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Abstract 

Some dust storms that blew over the city of Baghdad in April 2024 were investigated in some 

locations and the following results were obtained: Volumetric analysis of the dust texture 

revealed a silt content of 42.4 – 58.6 % at 49%, a clay content of 29.5 – 55.1 % at 43%, a sand 

content of 7.9 – 12.4 % at 10%, a pH of 7.1 – 7.5 at an average of 8, ranging from neutral to 

relatively low alkalinity, an organic matter content of 1.22 – 1.83 % at an average of 2%, 

which is assumed to contain a high proportion of humic organic matter, and a percentage loss 

on ignition of 11.43 – 67.17 % at an average of 15%. It is hypothesised that the reason for this 

is the presence of various materials with a high proportion of calcium oxides and sulphates, 

and the presence of a low proportion of silica materials. The percentage of total dissolved 

salts is 511 parts per million - 748 parts per million, at an average of 619 ppm. The difference 

in values is probably due to the speed and direction of the wind carrying the dust. The Hazard 

Index (HI) is in descending order Chromium> Arsenic> Cobalt> Lead> Nickel> Zinc for 

adults and Cr>Co>Ni>As>Pb>Zn for children, while the CR and TCR values are in 

descending order Ni>Cr>As>Pb>Co for adults and Cr>Ni>As>Pb>Co for children. 

Keywords: Physicochemical parameters; The risks; Dust storms; Heavy elements; Carcinogenic risks. 

1. Introduction 

Dust storms that blow across Iraq originate from both local and regional sources, with the 

latter arising from areas such as North Africa and the Middle East (Al-Dabbas & Al-Khafaji, 

2012). Storms of any kind have detrimental effects on human health and society (Al-Dabbas 
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et al., 2012). In recent years, Baghdad has experienced a decline in green spaces and 

reforestation efforts, making the city increasingly vulnerable to the impacts of dust storms, 

which have become more frequent. The dust storms affecting Baghdad represent a significant 

natural hazard, often persisting for several days during specific months, particularly in spring 

and summer, and stemming from both regional and local sources (Jassim, 2021). Dust refers 

to particulate matter suspended in the atmosphere, typically with diameters up to 1000 

micrometers, and is considered one of the major air pollutants, alongside sulfur dioxide, 

ozone, and lead. When deposited on agricultural fields, dust can be harmful to crops due to its 

content of heavy metals and other pollutants that negatively affect plant health. 

Dust particles affect human life and health by reducing air quality in the study area. 

Numerous studies, including those by Al-Dabbas et al. (2011), have shown that dust storms 

carry various microorganisms that directly impact human health, causing illnesses such as 

allergies, asthma, and other conditions, including pollen- and fungus-related diseases. 

Sultan et al. (2012) reported in their study of toxic and carcinogenic element concentrations in 

the dust and soil of Baghdad and Ramadi that some elements in suspended particles exceeded 

permissible concentration limits, while most other elements remained within acceptable 

ranges. Major atmospheric pollutants have been identified, such as lead from leaded gasoline, 

and copper, zinc, and cadmium originating from automotive parts, tire wear, lubricants, 

industrial emissions, and combustion sources (Willers et al., 2005; AL-Rasoul et al., 2012). 

This research aims to investigate the sizes of the particles or fines that constitute the dust, as 

the size of these particles is closely related to the degree of environmental risk they pose. 

2. Materials and methods 

2.1. Location of the study area 

Baghdad is the capital of the Republic of Iraq, located in the central part of the country 

between latitudes 33º10′ and 33º29′N, and longitudes 44º09′ and 44º33′E. The city's area is 

approximately 1,350 km². The Tigris River flows through Baghdad from north to south, 

dividing it into two main parts: Karkh and Rusafa. Baghdad represents about 1.04% of Iraq's 

total area (Table 1 and Figure 1).  

Table 1. Geographic coordinates of the study area in which samples were collected for some 

storms that hit Baghdad in 2024. 

Station No Quarter Mane Location Altitude Latitude 

1 Hay Ur North West 33 41 14 N 44 41 09 E 

2 Al-Mashtal South East 33 33 01 N 44 49 94 E 

3 Hay Al-Shabab South west 33 14 32 N 44 20 23 E 
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Figure 1. The study area's location. 

2.2. Geology of the study area 

The study area is primarily composed of Quaternary sediments, particularly those from the 

Pleistocene and Holocene epochs. These sediments mainly consist of silty clay interbedded 

with thin layers of sand and silt. While their age is attributed to the Holocene, it is believed 

that their formation began during the early Pleistocene. Alluvial deposits are the most 

widespread sediments in the study area, representing the main Holocene sedimentation cycle 

of the Mesopotamian Basin. 

2.3. Dust samples 

The method used to collect samples during dust storms involved spreading a layer of nylon 

over elevated areas of tall buildings, which served as sampling stations (Menéndez et al., 

2007). An area of one square meter was covered with nylon to capture the falling dust. The 

duration of sample collection corresponded to the length of each storm and continued until its 
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end. Samples were collected from rooftops located more than 3 meters above the ground 

surface. Dust samples were obtained between April 12 and April 28, 2024, from several areas 

in Baghdad, during which three dust storms occurred (Figure 1). Three local sampling stations 

were established in Baghdad Governorate, and the sampling locations were selected based on 

the details provided in Table 1. 

3. Results and Discussion 

3.1. Composition of the dust samples 

The dust composition in the study areas of Baghdad is primarily clay (minimum = 29.5%, 

maximum = 55.1%, average = 43%), silt (minimum = 42.4%, maximum = 58.6%, average = 

49%), and sand (minimum = 7.9%, maximum = 12.4%, average = 10%), according to the    

Folk (1974) classification system (Table 2 and Figure 2). The results of particle size 

distribution, when plotted on the Al-Ali (2003) triangular diagram, indicate that the majority 

of the dust texture is classified as silt, with smaller proportions of sandy silt. The high silt 

content is attributed to wind energy during the dry season, which contributes to the formation 

of dust storms. These findings align with previous studies that have shown dust storm 

sediments in Iraq are mainly composed of silt and clay with minor sand content. The 

variability in these components is influenced by wind speed and energy, which control the 

transport of particles smaller than 63 microns during the dry season. The results are consistent 

with those reported by Kamble (1995), Al-Ali et al. (2005), and ROPME (2016), who 

emphasized that the texture of dust in Iraqi storms is predominantly silt and clay, with particle 

composition varying according to wind dynamics and transport capacity. 

Table 2. Grain Size Analysis of dust storms in Baghdad – April/ 2024.  

City 
Date of 

Storm 

Station 

Number 

Location of 

Stations 

Sand 

% 

Silt 

% 

Clay 

% 

Type of texture 

According to 

Folk (1974) 

Baghdad 

8/4/2024 

1 North 7.7 43.8 48.5 Mud 

2 South  East 7.9 42.4 49.7 Mud 

3 South West 8.4 46.5 55.1 Mud 

15/4/2024 

1 North 7.9 49.2 42.9 Mud 

2 South  East 9.6 49.9 40.5 Mud 

3 South West 8.8 45.5 45.7 Mud 

28/4/2024 

1 North 10.5 52.2 37.3 Sandy mud 

2 South  East 11.9 58.6 29.5 Sandy mud 

3 South West 12.4 49.5 38.1 Sandy mud 

Min.    7.9 42.4 29.5  

Mix.    12.4 58.6 55.1  

Mean    10 49 43  
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Figure 2. Dust samples of the study area were plotted on the (Folk, 1974). 

3.2. pH Value 

The results obtained show that the pH values, as presented in Table 3, range from 7.1 to 7.5, 

indicating that the samples are slightly to moderately alkaline. 

3.3. Organic matter (OM) 

Table (3) shows that the lowest value is 1.22%, the highest is 1.83%, with an average of 

approximately 2%. 

Table 3. Physical properties of the study area samples. 

City 
Date of 

Storm 

Station 

Number 
Location 

Organic 

Matters % 
pH 

TDS 

ppm 
L.O.I 

Baghdad 

8/4/2024 

1 North 1.43 7.1 513 12.44 

2 South  East 1.52 7.3 511 15.37 

3 South West 1.57 7.2 547 13.35 

15/4/2024 

1 North 1.51 7.4 548 16.65 

2 South  East 1.83 7.5 599 17.76 

3 South West 1.46 7.1 657 15.36 

28/4/2024 

1 North 1.22 7.2 748 11.43 

2 South  East 1.43 7.3 699 15.57 

3 South West 1.15 7.3 746 14.42 

Min    1.22 7.1 511 11.43 

Mix    1.83 7.5 748 17.76 

Mean    2 8 618.7 15 
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3.4. Loss of Ignition (L.O.I ) 

The percentage of loss on ignition (LOI) for the samples from the study area, as shown in 

Table 3, ranges between 11.43% and 67.17%, with an average of 15%. This may be attributed 

to the high content of calcium oxide and sulfates, and the low content of silica. 

3.5. Total Dissolved Salts  (TDS) 

The analytical results of the dust samples, as presented in Table 3, indicate that the values of 

total dissolved salts range from 511 ppm to 748 ppm, with an average of 618.7 ppm. The 

variation in these values may be attributed to wind speed and direction, which influence the 

quantity of dust transported and deposited. In the absence of wind, dust deposition tends to 

decrease. It is assumed that the source of these dissolved salts in dust storms originates either 

from source rock areas that have undergone weathering processes (Al-Zubaidi, 2020) or from 

the transport of soil during storms from various regions, including agricultural and non-

agricultural lands. When comparing the pH values in the study area with the soil classification 

in Table 4, it is evident that the dust samples are not saline, as the pH values remain below 

8.5. 

Table 4. Soil classification according to salinity in the United States Salinity Laboratory in 

USEPA (2017). 

Soil reaction pH value Soil type 

8.5 < Non-saline soil 

8.5  > alkaline soil 

3.6. Health risk assessment model 

The average daily dose (ADD) of each analyzed trace element via ingestion, inhalation, and 

dermal contact was calculated using Equations (1), (2), and (3) (USEPA, 2017; Gabarron et 

al., 2017). 

〖ADD〗_ingestion=(C*Ring*EF*ED*1.0E-6)/(BW*AT) (1) 

〖ADD〗_inhalation=(C*Rinh*EF*ED)/(PEF*BW*AT) (2) 

〖ADD〗_dermal=(C*SA*SL*ED*EF*ABS*1.0E-6)/(BW*AT) (3) 

ADD values refer to the average daily absorption of each trace element through ingestion, 

inhalation, and dermal contact, expressed in units of mg/kg·day. Table 5 presents the 

exposure factors used in the dose models (USEPA, 2002; Gabarrón et al., 2017; Qadeer et al., 

2020; Tables 5 and 6). 
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Table 5. exposure factors for dose models (USEPA, 2002; Gabarrón et al., 2017; Qadeer et 

al., 2020). 

Children Adults Units Definition Parameter Items 

 
The current 

study (Table 7) 

Ppm 

 

Heavy metal 

concentration 
C 

Basic 

parameters 
1 ∗ 10−6 1 ∗ 10−6 Kg/mg Conversion factor CF 

350 350 Day/year exposure Frequency EF 

Exposure 

behavioral 

parameters 

6 24 in a year Exposure duration ED 

15 55.9 Kg Body weight BW 

365×ED 

 

365×ED 

 

Days 

 

Average Time –non 

carcinogen AT 

 
365*70 365*70 Days 

Average time of 

carcinogens 

200 100 Mg/Kg Ingestion rate 𝑅𝑖𝑛𝑔 
Digestive 

tract/ 

inhalation 

5 20 M3 /Kg Inhalation rate 𝑅𝑖𝑛ℎ 

1.32×109 1.32×109 M3 /Kg Particle emission factor PEF 

1800 5000 Cm2 skin surface area SA or AF 

Skin contact 
1 1 mg/cm2 Skin adherence factor SL 

0.001 0.001 Unit less Dermal absorption 
ABS 

( 𝑅𝑑𝑒𝑟𝑚) 

Table 6. Average concentrations of elements for three times (in ppm). 

 V Cr Co Ni Zn As Cd Pb 

North 191 429 20 218 106 11.8 2 12.5 

SE 204 677 23 229 100 10.4 2 11.5 

SW 201 401 20 243 97 11.3 2 11.4 

1.2.3 . Assessment of non-carcinogenic risks   

The non-cancer risk was assessed using the hazard quotient (HQ) for each trace element by 

dividing the ADD calculated from Equations (1), (2), and (3) by the reference dose (RfD) 

(EPA, 1989), as shown in Equation (4). 

HQ=  𝐴𝐷𝐷 𝑅𝐹𝐷⁄  (4) 

HQ > 1 indicates a potential for adverse health effects, while HQ < 1 suggests no expected 

health risk (Chonokhuu et al., 2019). The hazard index (HI) was then calculated by summing 

the HQ values from the three exposure pathways for each corresponding element (Zgłobicki 

& Telecka, 2021), as described by Equation (5). 
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HI=∫ HQ (5) 

If the HI value is less than 1, it indicates a very low risk; an HI between 1 and 4 suggests 

possible risk effects, while an HI greater than 4 indicates a high risk (Tan et al., 2021) (Table 

7). 

Table 7. Reference dose for non-cancer risks and slope factors for cancer risks assessment. 

El. 𝑹𝑭𝑫𝒊𝒏𝒈 𝑹𝑭𝑫𝒊𝒏𝒉 𝑹𝑭𝑫𝒅𝒆𝒓𝒎 𝑺𝑭𝒊𝒏𝒈 𝑺𝑭𝒊𝒏𝒉 𝑺𝑭𝒅𝒆𝒓𝒎 Refere. 

As 3.0 ∗ 10−4 3.0 ∗ 10−4 1.2 ∗ 10−4  1.5 ∗ 100  1.51 ∗ 101  3.66 ∗ 100  
(USEPA, 2009; Tan 

et al., 2021) 

Co 3.0 ∗ 10−4 2.0 ∗ 10−2 5.4 ∗ 10−3  -- 8.4 ∗ 10−1 -- 

(USEPA, 2009; 

Gabarron et al. 

2017) 

Cr 3.0 ∗ 10−3 2.86 ∗ 10−6 6.0 ∗ 10−5  5.0 ∗ 10−1 4.1 ∗ 10−1 -- 

(Gabarron et al., 

2017; Tan et al., 

2021) 

Ni 1.1 ∗ 10−2 6.0 ∗ 10−6 1.6 ∗ 10−2  1.7 ∗ 100  9.8 ∗ 100  -- 
(USEPA, 2009; 

USEPA, 2017) 

Pb 3.5 ∗ 10−3 3.5 ∗ 10−3 5.25 ∗ 10−4 8.5 ∗ 10−3 4.2 ∗ 10−2 -- 

(Gabarron et al., 

2017; Tan et al., 

2021) 

Zn 3.0 ∗ 10−1 3.0 ∗ 10−1 6.0 ∗ 10−2  -- -- -- 

(Gabarron et al., 

2017; USEPA, 

2021) 

The study indicates a higher non-cancer risk (HI > 1) for chromium (Cr) in both children and 

adults (Figure 3). When considering the average hazard index across the three sites (N, SE, 

and SW), the data reveal a non-cancer risk for children associated with the trace elements 

arsenic (As) and lead (Pb; Table 8, Figure 4). Chromium was the only element consistently 

associated with a non-cancer risk across all groups. These findings suggest a potential non-

carcinogenic health risk for children in the study area, primarily through ingestion and dermal 

contact. This is particularly concerning, as children frequently play in dust and often put their 

fingers or hands in their mouths during play. 

3.6.2. Assessment of the carcinogenic risk (CR) 

After calculating the average daily dose (ADD) for each exposure pathway, the carcinogenic 

risk (CR) was determined by multiplying the ADD by the corresponding slope factor (SF), as 

recommended by the USEPA (2016), using Equation (6). 

CR= ADD×SF (6) 
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The total cancer risk (TCR) is calculated as the sum of the carcinogenic risks (CR) from the 

three exposure pathways (Shabbaj et al., 2018), using Equation (7). 

TCR=∫ CR (7) 

Table 8. HQ and HI values for the elements in the dust of the study area. 

Metals Pathway 
North South East South West 

Adults Children Adults Children Adults Children 

Arsenic 

HQ ing 6.74 ∗ 10−1 5.02 ∗ 10−2 5.94 ∗ 10−2 4.43 ∗ 10−1 6.46 ∗ 10−2 4.82 ∗ 10−1 

HQ inh 1.02 ∗ 10−5 1.71 ∗ 10−4 9.01 ∗ 10−6 5.23 ∗ 10−5 9.78 ∗ 10−6 5.47 ∗ 10−5 

HQ derm 3.51 ∗ 10−4 1.96 ∗ 10−4 3.09 ∗ 10−4 1.80 ∗ 10−3 3.64 ∗ 10−3 1.88 ∗ 10−3 

HI 6.75 ∗ 10−1 5.06 ∗ 10−2 5.97 ∗ 10−2 4.45 ∗ 10−1 6.79 ∗ 10−2 4.84 ∗ 100 

Lead 

HQ ing 6.12 ∗ 10−2 4.5 ∗ 10−2 5.63 ∗ 10−3 4.20 ∗ 100 5.58 ∗ 10−3 4.16 ∗ 10−2 

HQ inh 9.28 ∗ 10−7 5.18 ∗ 10−6 8.53 ∗ 10−7 4.77 ∗ 10−6 9.87 ∗ 10−7 4.73 ∗ 10−6 

HQ derm 8.50 ∗ 10−5 4.76 ∗ 10−4 7.82 ∗ 10−5 4.38 ∗ 10−1 3.32 ∗ 10−4 4.38 ∗ 10−4 

HI 6.13 ∗ 10−2 4.61 ∗ 10−2 5.71 ∗ 10−3 4.6 ∗ 100 5.91 ∗ 10−3 4.20 ∗ 10−2 

Cobalt 

HQ ing 1.14 ∗ 10−1 8.52 ∗ 10−1 1.31 ∗ 10−1 9.80 ∗ 10−1 1.14 ∗ 10_1 8.52 ∗ 10−1 

HQ inh 2.59 ∗ 10−2 1.45 ∗ 10−6 2.98 ∗ 10−7 1.67 ∗ 10−6 2.59 ∗ 10_2 1.45 ∗ 10−6 

HQ derm 1.32 ∗ 10−5 7.40 ∗ 10−5 1.52 ∗ 10−5 8.51 ∗ 10−4 1.32 ∗ 10_5 7.40 ∗ 10−5 

HI 1.40 ∗ 10−1 8.52 ∗ 10−1 1.31 ∗ 10−1 9.80 ∗ 10−1 1.4 ∗ 10−1 8.52 ∗ 10−1 

Zinc 

HQ ing 6.06 ∗ 10−4 4.51 ∗ 10−3 5.71 ∗ 10−4 4.26 ∗ 10−3 5.54 ∗ 10−4 4.13 ∗ 10−3 

HQ inh 9.18 ∗ 10−8 5.13 ∗ 10−7 8.66 ∗ 10−8 4.84 ∗ 10−7 8.40 ∗ 10−8 4.69 ∗ 10−7 

HQ derm 6.31 ∗ 10−6 3.53 ∗ 10−5 5.95 ∗ 10−6 3.33 ∗ 10−5 5.77 ∗ 10−6 3.23 ∗ 10−5 

HI 6.12 ∗ 10−4 4.55 ∗ 10−3 5.77 ∗ 10−4 4.29 ∗ 10−3 5.60 ∗ 10−4 4.16 ∗ 10−3 

Nickel 

HQ ing 3.39 ∗ 10−2 2.53 ∗ 10−1 3.57 ∗ 10−2 2.66 ∗ 10−1 3.78 ∗ 10−2 2.82 ∗ 10−1 

HQ inh 9.44 ∗ 10−3 5.27 ∗ 10−2 9.91 ∗ 10−3 5.54 ∗ 10−2 1.05 ∗ 10−2 5.88 ∗ 10−2 

HQ derm 4.86 ∗ 10−5 2.72 ∗ 10−4 2.86 ∗ 10−4 2.86 ∗ 10−4 5.42 ∗ 10−6 3.03 ∗ 10−4 

HI 4.34 ∗ 10−2 3.06 ∗ 10−1 4.59 ∗ 10−2 3.21 ∗ 10−1 4.84 ∗ 10−2 3.41 ∗ 10−1 

Chromium 

HQ ing 2.45 ∗ 10−1 1.82 ∗ 100 3.87 ∗ 10−1 2.88 ∗ 100 2.29 ∗ 10−1 1.70 ∗ 100 

HQ inh 3.71 ∗ 10−5 2.07 ∗ 10−4 5.86 ∗ 10−5 3.27 ∗ 10−4 3.47 ∗ 10−5 1.94 ∗ 10−4 

HQ derm 5.72 ∗ 10−1 3.00 ∗ 100 8.45 ∗ 10−1 5.05 ∗ 100 5.01 ∗ 10−1 2.80 ∗ 100 

HI 8.17 ∗ 10−1 4.82 ∗ 100 1.23 ∗ 100 7.93 ∗ 100 7.30 ∗ 10−1 4.51 ∗ 100 
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Figure 3. Contribution of elements to non-cancer risk. 

 

Figure 4. Contribution of elements to cancer risk. 

The tolerable risk level is generally considered to fall within the range of 10⁻⁶ to 10⁻⁴. Risks 

are classified as follows: very low (<10⁻⁶), low (10⁻⁶ – 10⁻⁵), medium (10⁻⁵ – 10⁻⁴), high                

(10⁻⁴ – 10⁻³), and very high (>10⁻³) (USEPA, 2016). This study indicates that nickel (Ni) 

poses a carcinogenic risk for adults, with a TCR value greater than 1.0 × 10⁻⁴, while 

chromium (Cr) presents a carcinogenic risk for children (Figure 4). The findings also suggest 

a possible carcinogenic risk (TCR between 1.0 × 10⁻⁶ and 1.0×10⁻⁴) from Ni, arsenic (As), 

and lead (Pb) for children, and a potential risk from Cr for adults. Moreover, the study shows 

no carcinogenic risk associated with cobalt (Co) and Pb for both adults and children. The 
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descending order of CR and TCR values is as follows: For adults: Ni > Cr > As > Pb > Co. 

For children: Cr > Ni > As > Pb > Co (Table 9). 

Table 9. CR and TCR for elements of the study area. 

𝑷𝒂𝒕𝒉𝒘𝒂𝒚 𝑴𝒆𝒕𝒂𝒍𝒔⁄  Cr Co Ni Pb As 

𝐶𝑅
𝑖𝑛𝑔⁄  

Adult 

4.77 ∗ 10−4 ----- 2.29 ∗ 10−3 5.89 ∗ 10−8 9.85 ∗ 10−6 

𝐶𝑅
𝑖𝑛ℎ⁄  1.82 ∗ 10−8 1.57 ∗ 10−9 2.44 ∗ 10−7 4.41 ∗ 10−11 1.50 ∗ 10−8 

𝐶𝑅
𝑑𝑒𝑟𝑚⁄  2.25 ∗ 10−5 ------ ------ ------ 5.00 ∗ 10−8 

TCR 4.79 ∗ 10−5 1.57 ∗ 10−9 2.29 ∗ 10−3 5.89 ∗ 10−8 9.91 ∗ 10−6 

𝐶𝑅
𝑖𝑛𝑔⁄  

Children 

2.75 ∗ 10−4 ------ 4.28 ∗ 10−4 1.09 ∗ 10−7 1.83 ∗ 10−5 

𝐶𝑅
𝑖𝑛ℎ⁄  4.27 ∗ 10−9 3.66 ∗ 10−10 4.67 ∗ 10−8 1.02 ∗ 10−11 3.49 ∗ 10−9 

𝐶𝑅
𝑑𝑒𝑟𝑚⁄  3.02 ∗ 10−6 ------ ------ ------ 6.71 ∗ 10−8 

TCR 2.75 ∗ 10−3 3.66 ∗ 10−10 4.28 ∗ 10−4 1.09 ∗ 10−7 1.83 ∗ 10−5 

4. Conclusions 

The pH value in the study area was found to range from moderate to alkaline. This alkalinity 

is attributed to the presence of alkaline chemical elements within the clay minerals that make 

up the transported dust, giving it an overall alkaline character. The origin of the organic 

matter, total dissolved salts, and other chemical compounds transported with the dust during 

storms in the study area is likely either from source rocks that have undergone weathering and 

become friable due to wind erosion, or from various anthropogenic sources such as 

agricultural and industrial wastes that are carried by wind from their source to the deposition 

area. The substances lost from the dust during the ignition process are primarily chemical 

compounds that contain water molecules, such as calcium oxides and sulfates. The hazard 

index (HI) was found to be less than one for all elements, indicating no significant non-

carcinogenic risk for both children and adults—except for chromium (Cr), which showed an 

HI greater than one for children. In terms of carcinogenic risk, nickel (Ni), arsenic (As), and 

lead (Pb) pose potential risks for children, while chromium (Cr) poses a potential 

carcinogenic risk for adults. In this study, the hazard index (HI) values for adults, in 

descending order, were Cr > As > Co > Pb > Ni > Zn, and for children, Cr > Co > Ni > As > 

Pb > Zn. The carcinogenic risk (CR) and total cancer risk (TCR) values followed the order: 

For adults: Ni > Cr > As > Pb > Co, For children: Cr > Ni > As > Pb > Co. 
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