
  
Iraqi Geological Journal                       Al-Dulaimi et al.   2021, 54 (2F), 120-130 

 

Iraqi Geological Journal 
 

Journal homepage: https://www.igj-iraq.org 

 

 

DOI: 10.46717/igj.54.2F.11ms-2021-12-28 

 

120 

Concentration, Distribution, and Potential Sources of Heavy Metals in 

Households Dust in Al-Fallujah, Iraq 

Eman M. Al-Dulaimi 1, Sufyan M. Shartooh1, Emad A. Al-Heety2,* 

1 Department of Biology, College of Science, University of Anbar, Anbar, Iraq 
2 Department of Applied Geology, College of Science, University of Anbar, Iraq 

* Correspondence: emadsalah@uoanbar.edu.iq  

Received: 17 June 2021; Accepted: 1 September 2021; Published: 31 December 2021 

Abstract 

Household dust pollution with heavy metals attracted the attention of researchers and environmental managers 

due to the risk of the health of these metals. The study aims are to determine heavy metals concentrations (Cd, 

Cr, Cu, Ni, Pb, Zn), their spatial distribution, and their potential sources in the household dust of Al-Fallujah 

City, Iraq. The dust was sampled from 50 houses. The heavy metals levels in the dust were measured using the 

atomic absorption spectrophotometry method. The mean concentration of heavy metal was ordered as following: 

Zn (292.85 mg/kg) > Cr (289.45 mg/kg) > Ni (105.72 mg/kg) > Pb (75.57 mg/kg) > Cu (65.03 mg/kg) > Cd 

(14.77 mg/kg). The mean concentration of these metals exceeded the reference values. The areal distribution of 

the reported heavy metals showed specific and non-specific patterns indicating point and non-point pollution 

sources. The heavy metals potential sources in house dust in the study area were characterized using correlation, 

Principle components and cluster analyses. The potential sources for Cd, Cu and Pb were interior and exterior 

sources, while the Ni and Cr were derived from internal sources. This study provides the environmental protection 

managers and decision-makers with important information about heavy metals concentrations and their sources 

in indoor environments.  
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1. Introduction 

Globally, indoor environments have attracted increasing interest due to the rapid urbanization (Shi 

and Wang, 2021). People spend the majority of their time in indoor environments (homes, workplaces, 

schools ... etc.) exposed to the air of those environments (Andrade and Dominski, 2018). The chances 

of exposure to indoor environment pollutants increase by 1,000 times compared to the chances of 

exposure to those pollutants in outdoor environments (Hwang et al., 2008). Among the pollutants of 

dangerous indoor environments are heavy metals that have received great attention among people due 

to their high toxicity, non-degradable and harmful effects on humans. House dust acts as a sink and 

source of the heavy metals (Yadav et al., 2019; Arar et al., 2019). Household dust is defined as the fine 

settled or particulate airborne materials found in the indoor household environment. Household dust is 

defined as a mixture of organic and inorganic particles generated from atmospheric precipitation, 

anthropogenic activities, and outdoor dust transport (Hassan, 2012). Regardless of the source of the 

https://www.igj-iraq.org/
https://doi.org/10.46717/igj.54.2F.11ms-2021-12-28
mailto:emadsalah@uoanbar.edu.iq


Iraqi Geological Journal                       Al-Dulaimi et al. 2021, 54 (2F), 120-130 

 

 

 

121 

heavy metals, whether natural or human, heavy metals tend to settle and accumulate in internal floor 

dust (Arar et al., 2019, Clark et al., 2020). The heavy metals sources in household dust are classified 

into endogenic and exogenicl sources. The endogeneic sources comprise materials used by residents of 

the house (such as, cookers, heaters, consumer products, building materials, and furniture) as well as 

daily activities (such as smoking, burning incense, vacuuming, cleaning and leakage of external 

pollutants (Kabata-Penias, 2011; Awadh, 2015). The exogenic sources include traffic emissions, road 

dust, as some heavy elements are liberated from tire wear, and metal parts corrosion of vehicles (Lavado 

et al., 2007). In recent years, House dust contaminated with heavy metals has received more and more 

attention as it relates to health of human. A numerous studies have been performed to evaluate the metals 

concentrations in household dust around the world, e.g., India (Kumar and Scott, 2009; Yaparla et al., 

2019 ), Australia (Chattopadhyay et al., 2003), Turkey (Kurt-Karakus, 2012 ), China (Zhao et al., 2020, 

Cheng et al., 2018; Wang et al., 2020), Saudi Arabia (Albar et al., 2019), Iran (Sobhanardakani, 2018; 

Hashemi et al., 2020), Canada (Al Hejami et al., 2019), Jordan (Arar et al., 2019; Al-Madanat et al., 

2017), Egypt (Jadoon et al., 2020),  Nepal (Yadav et al., 2019), Trinidad, WI (Clark et al., 2020), USA 

(Matt et al.,2021). A study was conducted on indoor dust pollution (classroom dust) in primary schools 

and kindergartens in Ramadi City, Iraq (Rahdi et al., 2021). As far as we know so far, no study has been 

carried out on household dust contamination with metals in Iraq. Thus, this research is the first attempt 

to evaluate the HMs levels in the household dust in Iraq. The objectives of this work are to (1) measure 

of some metal’s concentrations in house dust in Al-Fallujah City, Iraq, (2) investigate the spatial 

distribution of metals in the house dust, and (3) identify the metals sources in the house dust. 

2. Materials and Methods 

2.1. Study Area Description 

Fallujah City is located to the west of the capital of Iraq, Baghdad, at latitude 33o 21' 13" N and 

Longitude 43o 46' 46" E, Figure 1. The population of Al-Fallujah City is 426770 inhabitants in 2020 and 

the area of Al-Fallujah City Centre is 478 Km2 (CSO, 2020). The climate of Fallujah City is hot desert 

with little precipitation in winter. Fallujah City is distinguished by its traffic density and various 

industrial activities.  

2.2. Sampling Collection and Analysis 

From October to November 2020, the dust samples were collected from fifty households randomly 

distributed (Fig. 2). The dust was sampled from every part (door sills, windows sills, and floors) in the 

household except for kitchens and bathrooms. The dust was collected using brushes and aluminum paper 

and reserved in zipper bags. The samples were dried at 104oC for two days and then sieved by using a 

stainless-steel sieve of 106 μm diameter. The dust samples were then homogenized with porcelain pestle 

and mortar. They were held in a polyethylene vessel arranged for assimilation and examination. Closed 

container microwave-assisted acid assimilation method beneath large temperature and pressure has been 

rut (CCME, 1999), which evades the exogenic pollution and entails shorter period of time and littler 

amounts of acids, thus promoting limits of detection and total accuracy of the testing technique (Valeria 

et al., 2003). Half grams of dust sample were put into the reference vessel. Twenty-five milliliters of 

mixture (HCl: H2SO4: HNO3, 3:2:1) was then added to the reaction container which was introduced 

into the unit of microwave. After digestion, solution is cooled and filtrated. The filtrated sample was 

then pretended to 50 ml with filtered water and kept in specific vessels. AAS (Atomic Absorption 

Spectrometry) instrument (Phoenix - 986, USA) was used to measure heavy metal level in the dust 

samples. 
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Fig. 1. Location map of Al- Fallujah City 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Locations of the sampled households in Al- Fallujah City 

2.3. Identification of Potential Sources of Heavy Metals 

Three statistical methods, correlation matrix, cluster analysis (CA) and principal component 

analysis (PCA) were employed to identify heavy metals sources in soils (Yaylah-Abanuz, 2011), in 
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sediment (Arfaeinia et al., 2019) and indoor dust (Hashemi et al., 2020; Rahdi et al., 2021). The results 

of used methods partly confirm each other (Zgłobicki et al., 2018). 

2.3.1. Correlation Matrix Analysis 

The matrix correlation analysis is a statistical method used for potential linear evaluation. The 

accurate use of correlation depends on the type of parameter and on the types of existing variables 

studied (Mukaka, 2012). It is also known as effective factor analysis to exhibit the relations between 

multiplied variables, including affecting factors, beside the chemical elements sources (Li et al., 2013). 

The coefficient of correlation (Cf > 0.7) is interpreted as a strong correlation, while the value between 

(Cf = 0.5-0.7)) reflects a moderate correlation and the value of the correlation coefficient (Cf < 0.5) is 

interpreted as a low correlation (Pam et al., 2011). 

2.3.2. Cluster Analysis (CA) 

CA is a preparatory method for data analysis for the purpose of resolving the data sorting problem. 

This method aims to sort data into nodules or groups. Each cluster exhibits high internal homogeneity 

and high external heterogeneity (McGarigal et al., 2013). The most common method in cluster analysis 

is Hierarchical Cluster Analysis, which begins by sorting the data into separate clusters and then links 

the clusters together stepwise until only one cluster exists (McKenna, 2003). The cluster analysis results 

are represented in form of Dendogram or Binary tree (Soffianian et al., 2014). 

2.3.3. Principle Components Analysis (PCA) 

PCA is a method of analyzing observations expressed in matrix data form described by several 

Dependent Variables that are generally inter-correlated (Adeyi and Torto, 2014). The analysis of the 

basic components aims to obtain important information in the form of a set of previously inferred 

variables which are called the basic components, factors, eigenvectors, and loadings. Each unit is 

assigned a score that correlates with its prediction on PCs. 

2.4. Quality Assurance and Quality Control (QA/QC) 

Quality Assurance and Quality Control (QA/QC) include the procedural blank, duplicate analysis 

and standard reference materials (BDH from UAE). Recovery ratios for the metals in the standard 

reference material were 99.92% (Cd), 99.22% (Co), 96.43% (Cr), 99.43% (Cu), 98.65% (Ni), 97.32% 

(Pb) and 98.72% (Zn), respectively. 

2.5. Statistical Analysis 

   The descriptive statistics, correlation matrix analysis, principal component analysis (PCA), and 

cluster analysis (CA) were performed using the academic statistics software package STATISTICA - 

version 13.3 for Windows.  

3. Results and Discussion 

3.1. Heavy Metals in Household Dust 

Results of the descriptive statistics of heavy metals concentrations in household dust in Al-Fallujah 

City are  listed in Table 1. The descending order of heavy metals concentrations in household dust in 

Al-Fallujah City is as follows: Zn (292.85mg/kg) > Cr (298.45mg/kg) > Ni (105.72 mg/kg) > Pb (75.57 

mg/kg) > Cu (65.03 mg/kg) > Cd (14.77 mg/kg). The coefficient of variance (CV) is used to explain the 

areal changeability of metals. In this study, the CV of metals in house dust ranged from 35.19 to 72.43%. 
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The heavy metals (Cd, Cr, Cu, Ni, Pb, and Zn) exhibited relatively higher changeability in household 

dust indicating the potential point source pollution. The Cr had the largest CV with a value of 72.43%, 

reflecting higher variation of Cr in household dust, while the Ni had the lowest CV with a value of 

35.19%, pointing to weak variability and stable distribution within the area of study. 

Table 1. Descriptive statistics of total concentration (mg/kg) of heavy metals in household dust in Al-

Fallujah City, with values of international guidelines 

Guidelines 
Coef. Var. 

CV 
Std. Dev. Max. Min. Mean Metal CCME 

SQG 

USEPA 

SQG 

10 0.6 45.83 6.77 29.95 4.15 14.77 Cd 

64 25 72.43 209.67 650.25 32.00 289.45 Cr 

63 16 70.22 45.66 264.10 16.00 65.03 Cu 

50 16 35.19 37.20 195.15 48.35 105.72 Ni 

140 40 38.15 28.83 168.60 35.65 75.57 Pb 

200 110 49.71 145.59 586.50 40.25 292.85 Zn 

The heavy metals concentration in dust was compared with soil guidelines for metals because there 

are no dust guidelines for heavy metals. The United States Soil Quality Guidelines (USSQG) and the 

Canadian Soil Quality Guidelines (CSQG) provided by the United States Environmental Protection 

(USEPA, 1999) and Canadian Council of Ministers of the Environment (CCME, 2014), respectively, 

were used for comparison purpose in the present study. The mean concentrations of Cd, Cr, Cu, Ni, Pb, 

and Zn exceeded the acceptable levels in the USSQG, while all the metals are higher than the references 

values in the CSQG except for Pb was lower than the acceptance level. Due to the lack of published 

studies on the of heavy metals concentrations in Iraqi cities, the mean concentration of metals in house 

dust in Al-Fallujah City have been compared with the mean concentration of the same metals in cities 

across the world, Table 2. The Cu, Pb, and Zn concentrations in household dust from Al-Fallujah City 

were less than in the cities from Australia, China, Iran, Saudi Arabia, while the Cd, Cr, and Ni 

concentrations were higher than in house dust from all cities. The comparison result is likely a result of 

different endogenic sources of metals present in indoor particles and different exogenic sources of metals 

inserted to the houses. 

Table 2. The concentrations of heavy metals in household dust from Al-Fallujah City, Iraq and other cities. 

Reference 
Concentration mean (mg/kg) No of 

samples 
Country 

Zn Pb Ni Cu Cr Cd 

This study 292.85 75.57 105.7 65.03 289.45 14.77 50 Al-Fallujah, Iraq 

Chattopadhyay et al. (2003) 372 76.2 15.1 93.3 64.5 1.64 82 Sydney, Australia 

Cheng et al. (2018) 657 123 52.6 161 82.7 2.37 90 Chengdu, China 

Hashemi et al.2020 567.18 209.0 57.09 186.09 143.20 5.31 19 Bushehr, Iran 

Al Hejami et al.(2019) 386 36 23 136 42 1.7 67 Toronto, Canda 

Albar et al. (2019 489 n.a 32.2 94.1 46.7 0.54 20 Jeddah, Saudi Arabia 

Jadoon et al. (2020) 771 260 25.1 141 29.2 0.77 24 Alexandria, Egypt 

Kurt-Karakus  (2012) 832 28.1 263 156 54.9 0.80 31 Istanbul, Turkey 

3.2. Spatial Distribution of Heavy Metals 

  Maps of the spatial distribution of heavy metals were constructed using Arc map (version 10.8) 

software, (Fig. 3). The distribution map of Cd concentrations shows a number of hot spots (high 

anomalies) distributed over on the entire of the study area that may be attributed to the common effect 

of point-pollution endogenic sources and non-point pollution exogenetic sources of Cd. The spatial 

distribution map of Cr concentration showed a remarkable change in the distribution, as there are many 

hot spots (high concentration) in the sample collection sites located in the old city as well as in the south 
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eastern parts of the study area adjacent to the industrial city. This distribution reflects the common 

contribution of both indoor and outdoor Cr sources. In general, there is a similarity in the spatial 

distribution pattern between chromium and cadmium, and this may indicate the common source of both. 

The spatial distribution map did not show a specific type of distribution as was evident in the spatial 

distribution of cadmium and chromium. There is limited number of hot spots in the Cu spatial 

distribution map and this may explain in the term of the external source of copper or the non-point source 

of pollution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Spatial distribution maps of heavy metals in household dust in Al-Fallujah City. 
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The spatial distribution of Ni concentrations in household dust in Fallujah city showed an increase 

in the concentration in the sample collection sites in the south eastern parts close to the industrial region, 

and an only one hot spot (high anomaly) appeared in these parts. The small number of hot spots is 

explained in the term of non-point sources of Ni. There are two hot spots (high anomalies) of Pb 

concentrations in house dust in Al-Fallujah, one of them located in the south western part and the other 

in the north central part. The distribution map did not show a specific distribution pattern, and this may 

reflect the diversity of lead dust pollution sources. The spatial distribution map of Zn concentrations 

showed a distribution pattern different from the rest of the heavy elements in the studied area. The hot 

spots were distributed in the northwest and north central parts of the studied area. The pattern of 

distribution of concentrations can be explained in terms of point sources and / or non-point sources of 

pollution.  

3.3. Identification of Potential Sources of Heavy Metals 

3.3.1. Correlation matrix analysis 

The correlation matrix analysis results were used to investigate the interrelationships among metals 

in household dust in Al-Fallujah City and their potential origins or sources. The significant positive good 

and strong correlation relations indicate the common origin / source and routes of the heavy metals. The  

correlation coefficients for metals in the household dust of Al-Fallujah City are listed in Table 3. A 

significant positive correlation at P < 0.05 was found between Cd-Cu (R= 0.32), Cd-Ni (R=0.73), and 

Cd-Pb (R=0.92). The correlation analysis showed significant positive correlation relations between Cr-

Ni (R=0.45), Cr-Pb (R=0.29), Cu-Pb (R=0.37), and Ni-Pb (R=0.65). These positive significant 

correlation relations can be interpreted in term of the common sources/origins.  

Table 3. Pearson correlation coefficient of heavy metals in households’ dust in Al-Fallujah City,         

marked correlations are significant at P < 0.05.     

Metal Cd Cr Cu Ni Pb Zn 

Cd 1.00 
1.00 

 

 

1.00 

 

 

 

1.00 

 

 

 

 

1.00 

 

 

 

 

 

1.00 

Cr 0.22 

Cu 0.32 -0.11 

Ni 0.73 0.45 -0.08 

Pb 0.92 0.29 0.37 0.65 

Zn 0.20 0.17 0.25 0.18 0.27 

3.3.2. Principle component analysis (PCA) 

PCA was employed to detemine the heavy metals sources in household dust in Al-Fallujah City by 

applying varimax rotation with Kaiser Normalization. The results of PCA are listed in Table 4. Two 

large factors were extracted with an eigenvalue greater than 1 and constituted 69.93 % of total variance. 

Factor 1 elucidated 48.23% of variation in metal data with largest positive loadings on Ni (0.89), Cr 

(0.72), Cd (0.65), and Pb (0.63). Cr leaching, which preserves wood used in household furniture, is a 

source of chrome in household dust (4). Cr, Cd and Ni in household dust are derived from stainless steel 

and the efflorescence of alloy (Cheng et al., 2018). The indoor smoking cigarettes of tobacco could 

release the Pb, Cd and Ni into the house dust (Matt et al., 2021; Pourkhabbaz and Pourkhabbaz, 2012). 

Pb and Cd released from color pigments and ornamental material could directly contaminate the 

household dust (Jabeen et al., 2001; Yoshinaga et al., 2014; Hashemi et al., 2020). Factor 1 is indicated 

to indoor anthropogenic sources for Cd, Cr, Ni, and Pb. The significant correlations among Cd, Cr, Ni 
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and Pb refer to similar sources particularly from the anthropogenic sources which support the PCA 

results. Factor 2 explained 21.70 the total variance and positive great loadings on Cu (0.85), Pb (0.69) 

and Cd (0.66).The vehicle, traffic emissions and emissions from lubricating oil combustion, vehicle oils, 

tire wear, engine wear and tear were accounted as Cu, Pb and Cd sources in the external and internal 

dust (Al-Khashman 2004, 2007; Dwivedi et al.,2006 ; Men et al., 2018; Zgłobicki et al., 2018; Jin et al., 

2019). Factor 2 is referred to outdoor human sources for Cu, Pb, and Cd. The significant correlations 

among Cu, Pb, and Cd refer to common sources especially from the anthropogenic sources which 

support the PCA results. Factor 2 includes the Zn with low loading. The high concentration of Zn in 

dust comes from the smelting and mining industries (Du et al., 2014) and the wear of the moving car 

parts (tyer wear, brake, valves), (Al-Khashman, 2004).   

Table 4. Factor loadings (varimax rotation) of heavy metals total concentrations in household dust in 

Al-Fallujah City, marked loadings are > 0.60. 

Metal Factor 1 Factor 2 

Cd 0.65 0.66 

Cr 0.72 -0.13 

Cu -0.27 0.85 

Ni 0.89 0.20 

Pb 0.63 0.69 

Zn 0.12 0.48 

Eigenvalue 2.89 1.30 

% Total 

variance 
48.23 21.70 

Cumulative 

% 
48.23 69.93 

3.3.3. Cluster analysis (CA) 

The hierarchical cluster analysis (HCA) result for metals in house dust is illustrated in Fig. 4 as a 

dendrogram. Fig. 4 shows two clusters: (I) includes Zn and the cluster (II) contains Cd – Cu – Cr- Ni – 

Pb. The elements of  (II) joint together at high degree of similarity, possibly suggesting a common 

origin or source and shows  high degree of heterogeneity with cluster (I) , may be originated  from 

other origin or sources. The results of CA supported the results of PCA and correlation matrix analysis. 

 

 

 

 

 

 

 

Fig.4. Dendrogram results of hierarchical cluster analysis for heavy metals in house hold dust in Al-

Fallujah City 
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 Results of the correlation matrix analysis, CA, and PCA showed that the Cd, Cu and Pb in 

household dust in Al-Fallugah City may be derived from indoor and outdoor human sources, while the 

Ni and Cr released from indoor human sources. The Zn sources are coming from the industrial activities 

and the moving car parts.  

4. Conclusions 

The mean concentration of Cd, Cr, Cu, Ni, Pb, and Zn in household dust in Al-Fallujah City is 

higher than the background guidelines suggesting pollution of house dust with heavy metals. The spatial 

distribution of the heavy metals in house dust showed specific patterns for some metals and non-specific 

for others indicating point-source and non-point pollution sources. The potential sources of heavy metals 

are interior /or exterior anthropogenic sources. 
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