichment up to 5 could be referred to as the 

difference in composition between local dust and that of the earth crust reference metal used. 

 

1.5.2 Index of geo-accumulation (Igeo) 

 

Muller (1969) suggested the index of geo-accumulation (Igeo) in bottom sediments, which was after that widely used to assess the 

contamination of heavy metals in street dust by comparing the concentrations of heavy metal in dust samples to the background 

concentrations. It can be calculated as follows: 

𝐼𝑔𝑒𝑜 = log2 (
𝐶𝑖

1.5𝐵𝑖

)                                                                                                                                                                                           (2) 

where Ci is the concentration of the metal in fallout dust, and Bi is the crustal average background concentration of the heavy 

metal. The following Igeo categories are used: unpolluted environment (Igeo≤0), unpolluted to moderately polluted (0<Igeo≤1), 

moderately polluted (1<Igeo ≤2), moderately to strongly polluted (2<Igeo≤3), strongly polluted (3<Igeo≤4), strongly to 

extremely polluted (4<Igeo≤5), and extremely polluted (Igeo>5). 

 

1.5.3 Pollution assessment indexes 

 

Hakanson (1980) introduced the contamination factor (CF) as a tool to assess the level of single PTE contamination in fallout 

dust samples: 

 

𝐶𝐹 =
𝐶𝑖 𝑠𝑎𝑚𝑝𝑙𝑒

𝐶𝑖 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

                                                                                                                                                                                                (3) 

 

where Ci background is the heavy metals background concentration in the earth's crust and Ci Sample is the heavy metals concentration 

in fallout dust samples. CF interpretation is as follows (Tomlinson et al., 1980): low polluted (CF≤1), moderately polluted 

(1<CF≤3), considerably polluted (3<CF≤6) and highly polluted (CF>6). 

 

The Nemerow Integrated Pollution Index (NIPI) takes into account the effect of all considered PTEs and their effect on the 

maximum CF. It is used to estimate the pollution level of a single heavy metal, taking into account all sites in the study area 

(Cheng et al., 2007; He et al., 2016; Yesilkanat and Kobya 2021) and is calculated as follows: 

 

𝑁𝐼𝑃𝐼𝑖 = √
(𝐶𝐹𝑖)𝑚𝑎𝑥

2 + (𝐶𝐹𝑖)𝑎𝑣𝑒
2

2
                                                                                                                                                                        (4) 

 

where 𝐶𝐹𝑖,𝑚𝑎𝑥 and 𝐶𝐹𝑖,𝑎𝑣𝑒 are the maximum and mean CF values of ith PTE in all studied sites, respectively. The NIPI 

interpretation is as follows: unpolluted (NIPI≤0.7), warning limit of pollution (0.7<NIPI≤1), low polluted (1<NIPI≤2), 

moderately polluted (2<NIPI≤3) and strongly polluted (NIPI>3). 

 

Tomlinson et al., (1980) introduced the pollution load index (PLI) which indicates the cumulative pollution load from all studied 

heavy metals at each site. PLI for any site is: 

 

𝑃𝐿𝐼site = √𝐶𝐹1 × 𝐶𝐹2 × … × 𝐶𝐹n
𝑛                                                                                                                                                                       (5) 

 

and for the whole studied zone: 

 

𝑃𝐿𝐼zone = √𝑃𝐿𝐼site,1 × 𝑃𝐿𝐼site,2 × … × 𝑃𝐿𝐼site,m
𝑚                                                                                                                                             (6) 

 

where n and m are the number of species and sites considered, respectively. PLI is divided into two main categories: baseline 

level of pollution (PLI=1) and polluted site/zone (PLI>1). 
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1.6 Ecological risk assessment 

 

The potential ecological risk of PTEs was quantitatively assessed using the risk factor (ERF) suggested by Hakanson (1980) as 

follows: 

 

𝐸𝑅𝐹𝑖 = TRi × 𝐶𝐹i                                                                                                                                                                                                 (7) 

 

where TRi is the toxic-response factor for ith PTE (e.g., TRPb=TRCu=TRNi=5; TRCr=TRV=2; TRZn=TRMn=1). ERF is categorized as 

follows: low potential ecological risk (ERFi<40), moderate (40≤ERFi<80), considerable (80≤ERFi<160), high (160≤ERFi<320) 

and very high (ERFi≥320). The potential ecological risk index (ERI) for the region is the sum of all ERFi: 

𝐸𝑅𝐼 = ∑(𝐸𝑅𝐹𝑖)

𝑛

𝑖=1

                                                                                                                                                                                                    (8) 

 

The ERI interpretation is as follows: low potential risk (ERI<150), moderate (150≤ERI< 300), considerable (300≤ERI<600) and 

very high (ERI≥600). 

 

1.7 Health risk assessment 

 

In this study, both carcinogenic and non-carcinogenic health risk assessments were considered by utilizing the methods suggested 

by the United States Environmental Protection Agency (USEPA 1989, 1996, 2002, 2007, 1993).  

 

1.7.1 Exposure assessment 

 

Human is affected by PTEs through three main exposure pathways: ingestion, inhalation and dermal contact. The average daily 

intake dose (ADD, mg/kg-day) of PTEs affecting both children and adults are:  

 

ADDing =
Ci × IngR × 𝐶𝐹 × 𝐸𝐹 × ED

BW × AT
                                                                                                                                                              (9) 

 

ADDinh =
Ci × InhR × 𝐸𝐹 × ED

P𝐸𝐹 × BW × AT
                                                                                                                                                                      (10) 

 

ADDderm =
Ci × SL × SA × ABS × 𝐸𝐹 × ED × 𝐶𝐹

BW × AT
                                                                                                                                     (11) 

 

The definition of parameters used in Eqs. (9-11) with their default values and units were listed in Table 2. Values for these 

parameters were obtained from USEPA (2001, 2011), Adamiec and Jarosz-Krzemińska (2019), Zhou et al., (2015) and 

Jordanova et al., (2021).  

 

1.7.2 Non-carcinogenic risk assessment 

 

For the three main exposure pathways mentioned above, the potential non-cancer risk of each PTE was assessed via hazard 

quotient (HQ) as follows (Jayarathne et al., 2018; Li et al., 2017): 

𝐻𝑄ing =
ADDing

RfDing

                                                                                                                                                                                                   (12) 

 

𝐻𝑄derm =
ADDderm

RfDderm × GIABS
                                                                                                                                                                             (13) 

 

𝐻𝑄inh =
ADDinh

RfDinh

                                                                                                                                                                                                   (14) 

 

where RfDing is the oral reference dose (mg/kg-day), RfDinh is the inhalation reference concentration (mg/m3), RfDderm is the 

dermal reference dose (mg/kg-day), GIABS is the gastrointestinal absorption factor. Values for these parameters, listed in Table 
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7, were obtained from USEPA (2001). According to USEPA (1989), the hazard index (HI) is calculated as the sum of the HQs 

for all assessed PTEs. The HI interpretation is as follows: HI<1: no non-cancer health effects and HI>1: non-cancer health risks. 

 

1.7.3 Carcinogenic risk assessment 

 

The risk is classified as carcinogenic if the lifetime exposure to dust containing carcinogenic heavy metals might develop any 

kind of cancer in a human. The carcinogenic risk (CR) for ith PTE is assessed as follows (Adamiec and Jarosz-Krzemińska 2019; 

Adimalla 2020; Ferreira-Baptista and De Miguel 2005; Gope et al., 2017; Shabbaj et al., 2018; USEPA 1989): 

𝐶𝑅𝑖 = (ADDing × SFing)
𝑖

+ (ADDinh × IUR)𝑖 + (
ADDderm × SFderm

𝐺𝐼𝐴𝐵𝑆
)

𝑖

                                                                                               (15) 

where SF is the slope factor (kg body per day/mg) and IUR is the inhalation unit risk (µg/m3)-1. The integrated cancer risk 

(CRisk) is calculated as the sum of CRi for all analyzed metals for all exposure pathways. CR and CRisk have the same 

classifications as follows: very low cancer risk (CRi and CRisk≤10-6), low cancer risk (10-6<CRi and CRisk≤10-4), moderate 

cancer risk (10-4<CRi and CRisk≤10-3), high cancer risk (10-3<CRi and CRisk≤0.1), very high cancer risk (CRi and CRisk≥0.1).  

 

Table 2 Health risk assessment input parameters. 

Parameter Unit Definition 
Value 

Children Adult 

BW  kg Average body weight 15 70 

EF  days/year Exposure frequency  180 180 

ED  year Exposure duration 6 24 

IngR  mg/day Ingestion rate of dust 100 50 

SL  mg/cm2-h Skin adherence factor of dust 0.2 0.2 

SA  cm2 Surface area of exposed skin 2800 5700 

InhR  m3/day Inhalation rate of dust 10 20 

CF  kg/mg conversion factor 10–6 

ABS  unitless Dermal absorption factor 10–6 

PEF  m3/kg Particle emission factor 1.316×109 

AT day 
Average exposure time (non-carcinogens) AT=ED×365 

Average exposure time (carcinogens) AT=70×365 

 

2 Results and Discussion 

 
2.1 Particle-size distribution 

 
As was mentioned previously, dust samples were fractionated into seven grain-size fractions with various ranges: 180–200, 150–

180, 125–150, 106–125, 75–106, 38–75 and <38µm. The grain-size fractions for the 16 collected samples are shown in Figure 2. 

On an average basis, it was found that 17% of the dust have size <38µm, 29% have size 38–75µm, 18% have size 75–106µm, 

9% have size 106–125µm, 9% have size 125–150µm, 7% have size 150–180µm, and 10% have size 180–200µm. The dominant 

fractions of grain size were 38–75 and 75–106μm followed by <38 and 180–200μm. The average grain size of dust dunes was 

distributed as 54.3% sand (75-200µm), 28.8% slit (38-75 µm) and 16.9% clay (<38µm). Among the screened samples, the 

highest volumes for grain size <38µm (clay) were for sites S16, S2, S7, S4 and S3 with percent volumes of 53, 53, 26, 21 and 

21%, respectively.  

 

 

 

 

Fig. 2 Plot of grain-size fractions of dust samples collected from different schools within Ma’an district, Jordan. 
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2.2 Dust Characterization 

2.2.1 Elemental analysis results 

 

Elemental analysis of dust is essential to identify the sources of pollution and to assess the ecological and health risks of PTEs. 

XRF analysis results showed that the most abundant major elements in the dust were Ca (59%), Si (20%), Fe (10%) and Al (4%), 

as shown in Figure 3, whereas the minor elements were ranked in the order of K>Ti>Mg>Zr>Zn>Sr>Mn>Cl>S>Cu> 

Cr>P>Pb>V>Ni. The concentrations of Ni were below the detection limit for most sites except for S5, S6, S10 and S11. 

 

For ecological and health risks of fallout dust deposits discussed in the following sections, the following eight PTEs with high 

pollution potential are considered: iron (Fe), copper (Cu), lead (Pb), zinc (Zn), chromium (Cr), manganese (Mn), vanadium (V) 

and nickel (Ni). The mean concentrations of these PTEs in descending order are: Fe(10127.4mg/kg)> 

Mn(191.4mg/kg)>Zn(160.6mg/kg)>Cu(42.4mg/kg)>V(35.0mg/kg)>Cr(34.7mg/kg)>Pb(11.8mg/kg)>Ni(0.7mg/kg). The obtained 

mean PTEs concentrations in this study were compared with other urban cities around the world, which are listed in Table 3 for 

Petra (Jordan) (Alsbou and Al-Khashman 2018), Al-Hisa (Jordan) (Hamaiedh and El-Hasan 2011), Fuhis (Jordan) (Banat et al.,, 

2005), Zerqa (Jordan) (Ghrefat et al.,, 2012), Irbid (Jordan) (El-Radaideh and Al-Taani 2018), Jeddah (Saudi Arabia) (Shabbaj et 

al.,, 2018), Riyadh (Saudi Arabia) (Modaihsh et al., 2017), Trabzon (Turkey) (Yesilkanat and Kobya 2021), Dhanbad and 

Bokaro (India) (Singh 2011), Sistan (Iran) (Rashki et al., 2013), Lahore (Pakistan) (Qadeer et al., 2020), Chittagong 

(Bangladesh) (Pal and Roy 2021), Urumqi (China) (B. Wei et al., 2009), Xi'an (China) (Pan et al., 2017), Toronto (Canada) 

(Wiseman et al., 2021), Srednogorie (Bulgaria) (Jordanova et al., 2021) and Gela (Italy) (Manno et al., 2006). As can be seen 

from Table 3, the average concentrations of Fe, Cu, Cr, Mn, V and Ni in the analysed samples were lower than earth crust 

content, whereas the concentrations of Pb and Zn are 1.20 and 2.30 times higher, respectively.  

The average PTEs concentrations in the present study were below the average concentrations of all compared cities. Fe 

concentration in Ma’an is greater than that of Petra and Al-Hisa and lower than that of Jeddah, Zerqa and Srednogorie. Regarding 

Cu, its concentration in Ma’an is higher than Irbid, Al-Hisa, Sistan, Petra, Lahore, Dhanbad and Bokaro, Riyadh, Trabzon and 

Chittagong, but it is lower than Zarqa, Xi’an, Urumqi, Toronto, Jeddah, and Gela. Pb concentration in Ma’an is slightly higher 

than in Sistan and slightly lower than in Al-Hisa, while it is considerably lower than the other cities considered in the 

comparison. Pb concentration in our study area is slightly higher than Sistan, almost the same as Al-Hisa, and lower than other 

cities used in the comparison as listed in Table 3; Ma’an is not crowded and there is no heavy traffic volume. Zn concentration in 

Ma’an is higher than Petra, Irbid, Sistan, Riyadh, Lahore, Dhanbad and Bokaro, Zarqa, and Fuhis, but is lower than Gela, 

Trabzon, Xi’an, etc. and almost the same as in Chittagong. Mn concentration in Ma’an is lower than in Riyadh but is higher than 

in Gela, Xia’an, Jeddah, Toronto, Urumqi and Zarqa. For Cr, its concentration in Ma’an is higher than Irbid and Srednogorie, but 

it is higher than Gela, Riyadh, Trabzon, etc. The concentration of V and Ni in Ma’an is lower than in all ore-mentioned cities, see 

Table 3. There are clear differences in PTEs concentrations between the different cities, this can be a result of the population 

density, traffic, topography, and meteorology (Shao et al., 2018). Even though, these variations may not represent the real 

differences between the considered cities (Shabbaj et al., 2018). 

 
Fig. 3 Elemental analysis results of all dust samples with grain size <38m. 
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The mean EF values listed in Table 4 were in the following order: n(12.9)>Pb(6.8)>Cu(4.1)>Cr(3.7)>V(1.2)>Mn(1.0)>Ni(<1.0). 

The EF results show that sites S14 and S15 have very high Zn enrichment with EF>20, while significant enrichment for the rest 

of the sites. Considering all possible emission sources in the study area, the enrichment of Zn in dust samples could be referred to 

as brake and tyre wear/tear and corrosion of galvanized automobile parts (non-exhaust vehicle emissions); ZnO is known as a 

vulcanization agent (2–5 mass %) in the tyres manufacturing process and Zn alloy is commonly used in motor vehicles (Baensch-

Baltruschat et al., 2020; Li et al., 2017; Men et al.,,, 2018; Singh 2011). 

 

During the sampling period, it was noticed that most schools have installed solar panels on the roofs of schools. Corrosion of 

galvanized steel tubes used to support these panels might be an additional reason for Zn enrichment in the collected dust. Iron 

and zinc oxides are among the products of corroded galvanized steel (Colomban et al., 2008). Except for S2, S9, S10 and S16, 

EFs for Pb were in between 5 and 20. The additive of Pb to gasoline in Jordan could be the reason for an increase in vehicle-

associated Pb emissions and thus the enrichment of Pb. Most of the selected schools were located within very short distances of 

medium to high-traffic density roads. Hence, the sources of Zn and Pb in the collected urban fallout dust are mainly derived from 

traffic emission, although Pb is a persistent element that may enter urban fallout dust via resuspension since it has a long half-life 

(Chen et al., 2014; Wei and Yang 2010). It was found a moderate enrichment of Cu with EFs below 5 in all sites except for S6 

and S10. Cu is one of the vehicle tyres components and is used as a brake friction material (Li et al., 2016; Wang et al., 2022).  

In Ma’an City, there are many speed bumps in the streets especially in the front of schools which increases braking usage and 

increases Cu accumulation in fallout dust. Lee and Hopke (2006) reported that higher loading of Cu and Zn might be referred to 

as diesel vehicles. The trucks transporting phosphate from Al-Sheidia to Aqaba pass through Ma’an city. Also, Ma’an is very 

close to the desert highway linking northern and southern Jordan which witnessed the movement of trucks in large numbers. 

Also, the Al-Muddawara highway linking Jordan with Saudi Arabia passes through Ma’an City. The level of traffic flow on these 

highways might lead to the enrichment of Cu and Zn in the collected dust. Thus, the source of Cu emission in Ma’an City is 

vehicular traffic. Moderate enrichment of Cr (5>EFCr>2) was found in all sites. Chromium alloys are frequently used as building 

materials that make construction dust and corrosion of these materials is one of the Cr enrichment in fallout dust (Wang et al., 

2022). In the last ten years, Ma'an City witnessed the construction of many government buildings, homes and private shops. 

Traffic is also responsible for the enrichment of Cr in fallout dust (Manno et al., 2006). Thus, construction and vehicular traffic 

are the sources of Cr emissions in Ma’an City. Depletion to minimal enrichment of V and Mn were found. 

 

2.2.2 Mineralogy analysis 

Mineralogical analysis was used to understand the primary source of dust in the Ma’an district. The clay fraction of dust (grain 

size <38μm) is the most geochemically active fraction from which the dust source is traceable (Ganor and Foner 1996; Idris et 

Table 3 Mean PTEs concentrations in urban fallout dusts of different cities (mg/kg). 

City (Country) Cu Pb Zn Cr Mn V Ni 

Ma’an (Jordan) 42 12 161 35 191 35 0.7 

Petra (Jordan) 12 32 25 
    

Al-Hisa (Jordan) 4.4 13 949 76 
  

17 

Fuhis (Jordan) 
 

62 147 84 
   

 Zerqa (Jordan) 48 58 91 71 936 
 

48 

Irbid (Jordan) 4 71 46 16 
  

60 

Jeddah (Saudi Arabia) 139 141 488 65 551 81 51 

Riyadh (Saudi Arabia) 27 28 67 44 150 45 20 

Trabzon (Turkey) 29 35 242 45 
  

27 

Dhanbad and Bokaro (India) 26 48 78 57 
 

57 24 

Sistan (Iran) 11 10 57 70 
 

69 18 

Lahore (Pakistan) 24 44 68 
   

14 

Chittagong (Bangladesh) 36 30 160 
   

12 

Urumqi (China) 95 54 295 54 927 
 

43 

Xi'an (China) 55 125 269 145 511 70 31 

Toronto (Canada) 121 63 419 145 784 41 36 

Srednogorie (Bulgaria) 3483 162 325 30 
  

19 

Gela (Italy) 189 109 239 41 400 68 34 

Minimum 4.0 10.0 25.0 16.0 150.0 35.0 0.7 

Maximum 3483.0 162.0 949.0 145.0 936.0 81.0 60.0 

Mean 255.6 60.9 229.2 65.2 556.3 58.3 28.4 
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al., 2007). The XRD patterns for all dust samples, with grain-size fraction <38m, are shown in Figure 4. They prevailed in a 

similar mineralogical composition for all samples. Dust mainly contains carbonate and silicate minerals (i.e. calcite and quartz) 

with traces of clinoferrosilite and clay minerals (dickite). The presence of calcite (CaCO3) and quartz (SiO2) in the analyzed dust 

samples indicates detrital sedimentary origin (Zarasvandi et al., 2011). These minerals are among the main elements of the 

earth’s crust. Pye (1992) concluded that quartz-rich dust is continental and originates maybe from local areas or short to medium 

distances, while silicate-rich dust might travel over longer distances. Dickite (Al2Si2O5(OH)4) belongs to the kaolin minerals and 

kaolinite group. The dickite particles are six-sided and well-formed crystals having diameters of up to 8m (Mason 1960). It is a 

usual mineral of fallout dust and is a weathering product of other minerals such as feldspars (Merefield et al., 1995). 

Clinoferrosilite (FeSiO3) is a diopside type crystalline compound and is an iron ore mineral. Volcanic rock contains FeSiO3 

minerals (Dallwitz et al., 1966). Thus, the abundance of volcanic rocks in the Ma’an area could be the source of this mineral in 

fallout dust. The mineralogy analysis results presented here are in agreement with many other studies in Jordan, in neighbouring 

countries and the Middle East, such as studies in Jordan (Hamaiedh and El-Hasan 2011), in Iraq (Al-Dabbas et al., 2012; Awadh 

2012), in Iran (Hojati et al., 2012; Najafi et al., 2014; Rashki et al., 2013), in Saudi Arabia (Modaihsh et al., 2017) and in Egypt 

(Shaltout et al., 2016). The mineralogy results are consistent with the elemental composition results discussed earlier. 

 

Table 4 Enrichment factors for the dust samples in the study area. 

Sample ID Cu Pb Zn Cr Mn V Ni 

S1 4.4 5.3 18.9 3.1 0.9 0.2 - 

S2 5.0 4.4 5.2 3.2 1.1 0.0 - 

S3 4.5 5.4 13.6 4.6 1.0 0.0 - 

S4 4.3 6.5 9.6 3.5 1.0 1.4 - 

S5 4.0 9.8 9.4 4.7 1.0 1.4 1.2 

S6 6.3 7.2 9.2 4.5 1.0 2.5 0.6 

S7 4.6 6.3 8.2 3.3 1.0 1.6 - 

S8 4.1 8.9 12.7 4.1 1.0 2.4 - 

S9 3.5 4.2 17.0 2.7 1.0 2.2 - 

S10 5.3 4.7 6.6 4.2 1.0 1.9 0.4 

S11 4.1 9.5 18.9 4.6 0.9 0.0 0.1 

S12 0.0 11.9 13.1 2.7 0.9 0.0 - 

S13 4.5 6.3 6.3 2.9 1.0 1.8 - 

S14 3.3 8.4 25.7 3.4 1.2 1.4 - 

S15 3.7 6.1 25.2 3.8 1.0 0.0 - 

S16 4.2 4.1 6.4 3.3 0.9 1.9 - 

Minimum 0.0 4.1 5.2 2.7 0.9 0.0 0.1 

Maximum 6.3 11.9 25.7 4.7 1.2 2.5 1.2 

Mean 4.1 6.8 12.9 3.7 1.0 1.2 0.6 

 

 
Fig. 4 XRD analysis results of all dust samples with grain size <38m. 
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2.3 PTEs pollution assessment 

2.3.1 Geo-accumulation index (Igeo) 

 

Statistical values of Igeo in the study area are listed in Table 5. The mean values of Igeo were found in the following order: Zn 

(0.4)>Pb(-0.4)>Cu(-0.9)>Cr(-1.3)>V(-1.8)>Mn(-3.1)=Fe(-3.1). Igeo value for Zn falls between 0 and 1 for sites S3, S4, S5, S8 

and S12 whereas it falls between 1 and 2 for sites S1, S9, S11, S14 and S15, which indicates that dusts were moderately polluted 

with zinc. According to Igeo, dust is ranked as unpolluted to polluted for Pb in sites S5, S11, S12 and S14. Igeo values reveal that 

the collected dusts were uncontaminated by the rest of the PTEs. 

 

Table 5 Statistical values of the geo-accumulation index (Igeo) in the study area. 

Statistical values Cu Pb Zn Cr Mn V 

Minimum -1.3 -1.1 -0.8 -1.6 -3.4 -5.4 

Maximum 0.0 0.5 1.9 -0.9 -2.8 0.0 

Mean -0.9 -0.4 0.4 -1.3 -3.1 -1.8 

 

2.3.2 Pollution assessment indexes (CF and NIPI) 

 

The mean calculated values of CF were in the following order: 

Zn(2.29)>Pb(1.18)>Cu(0.71)>Cr(0.63)>V(0.20)>Mn(0.17)=Fe(0.17). The mean CF of Zn and Pb were lower than 3 indicating 

moderate contamination. For the rest of the PTEs, the mean CFs were below 1, which indicated low contamination. The 

contamination factor values for all sampling sites are presented in Table 6. As can be seen from this Table, considerable 

contamination (3<CF≤6) with Zn was found in sites S1, S9, S11, S14 and S15 and moderate contamination in the rest of the 

sites. Moderate contamination with Pb was found in most sites except for sites S1, S2, S3, S9, S10 and S16 which were ranked as 

low contamination. The study area was low-contaminated with the rest of the PTEs with CF≤1. The NIPI values were ranked in 

the following order: Zn(4.2)>Pb(1.72)>Cu(0.82)>Cr(0.74)>V(0.32)>Mn(0.2)=Fe(0.2). These results indicate that the study area 

was strongly polluted with zinc, low polluted with lead, warning limit of pollution for Cu and Cr, and not polluted with V, Mn 

and Fe. 

 

Table 6 Contamination factors for the dust samples in the study area. 

Sample ID Cu Pb Zn Cr Mn V Ni 

S1 0.77 0.93 3.33 0.54 0.16 0.04 - 

S2 0.81 0.71 0.84 0.51 0.18 0.00 - 

S3 0.71 0.84 2.13 0.72 0.16 0.00 - 

S4 0.75 1.11 1.64 0.61 0.18 0.25 - 

S5 0.66 1.62 1.54 0.77 0.17 0.23 0.20 

S6 0.92 1.04 1.34 0.66 0.14 0.37 0.08 

S7 0.80 1.10 1.43 0.58 0.17 0.29 - 

S8 0.67 1.44 2.03 0.65 0.16 0.39 - 

S9 0.63 0.75 3.06 0.49 0.18 0.41 - 

S10 0.85 0.76 1.07 0.67 0.17 0.30 0.06 

S11 0.73 1.69 3.37 0.82 0.17 0.00 0.01 

S12 0.00 2.13 2.34 0.48 0.16 0.00 - 

S13 0.82 1.16 1.16 0.54 0.18 0.32 - 

S14 0.62 1.57 4.78 0.64 0.22 0.27 - 

S15 0.81 1.32 5.48 0.83 0.21 0.00 - 

S16 0.77 0.75 1.16 0.60 0.17 0.35 - 

Minimum 0.0 0.7 0.8 0.5 0.1 0.0 0.0 

Maximum 0.9 2.1 5.5 0.8 0.2 0.4 0.2 

Mean 0.7 1.2 2.3 0.6 0.2 0.2 0.1 
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2.3.3 Pollution Load Index (PLI) 

 

The calculated values of the PLIsite and PLIzone in the study area are shown in Figure 5. Both PLI values for the site and zone 

(PLIzone=0.52) were below 1, which indicated that the study area was unpolluted. 

 

 

 

 

2.4 Risk Assessment  

2.4.1 Ecological risk assessment 

 

The distribution of ERI calculated using the Hakanson method in all selected schools in the Ma’an district and the mean percent 

contribution of PTEs to ERF are shown in Fig. (6). The contribution of PTEs to ERF was in the following order: Pb(43%)>Cu 

(26%)>Zn(17%)>Cr(9%)>V(3%)>Mn=Ni (1%). Similar results were obtained by Yesilkanat and Kobya (2021). The ERI values 

ranged from 10 to 18 indicating very low potential ecological risk (ERI<150).  

 

 
(a) (b) 

Fig. 6 Potential ecological risk results: (a) Distribution of ERI in all sampling sites, (b) Mean percent contribution of PTEs to ERF. 
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Fig. 5 Pollution load indexes for the dust samples in the study area 

PLI(zone) = 0.52

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16

P
L

I(
S

it
e
)

Sampling site

Unpolluted PLI(site) PLI(zone)



4, 2021No. 7er Vol.paP searchRe Industries (JJECI)                        ChemicalEngineering and  of nalrJordanian Jou 

34 
 

Table 7 Health risk assessment results of fallout dust by children and adults 

Element Al Cu Fe Mn Ni Pb Sr Zn 

 

RfDing (mg/kg body weight per day) 1.00E+00 4.00E-02 7.00E-01 1.40E-01 1.10E-02 3.50E-03 6.00E-01 3.00E-01 

RfDderm (mg/kg body weight per day) – 1.20E-02 – –  –  5.25E-04 – 6.00E-01 

RfDinh (mg/m3) – –  – 5.00E-05 1.40E-05 –  – –  

GIABS – 1.00E+00 – –  – 1.00E+00 – 1.00E+00 

SF (kg body per day/mg) – – – – 9.00E-01 4.20E-02 – – 

IUR (µg/m3)-1 – – – – 2.40E-04 1.20E-05 – – 

Mean concentrations (mg/kg) 4189.59 45.26 10127.36 191.43 2.68 11.62 206.87 160.57 

Non-carcinogenic health risk HI 

Children 

ADDing 1.38E-02 1.49E-04 3.33E-02 6.29E-04 8.81E-06 3.82E-05 6.80E-04 5.28E-04   

HQIing 1.38E-02 3.72E-03 4.76E-02 4.50E-03 8.01E-04 1.09E-02 1.13E-03 1.76E-03 8.42E-02 

ADDderm 6.43E-05 6.94E-07 1.55E-04 2.94E-06 4.11E-08 1.78E-07 3.17E-06 2.46E-06   

HQIderm –  5.79E-05 – – – 3.40E-04  – 4.11E-06 4.02E-04 

ADDinh 1.01E-06 1.09E-08 2.45E-06 4.62E-08 6.47E-10 2.81E-09 5.00E-08 3.88E-08   

HQIinh – – – 9.25E-07 4.62E-08 – – – 9.71E-07 

Adults 

ADDing 1.48E-03 1.59E-05 3.57E-03 6.74E-05 9.43E-07 4.09E-06 7.29E-05 5.66E-05   

HQIing 1.48E-03 3.99E-04 5.10E-03 4.82E-04 8.58E-05 1.17E-03 1.21E-04 1.89E-04 9.02E-03 

ADDderm 4.58E-04 4.95E-06 1.11E-03 2.09E-05 2.93E-07 1.27E-06 2.26E-05 1.76E-05   

HQIderm   4.13E-04 – – – 2.42E-03  – 2.93E-05 1.75E-06 

ADDinh 4.32E-07 4.67E-09 1.05E-06 1.98E-08 2.76E-10 1.20E-09 2.14E-08 1.66E-08   

HQIinh – – – 3.95E-07 1.97E-08 – – – 4.15E-07 

Carcinogenic health risk ∑CR 

Children  

CRing – – – – 7.92E-06 1.60E-06 – – 9.53E-06 

CRderm – – – – – 4.26E-06 – – 4.26E-06 

CRinh – – – – 6.47E-10 2.81E-09 – – 3.45E-09 

CRisk 1.38E-05 

Adults 

CRing – – – – 8.49E-07 1.72E-07 – – 1.02E-06 

CRderm – – – – – 3.02E-05 – – 3.02E-05 

CRinh – – – – 6.63E-14 1.44E-14 – – 8.07E-14 

CRisk 3.13E-05 

        No non-carcinogenic health risk                  Non-carcinogenic health risk 

        Very low cancer risk              Low cancer risk          Moderate cancer risk         High cancer risk       Very high cancer risk 
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2.4.2 Health risk assessment 

 

In this study, the health risks of PTEs in fallout dust for both children and adults were assessed for carcinogenic and non-carcinogenic 

potential health risks via dermal contact, inhalation, and ingestion exposure pathways. Table 7 lists the health risk assessment results 

of fallout dust by children and adults. The results of the Hazard Quotient (HQI) indicate that oral ingestion is the primary exposure 

pathway for children and adults. These results were in good agreement with other studies  (Shabbaj et al., 2018; Shao et al., 2018; X. 

Wei et al., 2015). For children, the HQIing is 3 to 4 orders of magnitude higher than HQIderm and HQIderm is 1 to 2 orders of magnitude 

higher than HQIinh. For adults, the HQIing is in the same order of magnitude or one order of magnitude higher than HQIderm and 

HQIderm is 3 orders of magnitude higher than HQIinh. The non-carcinogenic hazard index values indicate a similar trend as HQI 

regarding the three exposure pathways: HIing>HIderm>HIinh. HI, values for children are higher than adults; HIing (8.42x10-2) for children 

is one order of magnitude higher than HIing (9.02x10-3) for adults, HIderm (4.02x10-4) for children is two orders of magnitude higher 

than HIderm (1.75x10-6) for adults, while HIinh (HIinh,ch=9.7110-7 and HIinh,ad=4.1510-7) is in the same order of magnitude. This trend 

indicates that children's health is more affected by PTEs than adults. In this way, HI values are lower than one for both children and 

adults indicating that the school roofs would not cause non-cancer risk (USEPA 1989, 2002). The HQ values for each heavy metal 

are also lower than one, which means there was no non-carcinogenic risk for both children and adults regarding each considered 

PTEs. 

 

The carcinogenic risk values of Ni and Pb were calculated and tabulated in Table 7 for both children and adults. The CR of Ni 

is higher than Pb for both children and adults during the ingestion pathway. The total CR during ingestion is higher than dermal 

contact and inhalation for both children and adults indicating that ingestion is the most dangerous pathway. The total CR for children 

is higher than for adults during both ingestion and dermal contact, which means that children are more exposed to be affected, even 

though the values are in the range (110-4-110-6) indicating low cancer risk for both children and adults. During the inhalation 

pathway, the cancer risk was found to be very low (CRinh=3.4510-9 for children and CRinh=8.0710-14 for adults). The integrated 

carcinogenic risk CRrisk for children (1.3810-5) is lower than for adults (3.1310-5) and they indicate low cancer risk. Yesilkanat and 

Kobya (2021) found similar results; they found that the averages of the CR total are in the order of Cr>Ni>Pb>Cd for children and 

adults. They also found that the mean values of HI and TCR are in the negligible noncarcinogenic health risk (HI<1) and the lower 

cancer risk range (110-6<TCR≤110-4) for children and adults. 

 

Conclusion 

The ecological and human health risks of PTEs have been successfully assessed for the Ma’an district in Jordan. Dust samples were 

collected from 16 schools. The XRD patterns showed that all dust samples, with a grain-size fraction <38m, mainly contain 

carbonate and silicate minerals (i.e. calcite and quartz) with traces of clinoferrosilite and clay mineral (dickite). Among the eight 

elements studied (Fe, Cu, Pb, Zn, Cr, Mn, V and Ni), the average concentration of Fe was the highest. The mean concentrations of 

these PTEs in the fallout dust are Fe (10127.4mg/kg)>Mn(191.4mg/kg)>Zn(160.6mg/kg)> Cu(42.4mg/kg)>V(35.0mg/kg)>Cr (34.7 

mg/kg)>Pb(11.8mg/kg)>Ni(0.7mg/kg). The average concentrations of Fe, Cu, Cr, Mn, V and Ni in the analysed samples were lower 

than earth crust content, whereas the concentrations of Pb and Zn were 1.20 and 2.30 times higher, respectively. The geochemical 

indices such as EF, Igeo, CF and NIPI for the concerned PTEs were in the order of Zn>Pb>Cu>Cr>V>Mn>Ni. However, the ERFi 

was in the order Pb>Cu>Zn>Cr>V>Mn>Ni. Based on these geo-chemical indices Zn, Pb and Cu could be considered as the most 

important pollutants in the study area. The EF reveals that the fallout dust deposits were significantly polluted by Zn (12.9) and Pb 

(6.8), and moderately polluted by Cu (4.1) and Cr (3.7). The PLI values (site and zone) were lower than one; indicating that the 

Ma'an area is not polluted, and the ERI values were in the range (10-18) specifying very low potential ecological risk. There was no 

non-carcinogenic risk for both children and adults regarding each considered PTEs since their HQ values were lower than one. The 

HI and total CR show that ingestion was the most dangerous exposure pathway. The carcinogenic risk values of Ni were higher than 

Pb for both children and adults during the ingestion pathway. The total CR values were in the range between 10-4 and 10-6, which 

indicates low cancer risk for both children and adults. Children could be more affected since the total CR for them is higher than for 

adults during both ingestion and dermal contact. The findings of this paper provide baseline information to authority regarding PTE 

concentration, characterization, and exposure effect on children and adults in the Ma’an district, Jordan. The findings suggest further 

study for the variability in dust composition across different seasons in Ma’an. 
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Nomenclature 

 
ABS =Dermal absorption factor      [-] 

ADD =Average daily intake dose of PTEs affecting both children and adults [mg/kg-day]  

AT =Average exposure time      [day] 

Bi =Crustal average background concentration of the heavy metal   [mg/kg]  

BW =Average body weight      [kg] 

CF  =Contamination factor      [-] 

Ci  =Concentrations of heavy metal in dust sample    [mg/kg]  

CR =Carcinogenic risk       [-] 

CR  =Background concentration of earth crust reference metal   [mg/kg] 

CRisk  =Integrated cancer risk     [-] 

ED =Exposure duration       [year] 

EF =Enrichment factor       [-] 

EF =Exposure frequency       [days/year] 

ERF =Ecological risk factor      [-] 

ERI  =Ecological risk index      [-] 

GIABS =Gastrointestinal absorption factor    [-] 

HI  =Hazard index       [-] 

HMs =Heavy metals       [-] 

HQ  =Hazard quotient       [-] 

Igeo  =Index of geo-accumulation      [-] 

IngR  =Ingestion rate of dust      [mg/day] 

InhR  =Inhalation rate of dust      [m3/day] 

IUR  =Inhalation unit risk       [1/(µg/m3)] 

m  =Number of sites considered      [-] 

n  =Number of species considered     [-] 

NIPI  =Nemerow Integrated Pollution Index     [-] 

PEF  =Partical emission factor      [m3/kg] 

PLI  =Pollution load index       [-] 

PTEs  =Potentially toxic elements      [-] 

RfDderm  =Dermal reference dose      [mg/kg-day]  

RfDing  =Oral reference dose       [mg/kg-day]  

RfDinh  =Inhalation reference concentration     [mg/m3],  

SA  =Surface area of exposed skin      [cm2] 

SF  =Slope factor       [kg body per day/mg] 

SL  =Skin adherence factor of dust      [mg/cm2-h] 

TR  =Toxic-response factor      [-] 

XRD =X-ray diffraction       [-] 

XRF =X-ray fluorescence       [-] 
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