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Abstract: Researchers and environmental managers have been interested in household dust pollution because
exposure to heavy metals has a detrimental effect on health. This study aims to determine heavy metals
concentrations (Cd, Cr, Cu, Ni, Pb and Zn), pollution level, and their potential sources in the household dust of
Ramadi City, Iraq. The dust was collected from 35 houses. The atomic absorption spectrophotometry method
was used to measure concentrations of heavy metals in the dust. The following was the order of the heavy metal
mean concentration: Zn > Ni > Cu > Pb > Cr > Cd. These metals’ mean concentrations are below background
guidelines. The descending order of the EF values for the measured metals is as follows: Ni (6.35) > Cu (5.40)
> Pb (1.53 > Cr (1.24) > Zn (1.14) > Cd (0.84). Results of the calculation of CF for metals measured in house
dust in Ramadi City showed values of less than 1 (CF < 1 indicating a minimum contamination level. Based on
the results of multivariate statistics (correlation matrix, cluster and principle components analysis), sources of
Cr, Cu, Ni and Zn are indoor anthropogenic sources while the sources of Cd and Pb are outdoor anthropogenic.
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Introduction

The U.S. Environmental Protection Agency states that
internal dust is more polluted than external dust and
requires attention (Tan et al., 2016). The accelerated
urbanization has resulted in a growing interest in
the quality of indoor dust (Shi and Wang, 2021).
Approximately 90% of the time that people spend
nowadays is in indoor environments (Gonzalez-Martin
et al., 2020). One thousand times more likely to be
exposed to pollutants indoors than outdoors (Hwang et
al., 2008). Dust is defined as tiny powdery particulate
matter that precipitates or is suspended in the air in
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indoor environments and is any particle less than
300 um (Turner, 2011). The term “household dust”
refers to a mixture of organic and inorganic particles
produced by atmospheric deposition, human activity,
and outdoor dust transmission (Hassan, 2012). Heavy
metals, which have drawn a lot of attention owing to
their high toxicity, inability to degrade, and adverse
impacts on humans, are among the contaminants of
hazardous indoor environments. Heavy metals are both
sucked into and released from household dust (Arar et
al., 2019). Heavy metals tend to settle and accumulate
in interior floor dust, regardless of their origin, whether
they come from a natural or human source (Clark et al.,
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2020). In addition to internal sources like fuel burning,
ornamental materials, cooking, and smoking, heavy
metals in dust can also come from exterior sources
including soil, mining, smelting, industrial processes,
and vehicle emissions (Yadav et al., 2019). As it relates
to human health, heavy metal-contaminated house dust
has attracted increasing attention in recent years. Several
research works have been carried out to assess the metal
concentrations in house dust globally, including those
in Canada (Al Hejami et al., 2019), China (Wang et al.,
2020; Zhao et al., 2020), Egypt (Jadoon et al., 2020),
India (Yaparla et al., 2019), Iran (Hashemi et al. 2020;
Tashakor et al., 2022), Jordan (Arar et al., 2019), Nepal
(Yadav et al., 2019), Saudi Arabia (Albar et al., 2020),
Trinidad (Clark et al., 2020), Turkey (Gul et al., 2023),
USA (Dietrich et al., 2023; Matt et al., 2021). In Iraq,
only one study on the contamination of household dust
with heavy metals was carried out in Fallujah City,
Anbar governorate (Al-Dulaimi et al., 2021).

The major objectives of this study are to (1) quantify
the concentrations of heavy metals (Cd, Cr, Cu, Ni, Pb,
and Zn) in samples of home dust collected in Ramadi
City, Anbar governorate, (2) to evaluate the pollution
level, and (3) to determine the source of heavy metals
in house dust.

Materials and Methods

Description of the Study Area

The Anbar Governorate’s capital is Ramadi City, located
at 33°25°51.11” N and 43° 17°42.21” E (Figure 1). The
city of Ramadi has a hot and dry desert climate with few
precipitations in winter. Ramadi City is characterised by
the presence of some industrial factories and workshops
in addition to increasing the number of vehicles and the
resulting high traffic emissions.

Sampling and Analysis

Dust samples have been collected in May and June 2023
from 35 randomly selected homes, as shown in Figure
2. Except for the kitchen and bathroom, every surface
in the house—including the flooring and window sills—
was sampled for dust. Physical properties of the house,
such as vicinity to major roads, number of dwellers and
the habits of the occupants such as cooking, sweeping
and cleaning are listed in Table 1.

Brushes and aluminum paper were used to collect
the dust, which was then stored in plastic containers.
After being dried, homogenised, and crushed using
ceramic mortar (agate), a stainless steel sieve with a
diameter of 106 mm was used to sift the dust samples.

In a 3:1 ratio, nitric acid and hydrochloric acid were
used to make the digesting dust. Then, 1 gram of the dry
sample was combined with 10 cc of the prepared citrus
combination, which had already been weighed, and
mixed. The mixture was then placed in the microwave
and digested for 15 minutes at 190 °C to nearly dry,
following which it was allowed to cool and then rinsed
with deionised water to remove the full sample. A
Whitmann (42 Mm) filter was used to filter it after that,
and 50 ml of distilled water was added to the mixture
to complete the process (Islam et al., 2015). At the
Anbar Water Directorate’s Central Water Laboratory, the
digested samples are examined for Cd, Cr, Cu, Fe, Ni,
Pb and Zn using an atomic absorption flame emission
spectrometer (ASC.7000).

Pollution Level Assessment

The pollution level in sediment, soil, and dust samples
is measured using a variety of indices. The heavy metal
pollution level in samples of Ramadi City household
dust was determined using the enrichment factor (EF)
and contamination factor (CF).

Enrichment Factor (EF)

The enrichment factor (EF), frequently used to compare
an element’s abundance in a sample medium to its
normal natural abundance, reveals how much human
activity has contributed to the existence of an element
there (Gul et al., 2023). Using the formula suggested
by Barbieri (2016), the EF was determined as follows:

B (TE/RE) Sample .
(TE/RE) Background Value (1)

where TE is the metal concentration as determined by
the dust sample, and RE denotes the standard metal. Iron
was selected as the normalising element since natural
sources (1.5%) make up the great majority of its input
(Tippie, 1984). The enrichment factor categories are in
the following order: deficiency to minimal enrichment
(EF <2), moderate enrichment (2 < EF <5), significant
enrichment (5 < EF < 20), very high enrichment (20
<EF < 40) and extremely high enrichment (EF > 40)
(Mmolawa et al., 2011).

Contamination Factor (CF)

The degree of metal contamination in dust is expressed
using the contamination factor (CF), which is calculated
as follows:

_ (Cm) Sample
(Cm) Background

2
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Figure 1: Location map of the study area.
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Figure 2: Sampling sites map.
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Table 1: Properties of the sampling sites

Parameters

Values (number of samples in each class)

Age of the house (year)

Type of street outside the house
Distance of the house from the street (meter)

Stationary pollution source < 10 meters from the house

If the house is attached

Time since the house was painted (year)
Presence of a garage in the house

If the garage is attached to the house

Age of garage (year)

Distance of the garage lot to the house (meter)
Floor cover

Frequency of sweeping the carpet (No. time/month)
Frequency of cleaning the carpet (No. time/month)

Open windows time (hour)
Open windows frequency (No. time/month)

Cooking frequency (No. time/day)
Cooking fuel

Air conditioning

Presence of pets in the house
Floor level of the house

Number of occupants

1-10 (8), 10-20 (10), 20-30 (5), 30-40 (5),

40-50(3) , 50-60 (4)

1 lane (22), 2 lane (12), Dead end (1)

1-10 (14), 10-20 (12), 20-30 (3), 30-40 (2),

40-50 (2), No street (2)

Yes (1) , No (34)

Attached (10) , Detached (25)

1-10 (25), 10-20 (6), 20-30 (2), 30-40 (1), 40-50 (1)
Yes(21), No (14)

Yes (14), No (21)

1-10 (7), 10-20 (10), 20-30 (2), 30-40 (2), No (14)
1-10(11), 10-20 (9), 20-30 (1), No (14)

Tiles (8), Cement (12), Ceramic (13), Porcelain (1), Marble (1)

1-5 (11), 5-10 (8), 10-15 (3), 15-20 (3),
20-25 (4), 25-30 (3), No (3)

1-5 (2), 5-10 (2), 10-15 (2), 15-20 (9),
20-25 (5), 25-30 (15)

Morning(23), evening (7), No (5)

1-5 (0), 5-10 (2), 10-15( 8), 15-20 (3),
20-25 ( 2), 25-30 (15),No (5)

1(0), 2(7) , 3(25), 4(3)

Gas ( 35), kerosene (0) , wood (0)

yes (16) , No (19)

Yes (1), No (34)

1 floor (14), 2 floor (21)

1-5 (15), 5-10 (15), 10-15(4 ), 15-25 ( 1)

where Cm Sample represents the level of a particular
metal in the dust, and Cm background represents the
background value of that metal. Hakanson (1980)
classified the CF values into the following four classes:
(CF < 1) little contamination, (1 < CF < 3) moderate
contamination, (3 < CF < 6) considerable contamination,
and (CF > 6) very high contamination.

Identification of Heavy Metals Sources

Because enrichment factor analysis has a weak capacity
to discriminate between various sources, it cannot
find sources in complex source types (Kaonga et al.,
2021). Statistical multivariate techniques including
principal component analysis (PCA), cluster analysis
(CA), and correlation analysis increase the capacity
to distinguish between different sources. Multivariate
statistics (correlation matrix analysis, CA and PCA)
were carried out using STATISTICA Software - version
13.3 for Windows.

Results and Discussion

Heavy Metals Concentration

Table 2 provides the findings of the statistics analysis
on the concentrations of heavy metals in household dust
in Ramadi City. The levels of heavy metals in the home
dust of the study area are distributed in the following
descending order: Zn > Ni > Cu >Pb> Cr > Cd. Metals’
spatial variation is explained by the coefficient of
variance (CV). The Ni has a CV of 41.51%, indicating
limited variability and steady distribution throughout
the research region, while the Pb has CV of 196.43%,
demonstrating increased change of Pb in house dust.
Because there are no heavy metals guidelines for dust,
the concentration of heavy metals was compared to
soil guidelines for metals. The average concentrations
of Cd, Cr, Cu, Ni, Pb, and Zn in house dust in Ramadi
were compared with the United States Soil Quality
Guidelines (USSQG), (USEPA, 1999) and CCMESQG
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Table 2: Descriptive statistics of total concentration (mg/kg) of heavy metals in household dust in Ramadi City with
USEPA and CCME guidelines

Metal Mean Minimum Maximum Std. Dev. Coef. Var. USEPA CCME
(CV)% SOG SOG
Cd 0.0072 0.000600 0.0225 0.0052 72.20 0.6 10
Cr 0.5052 0.029000 1.1366 0.2679 53.03 25 64
Cu 1.2486 0.184200 4.4540 0.9544 76.43 16 63
Ni 1.4879 0.059300 24173 0.6176 41.51 16 50
Pb 0.9212 0.067600 10.6753 1.8096 196.43 40 140
Zn 1.9098 0.005500 2.8830 0.8613 45.09 110 200
Table 3: Concentrations of heavy metals in household dust from Ramadi City, Iraq and other cities
around the world
Country No of Concentration mean (mg/kg) Reference
samples —cq  Cr Ni Pb Zn
Ramadi, Iraq 35 0.007  0.505 1.248 1.488 0.921 1.901 This study
Sydney, Australia 82 1.64 64.5 933 15.1 76.2 372  Chattopadhyay et al.
(2003)
Chengdu, China 90 2.37 82.7 52.6 123 657  Cheng et al. (2018)
Bushehr, Iran 19 531 14320 186.09 57.09 209.1  567.18 Hashemi et al.2020
Toronto, Canda 67 1.7 42 23 36 386 Al Hejami et al.(2019)
Jeddah, Saudi Arabia 20 0.54 46.7 94.1 32.2 n.a 489  Albar et al. (2020)
Alexandria, Egypt 24 0.77 29.2 25.1 260 771  Jadoon et al. (2020)
Istanbul, Turkey 31 0.80 54.9 263 28.1 832  Kurt-Karakus (2012)
Al-Fallujah, Iraq 50 14.77 289.45 65.03 105.72 75.57  292.85 Al-Dulaimi (2021)
Ankara, Turkey 85 0.400  23.8 65.8 323 27.5 264  Gul et al. (2023)

Guidelines (CCCM, 2014). The mean concentrations of
the measured metals in house dust in Ramadi City did
not exceed the guidelines. The results of the current
study were compared with the findings of a number
of studies conducted throughout the world because of
the scarcity of investigations on the concentration of
heavy metals in household dust in Iraqi cities, except
for the study of Al-Dulaimi (2021), Table 3. The results
of comparing heavy metal concentrations’ averages
in house dust in Ramadi with that in house dust in a
number of cities around the world showed that they
were lower than those recorded in those cities. This
conclusion may be explained in terms of the numerous
internal sources of metals identified in indoor particles
and the multiple external sources of metals delivered
into the dwellings.

Pollution Levels Assessment
The level of house dust contamination with heavy metals
in Ramadi City was determined using two indices, the

enrichment factor (EF) and the contamination factor
(CF). The mean values of the EF and CF for Cd, Cr,
Cu, Ni, Pb and Zn in house dust in the city of Ramadi
are shown in Figures 3 and 4, respectively. The obtained
results show that the descending order of the EF values
for the measured metals is as follows: Ni (6.35) > Cu
(5.40)>Pb (1.53> Cr (1.24)> Zn (1.14)> Cd (0.84).
Generally, EF< 2 denotes the presence of natural factors,
whereas EF > 2 denotes the presence of anthropogenic
factors (Barbieri, 2016). While Ni and Cu in house dust
of Ramadi City are significantly enriched, reflecting the
impact of human activities, Cd, Cr, Pb and Zn are not
enriched or minimum enriched. The stainless steel and
alloy efflorescence are enrichment sources for Ni in
home dust (Yoshinaga et al., 2014; Cheng et al., 2018)
and tobacco-filled cigarettes for indoor smokers (Matt
et al., 2021). The vehicles, traffic pollutants, emissions
from burning lubricating oil, vehicle lubricants, and
wear and tear on the engine and tires all contribute to
the enrichment of Cu in house dust (Al-Khashman,
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Figure 3: The mean values of EF for the measured heavy
metals in household dust in Ramadi City.

2007; Jin et al., 2019; Men et al., 2018). Results of the
calculation of CF for metals measured in house dust
in Ramadi City showed values of less than 1 (CF< 1
indicating a minimum contamination level.

Identification of Heavy Metals Potential Sources
Findings of the correlation analysis were utilised to look
into the correlations between the heavy metals found
in residential dust in Ramadi City and their possible
sources or origins. Table 4 shows Pearson’s correlation
coefficients for the heavy metal concentrations in
Ramadi City’s household dust. Significant positive
correlations were shown by the correlation matrix
analysis between Cr—Cu (R=0.42), Cr—Ni (R=0.69),
Cr-Zn (R=0.52), Zn-Cd (R=0.55), Zn-Cu (R=0.45),
Zn-Ni (R=0.68), and Ni-Cu (R=0.43). The common
sources/origins might be used to interpret these positive
significant correlation associations.

By integrating varimax rotation with Kaiser
Normalisation, PCA was utilised for identifying
the origins of heavy metals in residential dust in
Ramadi City. Table 5 summarises the PCA results.
Two significant components that together accounted
for 67.60% of the total variance were identified with
eigenvalues greater than 1. The metals with the largest
positive loadings were Ni (0.89), Cr (0.86), Zn (0.72),
and Cu (0.64), with factor 1 accounting for 48.53%
of the variance in the metal data. Stainless steel and
the efflorescence of alloy are the sources of Crand
Ni in house dust (Cheng et al., 2018). The significant
correlations between Cr, Ni, Cu, and Zn correspond to
similar sources, specifically anthropogenic ones, which
confirm the PCA results. Positive great loadings on
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Figure 4: The mean values of CF for the measured heavy
metals in household dust in Ramadi City.

Cd (0.86) and Pb (0.71) and a total variance of 19.07
were both explained by factor 2. The sources of Pb and

Table 4: Pearson correlation coefficient of heavy metals
in households dust in Ramadi City

Metal Cd Cr Cu Ni Pb Zn
cd  1.00 1.00

Cr 0.13 L00

Cu 023 042 100

Ni 0.15 0.69 043 1.00

Pb 032 0.14 0.8 0.21

Zn 055 052 045 0.68 024 1.00

Marked correlations are significant at P < 0.05.

Table 5: Factor loadings (varimax rotation) of heavy
metals total concentrations in household dust in
Ramadi City

Metal Factor Factor
1 2

Cd 0.12 0.86
Cr 0.86 -0.01
Cu 0.64 0.21
Ni 0.89 0.08
Pb 0.09 0.71
Zn 0.72 0.49
Eigenvalue 291 1.14
% Total variance 48.53 19.07
Cumulative % 48.53 67.60

Marked loadings are >0.60.
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Figure 5: Cluster analysis dendrogram for metals in
households dust in Ramadi City.

Cd in the exterior and internal dust included vehicles,
traffic emissions, and emissions from the burning
of lubricating oil, vehicle lubricants, tire wear, and
engine wear and tear (Jin et al., 2019; Men et al., 2018;
Zgobicki et al., 2018). In the case of Pb and Cd, factor
2 refers to outdoor anthropogenic sources.

On the standardised data set, the hierarchical cluster
analysis (HCA) was performed utilising Ward’s
approach. The HCA findings for heavy metals in
household dust in Ramadi City are shown in Figure 5.
Two clusters were identified: the cluster (I) includes Zn-
Ni —Cu and the cluster (II) consists of Pb-Cr-Cd. The
results of CA and PCA may or may not be completely
consistent.

Based on the results of multivariate statistics
(correlation matrix, cluster and principle components
analysis), sources of Cr, Cu, Ni and Zn are indoor
anthropogenic sources, while the sources of Cd and
Pb are outdoor anthropogenic. Dust from homes has
been attributed to both endogenic and exogenic sources
of heavy metals. In addition to commonly occurring
home activities (such as smoking, burning incense,
vacuuming, cleaning, and external pollutant leakage),
endogenic sources include domestic products used by
inhabitants (such as stoves, heaters, consumer goods,
furniture, and building materials) (Kabata-Penias, 2011).
Exogenic sources include tire wear-related releases of
certain heavy elements, road dust, traffic pollution, and
corrosion of vehicle metal parts (Lavado et al., 2007).

Conclusions

The average concentrations of Cd, Cr, Cu, Ni, Pb,
and Zn in Ramadi City’s houses dust are less than

background levels, proving that it is not contaminated
with heavy metals. The enrichment of Ni and Cu in the
house dust of Ramadi City is significantly enriched,
reflecting the impact of human activities, while that for
Cd, Cr, Pb and Zn is deficiency to minimum. Indoor/
or outdoor anthropogenic sources are possible sources
of heavy metals.

Acknowledgements

We express our thanks and gratitude to Mr. Osama J.
Mohammad, lecturer in the Department of Applied
Geology/College of Science, University of Anbar for
drawing the study area location and sampling site maps.

References

Al-Dulaimi, E.M., Shartooh, S.M. and E.A. Al-Heety (2021).
Concentration, distribution, and potential sources of heavy
metals in households dust in Al-Fallujah, Iraq. Iraqgi
Geological Journal, 54(2F): 120-130.

Al Hejami, A., Davis, M., Prete, D., Lu, J. and S. Wang
(2019). Heavy metals in indoor settled dusts in Toronto,
Canada. Sci. Total Environment, 703: 134895. https://doi.
org/10.1016/j.scitotenv.2019.134895

Albar, HM.S.A., Ali, N., Eqani, S.A.M.A.S., Alhakamy,
N.A., Nazar, E., Rashid, M.I. and I.LM.I. Ismail (2020).
Trace metals in different socioeconomic indoor residential
settings, implications for human health via dust exposure.
Ecotoxicology and Environmental Safety, 189:109927.
https://doi: 10.1016/j.ecoenv.2019.109927

Al-Khashman, O.A. (2007). Determination of metal
accumulation in deposited street dusts in Amman, Jordan.
Environment Geochemical Health, 29: 1-10.

Arar, S., Al-Hunaiti, A., Masad, M., Maragkidou, A., Wraith,
D. and T. Hussein (2019). Elemental contamination in
indoor floor dust and Its correlation with PAHs, Fungi,
and Gram+/— Bacteria. International Journal Environment,
16(19): 3552.https:// doi: 10.3390/ijerph16193552.

Barbieri, M. (2016). The importance of enrichment factor
(EF) and geoaccumulation index (Igeo) to evaluate the
soil contamination. J GeolGeophys., 5: 1-4.

Canadian Counsel of Ministers of Environment (CCME)
(2014). Canadian soil guideline (residential/parkland).
Central Statistical Organization (CSO). www.cosit.gov.iq

Chattopadhyay, G., Lin, K. and A. Feitz (2003). Household
dust metal levels in the Sydney metropolitan area.
Environmental Research, 93(3): 301-307.

Cheng, Z., Chen, L., Li, H., Lin, J., Yang, Z., Yang, Y., Xu,
X., Xian, J., Shao, J. and X. Zhu (2018). Characteristics
and health risk assessment of heavy metals exposure
via household dust from urban area in Chengdu, China.
Science of the Total Environment, 619-620: 621-629.



42 Fatima Khalil Ibrahim et al.

Clark, C., Mohammed, F., Hamid, A. and G. Bent (2020).
Quantification and health risk assessment of heavy
metals in residual floor dust at an indoor fringe range:
A case study in Trinidad, WI. International Journal of
Environmental Health Research, 32(3): 1793917. https://
doi:10.1080/09603123.2020.1793917

Dietrich, M., Wood, L.R., Shukle, J.T., Herrmann, A. and
G.M. Filippelli, (2023). Contributory science reveals
insights into metal pollution trends across different
households and environmental media. Environ. Res. Lett.
18: 034013. https://doi.org/10.1088/1748-9326/acbaad.

Gonzalez-Martin, J., Kraakman, N., Perez, C., Lebrero, R.
and R. Munoz (2020). A state-of-the-art review on indoor
air pollution and strategies for indoor air pollution control.
Chemosphere, 262(1): 128376. https://doi:10.1016/j.
chemosphere.2020.128376

Gul, H.K., Gullu, G., Babaei, P., Nikravan, A., Kurt-Karakus,
PB. and G. Salihoglu (2023). Assessment of house dust
trace elements and human exposure in Ankara, Turkey.
Environmental Science and Pollution Research, 30: 7718-
7735. https://doi.org/10.1007/s11356-022-22700-x

Hakanson, L. (1980). An ecological risk index for aquatic
pollution control: A sedimentological approach. Water
Research, 14: 975-1001.

Hashemi, S.E., Fazlzadeh, M., Ahmadi, E., Parand, M.,
Ramavandi, B., Taghizadeh, F., and H. Arfacinia (2020).
Occurrence, potential sources, in vitro bioaccessibility
and health risk assessment of heavy metal in indoor
dust from different microenvironment of Bushehr, Iran.
Environmental Geochemistry and Health, 42: 3641-3658.

Hassan, S. (2012). Metal concentrations and distribution in
the household, stairs and entry way dust of some Egyptian
homes. Atmospheric Environment, 54: 207-2015.

Hwang, H.M., Park, E.K., Young, T.M. and B.D. Hammock
(2008). Occurrence of endocrine —disrupting chemicals in
indoor dust. Sci. Total Environment, 404: 26-35.

Islam, M.S., Ahmed, M.K., Raknuzzaman, M., Habibullah
-Al- Mamun, M. and M. K. Islam (2015). Heavy metal
pollution in surface water and sediment: A preliminary
assessment of an urban river in a developing country.
Ecological Indicators, 48: 282-291.

Jadoon, W.A., Abdel-Dayem, S.M.M.A., Saqib, Z., Takeda,
K., Sakugawa, H., Hussain, M. and J.H. Syed ( 2020).
Heavy metals in urban dusts from Alexandria and
Kafr El-Sheikh, Egypt: Implications for human health.
Environmental Science and Pollution Research, 28(2):
2007-2018.

Jin, Y., O’Connor, D., Ok, Y., Tsang, D., Liu, A. and D. Hou
(2019). Assessment of sources of heavy metals in soil and
dust at children’s playgrounds in Beijing using GIS and
multivariate statistical analysis. Environment International,
124: 320-328.

Kabata-Penias, A. (2011). Trace Elements in Soils and Plants.
Taylor and Francis Group, 4th ed., CRC Press, USA.

Kaonga, C., Kosamu, I. and W. Utembe (2021). A review of
metal levels in urban dust, their methods of determination,
and risk assessment. Atmosphere, 12: 891. https://doi.
org/10.3390/atmos 12070891

Kurt-Karakus, P. (2012). Determination of heavy metals in
indoor dust from Istanbul, Turkey: Estimation of the health
risk. Environment International, 50: 47-55.

Lavado, R., Rodriguez, M., Alvarez, R., Taboada, M. and M.
Zubillaga (2007).Transfer of potentially toxic elements
from biosolid-treated soils to maize and wheat crops. Agri.
Ecosystem & Environment, 118: 312-318.

Matt, G., Quintana, P., Hoh, E., Dodder, N., Mahabee-Gittens,
E., Padilla, S., Markman, L. and K. Watanabe (2021).
Tobacco smoke is a likely source of lead and cadmium in
settled house dust. Journal of Trace Elements in Medicine
and Biology, 63: 126656. https://doi.org/10.1016/j.
jtemb.2020.126656

Men, C., Liu, R., Xu, F., Wang, Q., Guo, L. and Z. Shen
(2018). Pollution characteristics, risk assessment, and
source apportionment of heavy metals in road dust in
Beijing, China. Science of The Total Environment, 612:
138-147.

Mmolawa, K., Likuku, A. and G. Gaboutloeloe (2011).
Assessment of heavy metal pollution in soils along roadside
arcas in Botswana. African Journal of Environmental
Science and Technology, 5(3): 186-196.

Shi, T. and Y. Wang (2021). Heavy metals in indoor dust:
spatial distribution, influencing factors, and potential
health risks. Science of the Total Environment, T55(Pt
1):142367. https:// doi: 10.1016/j.scitotenv.2020.142367.

Tan, S., Praveena, S.M., Abidin, E.Z. and M.S. Cheema
(2016). A review of heavy metals in indoor dust and its
human health-risk implications. Rev Environ Health, 31:
447-456.

Tashakor, M., Behrooz, R.D., Asvad, S.R. and. G. Kaskaoutis
(2022).Tracing of heavy metals embedded in indoor dust
particles from the Industrial City of Asaluyeh, South of
Iran. Int. J. Environ. Res. Public Health, 19: 7905. https://
doi.org/10.3390/ijerph19137905

Tippie, V. (1984). An Environmental Characterization of
Chesapeak Bay and a Framework for Action, /n: V.
Kennedy, Ed., The Estuary as a Filter, Academic Press,
New York, pp. 467-487.

Turner, A. (2011). Oral bioaccessibility of trace metals in
household dust: A review. Environ Geochem Health, 33:
331-341.

US Environmental Protection Agency (USEPA) (1999).
Screening Level Ecological Risk Assessment Protocol
for Hazardous Waste Combustion Facilities, Appendix E:
Toxicity Reference Values, Vol. 3.

Wang, Y., Fang, F., Lin, Y., Cai, J., Zhang, C., and Y.
Ge (2020). Pollution and influencing factors of heavy
metals from rural kitchen dust in Anhui Province, China.
Atmospheric Pollution Research, 11(7): 1211-1216.



Concentration, Pollution Level, and Sources of Heavy Metals from Household Dust in Ramadi City, Iraq 43

Yadav, I.C., Devi, N.L., Singh, VK., Li, J. and G. Zhang
(2019). Spatial distribution, source analysis, and health
risk assessment of heavy metals contamination in house
dust and surface soil from four major cities of Nepal.
Chemosphere, 218: 1100-1113.

Yaparla, D., Nagendra, S.S. and S.N. Gummadi (2019).
Characterization and health risk assessment of indoor
dust in biomass and LPG-based housecholds of rural
Telangana, India. Journal of the Air & Waste Management
Association, 69(12): 1438-1451.

Yoshinaga, J., Yamasaki, K., Yonemura, A., Ishibashi, Y.,
Kaido, T., Mizuno, K., et al. (2014). Lead and other
elements in house dust of Japanese residences—Source of
lead and health risks due to metal exposure. Environmental
Pollution, 189: 223-228.

Zgtobicki, W., Telecka, M., Skupinski, S., Pasierbinska,
A. and M. Koziet (2018). Assessment of heavy metal
contamination levels of street dust in the city of Lublin,
E Poland. Environmental Earth Sciences, 77: 774. https://
doi.org/10.1007/s12665-018-7969-2.

Zhao, X., Li, Z., Tao, Y., Wang, D., Huang, J., Qiao, F,,
Lei, L. and Q. Xing (2020). Distribution characteristics,
source appointment, and health risk assessment of Cd
exposure via household dust in six cities of China.
Building and Environment, 762:143126. doi: 10.1016/j.
scitotenv.2020.143126



Asian Journal of Water, Environment and Pollution

Volume 21 Number 1 January, 2024
Contents

Editorial i

U Snapshots il

A Reliable Algorithm for Efficient Water Delivery and Smart Metering in Water-Scarce Regions
Rosana W. Marar and Hazem W. Marar 1

Magnetic Nanocomposites for Removal of Arsenic from Water
Md. Ahmaruzzaman 11

Recent Advances in Nanomaterials-Based Adsorbents for Organophosphorus Contaminant
Removal in Water: An Overview
Faris Rudi, Nor Kartini Abu Bakar, Noor Azilah Mohd Kassim, Victor Feizal Knight,
Muhammad Faizan A. Shukor and Mohd Nor Faiz Norrrahim 17

Impact of Soil Temperature and Precipitation on Vegetation Cover Over Selected
Stations in Iraq
Wedyan G. Nassif, Igbal K. Al-Ataby, Osama T. Al-Taai and Zainab M. Abbood 25

Synthesis of a Green Adsorbent Surface Gels: Development of Ratio Preparation
of Polymer SA/Bentonite Bead, and its Industrial Applications for Removal
of Aqueous Pollutants
Zaied A. Mossa, Faris Hamood Mohammed, Aseel M. Aljeboree
and Ayad F. Alkaim 35

The Cause and Effects of a Sudden Blackening of the River Kameng/Jiya Bharali
in October 2021
S. Baroi, A.A. Ali, R. Saikia, T. Das, S. Baishya and R.K. Dutta 45

Characterization of Minerals and Health Impact of Metals in Dust Storm Fallen
on Baghdad, Iraq
Mohammed I. Mohammed, Mohammad F. Abid, [bthal Albassam,
Hiba M. Abdullah, Adnan A. Abdul Razak, Mahmoud A. Mahmoud,
Eman K. Alag and Farah M. Aswed 53

Morphological and Molecular Characterisation of Endophytic Fungi Isolated from
Moringa oleifera Leaves in Iraq and Chemical Analysis of Leaves Extracts
Using GC-Mass
Gufran Mahmood Mohammed and Sumaiya Naeema Hawar 63
Analysing the Effectiveness of Municipal Wastewater Sludge, Bagasse Ash, Rice
Husk Ash and Plastic Waste Powder for Manufacturing Bricks

M. Kalpana, G.Venkatesan and S. Padma 71
Risk of Ceftriaxone (Antibiotic) in the Tigris River Water, Iraq
Ibrahim Al-Sudani, Hamsa Abed Al-Razzaq, Roaa Audy and Asmaa Al-Khayat 81

Relationship Between Winds with Surface Roughness and Carbon Dioxide
Concentrations Over Iraq

Wedyan G. Nassif, Ahmed A. Hashim, Sara Ali Muter and Osama T. Al-Taai 89

Environment News Futures 97




