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Abstract

Background: Indoor dust as a significant source of pollution in the urban environment can cause serious ecological and health
problems. Therefore, the current study has been conducted to determine the Cadmium, Chromium, Lead, and Nickel contamination
in house dust in the city of Khorramabad in 2017.

Methods: A total of 80 samples of indoor dust were collected from 20 regions of the study area. After sample digestion, the content
of metals was determined using the inductively coupled plasma-optical emission spectrometer (ICP-OES).

Results: Based on the results, the average contents of Cd, Cr, Pb, and Ni (mg/kg) in the analyzed dust samples were 11.34 - 2.25,11.81
=+ 5.29, 32.08 £ 20.60, and 60.19 = 17.90, respectively. Also, comparison of the element levels in the house dust samples with the
maximum permissible concentrations (MPC) established by environmental protection agency (EPA) shows that the average levels
of Cd and Ni were higher than the MPC.

Conclusions: Due to average contents of elements in the dust samples, especially Cd and Ni, were higher than the MPC; the indoor
dust can cause adverse effects on human health. Therefore, control of the anthropogenic sources that cause discharge of hazardous

compounds, particularly toxic heavy metals into the outdoor, indoor, and street dust, is recommended.
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1. Background

Dust consists of particulate or solid matter in the form
of fine powder (< 100 pm), lying on the surface of objects
and/or on the ground or blown by both mechanical or nat-
ural forces (1).

Indoor air pollution with dust and other pollutants
particularly toxic heavy metals may emanate from infil-
tration of outdoor pollutants and/or vehicle emission or
through incense burning, smoking, furniture, and build-
ing material or may result from occupants’ activities (2,
3). Nowadays, public health is affected by the emission of
pollutants that include potentially toxic metals in the air
environment (4). It should be noted that indoor dust is
known as one of the important pathways of human expo-
sure to toxic heavy metals. Therefore, due to the fact that
humans spend a great extent of their time in an indoor en-
vironment and metals in the indoor dust can accumulate
in human through inhalation, ingestion or dermal contact
absorption, the study of indoor dust is an important way
of determining the origin, distribution, and level of heavy
metals (5, 6). Of course indoor dust contamination is im-

portant from the point of view that young children, espe-
cially toddlers, spend most of their time indoors and much
of this time is spent in contact with floors, engaging in
mouthing of hands and other objects such as toys, or the
consumption of food contaminated by hands they can eas-
ily ingest indoor dusts unintentionally (1, 7).

Elements like As, Cd, Co, Ni, and Pb are the most pol-
luting metals in the urban environment and due to their
specific features such as non-biodegradable and persis-
tent, long biological half-life and bioaccumulation poten-
tial can pose several adverse effects on human health (8, 9).

Cadmium as a non-essential element is very toxic for
humans. This element, with a natural occurrence in soil,
can also spread in the environment through industrials
and agriculture activities as an anthropogenic origin (10).
Exposure to Cd may injure the kidney. In addition, poor re-
productive capacity, impaired organ function, tumors and
hepatic dysfunction, as well as hypertension are known as
symptoms of chronic toxicity of this element (11). It has
been shown that the presence of Cd in house dust may re-
sult from natural and anthropogenic sources such as rocks
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and soil erosion, fossil fuel combustion and agricultural
activities (12). The guideline for MPC of Cd in indoor dust
set by EPA is 10.0 mg/kg (13).

Although the Cr (VI) compounds are known as human
carcinogen agents, Cr (III) is essential mineral and widely
distributed in human body tissues and play an important
role in protein, lipid and also carbohydrate metabolism
(14). Nose ulcers, irritation to the lining of the nose, short-
ness of breath, asthma, and also wheezing are the some
adverse effects that induced through breathing the high
amounts of Cr (VI) (15). The MPC of Cr in indoor dust estab-
lished by EPA is 64.0 mg/kg (13). Similar to cadmium the
presence of Cr in the household dust may result from nat-
ural and anthropogenic sources.

Lead is recognized as a major environmental health
risk, which can promote serious adverse effects on human
health, particularly young children (16). Accidental inhala-
tion of traffic exhaust fumes, consumption of Pb contam-
inated foods, and also ingestion of Pb-based paint are the
main pathways that humans may be exposed to this toxic
element (10). The MPC of Pb in indoor dust established by
EPAis140.0 mg/kg (13). It has been shown that the presence
of Pbin indoor dust samples may result from the fossil fuel
combustion. Even though geological structure and agri-
cultural practices can lead to discharge, this element into
the environment (17).

Nickel in a few trace contents plays an important role
in the synthesis of red blood cells and may be beneficial
to activate some enzyme systems; however, it becomes ad-
verse effects on human health when taken in higher doses
(18). Exposure to a high amount of Ni for a long time and/or
Ni poisoning may lead to respiratory problems, liver, heart
and nervous system damage, reduction in cell growth,
lung cancer, and also decrease body weight. The MPC of Ni
in indoor dust established by EPA is 50.0 mg/kg (13). The
presence of Niin indoor dust is believed to be from anthro-
pogenic sources including corrosion in automotive parts
and petrochemical plants (19).

In this field the mean concentrations of Cd and Ni
(mg/kg) in indoor dust samples collected from Canada
were determined 4.40 and 53.60, respectively (20). In an-
other study the mean contents of Cr and Ni in indoor dust
samples collected from Muscat, Oman, were reported 34.0
mg/kg and 130.0 mg/kg, respectively (21). In addition, Chat-
topadhyay et al., (2013), reported that the mean concentra-
tion of Cd, Cr, and Ni (mg/kg) in household dust samples of
Sydney, Australia, were 1.90, 64.30, and 15.60, respectively
(22).

According to the Luo et al., (2012), hazard identifica-
tion, exposure assessment, dose-response assessment, and
risk characterization are the main components of health-
risk assessment (HRA). Here, data compilation and evalua-

tion of past studies helps to determine whether the partic-
ular heavy metal exposure may increase the risk of causing
human adverse health effects (23).

Due to the fact that people spend more than 50% of
their time in an indoor environment, indoor dust may be
more hazardous to human health among various types of
dust (24). Therefore, nowadays assessment of heavy metal
contents in the dust from indoor environment increase
rapidly (25, 26).

2. Objectives

In the present study, Cd, Cr, Pb, and Ni concentrations
in different samples of houses dust in the city of Khorram-
abad, Iran, have been determined using ICP-OES.

3. Methods

3.1. Study Area

The city of Khorramabad, as the center of Lorestan
province, is one of the medium-sized ancient cities in the
western part of Iran located at an altitude of 1147 m above
sea level and lies between longitudes 32°30’20” E and lati-
tudes 21°48'16” N with an urban area about of 35 km* and
a population of 373 416. The annual average temperature
and annual average precipitation of this city are 16.1°C and
509 mm, respectively (27).

3.2. Reagents

Standard stock solutions of analyzing element ions
(Sigma-Aldrich, Spain) at the content of 1000 mg/L were
used to prepare all working solutions after appropriate di-
lution.

3.3. Sampling and Analytical Methods

In this study, during the spring season in 2017, in total
80 dust samples were collected from the residential floor,
lamp covers, uncleaned windowsills, and cabinet roofs of
the private households in 20 relatively large residential
quarters in the city of Khorramabad using a brush and
plastic spatula. Then, all collected indoor dust samples
were stored in self-sealing polyethylene bags for transport
and storage (28). Also, due to research limitations, dust col-
lected from each house was mixed as one sample to avoid
comparison between the samples.

In the laboratory, all samples were air-dried naturally
for 14 days and then sieved through a 0.149-mm nylon
mesh to remove small and refuse stones. Finally 25.0 g of
the each sieved dust sample was separated according to the
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method introduced by Chen et al. (2014), then digested us-
ing a mixture of 3 mL concentrated nitric acid, 6 mL of con-
centrated perchloric acid, and 14 mL of concentrated hy-
drofluoric acid and diluted with 2% nitric acid to 50 mL af-
ter filtering through Whatman 542 (12,29, 30). The concen-
trations of Cd, Cr, Pb, and Ni were determined using ICP-
OES at the wavelengths (nm) of 226.50 for Cd, 267.716 for
Cr, 220.35 for Pb, and 231.60 for Ni. In addition, the accu-
racy of the method was assessed based on the method de-
scribed by Lin et al., (2015a) (30). The results showed good
accuracy, with recovery rates (%) from 96.70 to 101.10 for Cd,
from 92.60 to 99.80 for Cr, 95.40 t0 102.30 for Pb, and 91.70
to 98.90 for Ni.

3.4. Statistical Analysis

The statistical analysis of the results consisted with
Kolmogorov-Smirnov normality test, an ANOVA paramet-
ric test with a DMS post hoc and Duncan multiple range
test for study of the variance homogeneity, independent
one sample t-test for comparing the mean contents of
heavy metals in the house dust samples with MPC, and the
2-tailed test of Pearson correlation to measure the degree
of correlation between the studied elements in house dust.

4. Results

The mean concentration (mg/kg) of elements in the
dust samples is presented in Table 1. Data in Table 1 showed
that among the studied dust samples, Cd was detected in
amounts ranging from 8.02 to 17.72, Cr ranged from 3.49 to
22.55, Pb ranged from 10.28 to 101.65, and Ni ranged from
25.0 to 89.47.

Based on the Pearson’s correlation coefficient, positive
relationships among Cd and Pb (r = 0.566, P < 0.01), be-
tween Cd and Ni (r=0.389,P< 0.01), between Crand Pb (r=
0.253,P < 0.05), between Cr and Ni (r=0.794, P < 0.01),and
between Pb and Ni (r=0.541, P < 0.01) was found. It means
that, when the Cd and Cr contents increased, Pb and Ni con-
tents increased as well. In addition, when the Pb contents
increased, Ni contents increased.

5. Discussion

Nowadays, due to the potential adverse health effects
of toxic heavy metals, the heavy metal contamination of
indoor dust derived from indoor activity and outdoor
sources are known as a major environmental issue (20,
30, 31). Therefore, the current study was conducted to as-
sess the cadmium, chromium, lead, and Nickel in different
samples of the houses dust from the city of Khorramabad.
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5.1. Cadmium

Long-term exposure to Cd leads to hypertension, ane-
mia, arthritis, diabetes, hypoglycemia, headaches, cardio-
vascular disease, osteoporosis, kidney disease, and partic-
ularly cancer (32, 33). Based on the results, the content
of Cd in dust samples with an average of 11.34 mg/kg was
higher than the MPC. Meanwhile, the highest level of Cd
with an average of 15.95 & 0.45 mg/kg was found in the sta-
tion with high traffic intensity. Here, it may be concluded
that the sources of Cd in indoor dusts of Khorramabad
mainly originated from automotive emissions and corro-
sion of the brake lining. However, the geological structure
of the study area, particularly the existence of calcareous
stones and clayey limestone, may result from the presence
of Cd in the dust samples (34, 35). Concerning this, Rashed
(2008) reported that the average content of Cd in the in-
door dust collected from Aswan city, Egypt, was 3.72 mg/kg
(4). A comparison of the Cd contents in the indoor dust
samples in the study area and other selected regions are
presented in Table 2.

5.2. Chromium

Chromium is used in many alloys, especially stainless
steel; therefore, grinding, welding, and also polishing of
stainless steel can lead to discharge of this element into
the environment. Chronic exposure to Cr can cause skin
irritation, circulatory, kidneys or liver damage, and nerve
disorders (15, 41). In this study, Cr content in house dust
samples with an average of 11.81 mg/kg was lower than the
MPC. Also, the highest content of Cr with an average of
21.90 £ 0.47 mg/kg was found in the station with high traf-
fic intensity. However, based on the results of independent
samples test, no significant difference was found between
heavy and low traffic intensity stations. As shown in the
literature, the presence of Cr in the dust samples could be
attributed to the waste incineration, combustion of fossils
fuels, tyre abrasion, and engine wear. Although, the geo-
logical structure of the study area (i.e. existence of calcare-
ous stones and clayey limestone) (35) and use of metal- con-
taining pesticides, especially chromated copper arsenate
in agricultural activities, may have been leads to the an-
alyzed dust samples contamination to Cr (7, 15). The ob-
tained results are against the findings of Lin et al., (2015),
who reported that the values of Cr in indoor dust samples
collected from Anhui rural, China, was 113.68 mg/kg (30).
Compared with indoor dust from other cities, Darus et al.,
(2012), reported that the content of Cr in indoor dust sam-
ples collected from Shah Alam, Malaysia with an average of
16.88 were lower than the MPC (7). Also Akhter and Madany
(1993) reported that against the current study, the Cr con-
tent in the house dust collected from Bahrain with an av-
erage of 144.7 mg/kg was much higher than the MPC (42).
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Table 1. Heavy Metal Analysis of House Dust (mg/kg)®

Sampling Station Metal Concentration =+ SD

cd Cr Pb Ni
1 8.83 + 0.4 ab 13.77 £ 0.64 23.43+ 028 cd 70.55 + 0161
2 9.50 £ 0.28b 11.70 & 0.66 gh 23.75 £ 0.04 cd 69.50 + 0.88 k
3 9.15 £ 0.23ab 14.40 032k 16.87 + 0.38b 5914 +035h
4 838+ 0.42a 13.90 + 0.20 jk 15.90 £ 0.28 b 6234 £ 0.45i
5 15.95 £ 0.45h 1033 £ 0.28f 47.60 039 h 75.85+0.39n
6 9.01£ 0.47ab 5.28 £ 0.17b 1.50 £ 0.24a 37.26 = 0.26 C
7 8.78 £ 0.75ab 3.90+030a 1230 £ 0.25a 2550+ 035a
8 10.89 £ 0.16 cd 810+ 0.20d 2150 £ 016 ¢ 56.70 £ 032g
9 1263+ 0758 21.90 £ 0.47m 42.60+033g 70.00 = 0.41k
10 11.00 £ 0.21cd 13.76 £ 030 39.08 = 0.29f 76.63 £ 0.29 0
1 10.66 £ 0.66 ¢ 6.50 +0.21¢c 10.70 £ 034a 2815+ 012b
12 1111 & 0.63 cde 1225+ 0351 14.77£033b 46.73t038e
3 12.00 + 0.79 fg 4.04+0.42a 2432+ 6.06d 41.06 £+ 0.21d
14 11.35 & 0.75 cdef 6.45 £ 031c 2932+ 046e 41.06 £+ 0.21d
15 11.74 £ 0.92 defg 21.63 + 030 m 3855+ 0.24f 80.20 £ 0.23p
16 1238+ 039g 978+ 033e 101.02 £ 0.52 66.82 035
17 17.07 £ 0.621i 12.05 & 0.16 hi 50.85 + 4.721 71.46 £ 0.20 m
18 11.92 £ 0.38 efg 1434 + 032k 51.03 + 0.24 i 80.53 1+ 0.34p
19 12514036 g 20.94 + 0.431 3744 £ 013 f 88.91+ 0.43q
20 12.03 + 0.63 fg 1231+024g 29.07+035¢e 5542 £ 0.52f
Min 8.02 3.49 10.28 25.00
Max 17.72 22.55 101.65 89.47
Mean 1.34 11.81 32.08 60.19
SD 225 5.29 20.60 17.90

The letters (a, b, ¢, d, ...) represent the significant difference between the mean concentration of metals in house dust samples that computed by One-way ANOVA (P =
0.05).

Table 2. Comparison of the Element Concentrations (mg/kg) in Indoor Dust Samples Collected from Khorramabad City and Other Selected Regions

Sample Location Element Reference
cd Cr Pb Ni
Iran 11.34 11.81 32.08 60.19 Present study
China - 94.60 8.40 - (36)
Saudi Arabia - - 23.0 - (37)
China - - 348.73 - (30)
Malaysia - - 31.24 (7)
Indoor dust
UK 1.95 84.30 - 43.40 (31)
Malaysia 10.65 - - 49.67 (38)
UK 110 - - 53.30 (3)
Australia 2.0-2.50 104.0 -202.0 - 27.0-49.0 (39)
USA - - - 23.6 (40)

A comparison of the obtained results with other studiesis  5.3. Lead
shown in Table 2. Lead is a major pollutant in the urban environments
that release from combustion of gasoline containing Pb,
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burning gas for heating, abrasion of the automobile tyres,
engine wear, radiators, leaks, and spills from batteries (4,
43). In this study the mean content of Pb in dust sam-
ples with an average of 32.08 mg/kg was lower than the
MPC. This can be attributed to the wide use of unleaded
petroleum during the last two decades in Iran. The pres-
ence of Pb in dust samples may result from the accumu-
lation of this element in urban bare soil due to pollution
from previous decades. However, the geological structure
of the study area and industrial and agricultural activities
might also pose the dust samples contamination to this el-
ement. As the literature shows, the concentrations of Pb in
the indoor room dust were 171.3 % 187.0 mg/kg (4). A com-
parison of the obtained results with other studies is pre-
sented in Table 2.

5.4. Nickel

Nickel is representative metal of anthropogenic activ-
ities including machining, coal combustion, metallurgy
and so on (22, 36, 44). Based on the results, nickel is mod-
erately polluted in 70.0% of dust samples. Also, the Ni
concentration, with an average of 60.19 mg/kg, was much
higher than the MPC. As the literature shows, the source
of Ni in dust is believed to be from lubricants corrosion of
cars, tyre abrasion, brushing, engine wear, brake dust, and
bearing metals (7, 19). Although, due to the fact that the
mean content of Ni was greatly higher than background
value of thiselementin soils (31 mg/kg) (45), Niin dust sam-
ples may originated from natural source such as soil ero-
sion. However, the activities of the Lorestan petrochemi-
cal complex might also pose the dust samples contamina-
tion to this element. Nickel content in the literature has
been found in the range of 17.06 mg/kg to 127.25 mg/kg in
indoor dust in Anhui rural, China (12). Also, Ni concentra-
tions (mg/kg) in indoor dust collected from an industrial
area in China was detected in amounts ranging from 29.60
to 67.10 (36), while Darus et al., (2012), reported that the
mean concentration of Niin indoor dust was 9.0 mg/kg (7).
A comparison of our findings with other studies is shown
in Table 2.

5.5. Conclusion

Based on the results of this study, the mean contents
of Cd and Ni in house dust samples were higher than the
MPC. Therefore, in order to reduce the potential ecologi-
cal and human health risk through heavy metals, content
of indoor, outdoor, and street dust control of the anthro-
pogenic activities such as paint, industrial activities, con-
struction activities, power generations, corrosion of auto-
mobiles parts, vehicle emissions, alloy materials, metal ob-
jects, and also fossil fuel combustion that they cause dis-
charge of hazardous pollutants into the environment is
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recommended. In addition, for reduce vehicle emissions
originated toxic heavy metal pollution in dusts, the use of
gasoline without lead should be encouraged and vehicles
with catalytic converters should be preferred.

5.6. Research Limitations

Although the research has reached its aims, there were
some unavoidable limitations as described below:

1-Due to the insufficient funds, there was no possibility
of conducting the study on other heavy metals such as As,
Co, Cu, Fe, Hg, Mn, and Zn.

Acknowledgments

The author is extremely grateful to the Hamedan
branch, Islamic Azad University for providing facilities to
conduct and complete this study.

Footnotes

Authors’ Contribution: Concepts, design, literature re-
view, statistical analysis and manuscript preparation, So-
heil Sobhanardakani; Experimental studies, Ehsan Sabze-
vari.

Funding/Support: The author received financial support
for this research (contract number: 17150508942052) from
Hamedan branch, Islamic Azad University.

Conflict of Interest: The authors declare that they have no
conflict of interest.

References

1. Adekola FA, Dosumu OO. Heavy metal determination in household
dust from Ilorin City, Nigeria. ] Niger Soc Exp Biol. 2001;3(1):217-21.

2. Rasmussen PE, Subramanian KS, Jessiman BJ. A multi-element pro-
file of housedust in relation to exterior dust and soils in the
city of Ottawa, Canada. Sci Total Environ. 2001;267(1-3):125-40. doi:
10.1016/S0048-9697(00)00775-0. [PubMed: 11286208].

3. Turner A, Simmonds L. Elemental concentrations and metal bioacces-
sibility in UK household dust. Sci Total Environ. 2006;371(1-3):74-81. doi:
10.1016/j.scitotenv.2006.08.011. [PubMed: 16989894].

4. Rashed MN. Total and extractable heavy metals in indoor, outdoor
and street dust from Aswan City, Egypt. Clean (Weinh). 2008;36(10-
11):850-7. doi: 10.1002/clen.200800062.

5. Mgplhave L, Schneider T, Kjergaard SK, Larsen L, Norn S, Jergensen O.
House dust in seven Danish offices. Atmos Environ. 2000;34(28):4767-
79.doi: 10.1016/51352-2310(00)00104-7.

6. Sharpe M. Safe as houses? Indoor air pollution and health. J Environ
Monit. 2004;6(5):46N79N. doi: 10.1039/b405880c. [PubMed: 15152301].

7. Darus FM, Nasir RA, Sumari SM, Ismail ZS, Omar NA. Heavy metals
composition of indoor dust in nursery schools building. Procedia Soc
Behav Sci. 2012;38:169-75. doi: 10.1016/j.sbspro.2012.03.337.

8. Jabeen N, Ahmed S, Hassan ST, Alam NM. Levels and sources of heavy
metals in house dust. ] Radioanal Nucl Chem. 2001;247(1):145-9. doi:
10.1023/a:1006735619468.


http://dx.doi.org/10.1016/S0048-9697(00)00775-0
http://www.ncbi.nlm.nih.gov/pubmed/11286208
http://dx.doi.org/10.1016/j.scitotenv.2006.08.011
http://www.ncbi.nlm.nih.gov/pubmed/16989894
http://dx.doi.org/10.1002/clen.200800062
http://dx.doi.org/10.1016/s1352-2310(00)00104-7
http://dx.doi.org/10.1039/b405880c
http://www.ncbi.nlm.nih.gov/pubmed/15152301
http://dx.doi.org/10.1016/j.sbspro.2012.03.337
http://dx.doi.org/10.1023/a:1006735619468
http://jjhsci.com

Sabzevari E and Sobhanardakani S

10.

1.

12.

14.

15.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

. Sobhanardakani S, Jamshidi K. Assessment of metals (Co, Ni and

Zn) content in the sediments of Mighan Wetland using geo-
accumulation index. Iran ] Toxicol. 2015;9(30):1386-90.
Sobhanardakani S. Tuna fish and common kilka: health risk assess-
ment of metal pollution through consumption of canned fish in Iran.
J Consumer Protect Food Safety. 2017;12(2):157-63. doi: 10.1007/s00003-
017-1107-z.

Hosseini SV, Sobhanardakani S, Miandare HK, Harsij M, Regenstein
JM. Determination of toxic (Pb, Cd) and essential (Zn, Mn) metals in
canned tuna fish produced in Iran. ] Environ Health Sci Eng. 2015;13:59.
doi: 10.1186/s40201-015-0215-x. [PubMed: 26266037]. [PubMed Central:
PMC4531440].

Zheng M, Guo Z, Fang M, Rahn KA, Kester DR. Dry and wet deposi-
tion of elements in Hong Kong. Mar Chem. 2005;97(1-2):124-39. doi:
10.1016/j.marchem.2005.05.007.

. DantuS.Geochemical patternsinsoils in and around Siddipet, Medak

District, Andhra Pradesh, India. Environ Monit Assess. 2010;170(1-
4):681-701. doi: 10.1007/s10661-009-1267-0. [PubMed: 20039202].
Hosseini SV, Sobhanardakani S, Tahergorabi R, Delfieh P. Selected
heavy metals analysis of Persian sturgeon’s (Acipenser persicus)
caviar from Southern Caspian Sea. Biol Trace Elem Res. 2013;154(3):357-
62. doi: 10.1007/s12011-013-9740-6. [PubMed: 23824563].
Kabata-Pendias A. Trace Elements in Soils and Plants. Fourth ed. Florida,
USA: CRC Press; 2010. p. 231-3.

. Sobhanardakani S, Tayebi L, Hosseini SV. Health risk assessment of ar-

senic and heavy metals (Cd, Cu, Co, Pb, and Sn) through consump-
tion of caviar of Acipenser persicus from Southern Caspian Sea. Envi-
ron Sci Pollut Res Int. 2018;25(3):2664-71. doi: 10.1007/s11356-017-0705-8.
[PubMed: 29134524].

Sobhanardakani S, Taghavi L, Shahmoradi B, Jahangard A. Ground-
water quality assessment using the water quality pollution indices
in Toyserkan Plain. Environ Health Eng Manage. 2016;4(1):21-7. doi:
10.15171/ehem.2017.04.

Hosseini SV, Aflaki F, Sobhanardakani S, Bandehkhoda Langaroudi
S. Selected metals in canned fish consumed in Iran. Iran ] Toxicol.
2015;27:1182-7.

Al-Khashman OA. Heavy metal distribution in dust, street dust and
soils from the work place in Karak Industrial Estate, Jordan. Atmos En-
viron.2004;38(39):6803-12. doi: 10.1016/j.atmosenv.2004.09.011.
Rasmussen PE. Can metal concentrations in indoor dust be predicted
from soil geochemistry? Can J Anal Sci Spectrosc. 2004;49(3):166-74.
Yaghi B, Abdul-Wahab SA. Levels of heavy metals in outdoor and in-
door dusts in Muscat, Oman. Int ] Environ Stud. 2004;61(3):307-14. doi:
10.1080/0020723032000203295.

Chattopadhyay G, Lin KC, Feitz A]. Household dust metal levels
in the Sydney metropolitan area. Environ Res. 2003;93(3):301-7. doi:
10.1016/S0013-9351(03)00058-6. [PubMed: 14615241].

Luo XS, Ding ], Xu B, Wang Y], Li HB, Yu S. Incorporating bioac-
cessibility into human health risk assessments of heavy met-
als in urban park soils. Sci Total Environ. 2012;424:88-96. doi:
10.1016/j.scitotenv.2012.02.053. [PubMed: 22444057].

Hogervorst ], Plusquin M, Vangronsveld ], Nawrot T, Cuypers A, Van
Hecke E, et al. House dust as possible route of environmental ex-
posure to cadmium and lead in the adult general population. Envi-
ron Res. 2007;103(1):30-7. doi: 10.1016/j.envres.2006.05.009. [PubMed:
16843453].

HanZ, BiX, LiZ,Yang W, Wang L, Yang H, et al. Occurrence, speciation
and bioaccessibility of lead in Chinese rural household dust and the
associated health risk to children. Atmos Environ. 2012;46:65-70. doi:
10.1016/j.atmosenv.2011.10.025.

Yoshinaga |, Yamasaki K, Yonemura A, Ishibashi Y, Kaido T, Mizuno K,
et al. Lead and other elements in house dust of Japanese residences-
source of lead and health risks due to metal exposure. Environ
Pollut. 2014;189:223-8. doi: 10.1016/j.envpol.2014.03.003. [PubMed:

24682073].
Mirhossaini SH, Khoramabadi GS, Jafari A, Dehestani S. Environmen-

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

tal noise pollution in the city of Khoramabad, Iran. ] Environ Sci Tech-
nol.2008;1(4):164-8. doi: 10.3923/jest.2008.164.168.

Yongming H, Peixuan D, Junji C, Posmentier ES. Multivari-
ate analysis of heavy metal contamination in urban dusts of
Xi'an, Central China. Sci Total Environ. 2006;355(1-3):176-86. doi:
10.1016(j.scitotenv.2005.02.026. [PubMed: 15885748].

Chen H, Lu X, Li LY. Spatial distribution and risk assessment
of metals in dust based on samples from nursery and pri-
mary schools of Xi'an, China. Atmos Environ. 2014;88:172-82. doi:
10.1016/j.atmosenv.2014.01.054.

Lin Y, Fang F, Wang F, Xu M. Pollution distribution and health risk
assessment of heavy metals in indoor dust in Anhui rural, China.
Environ Monit Assess. 2015;187(9):565. doi: 10.1007/s10661-015-4763-4.
[PubMed: 26260049].

Turner A, Ip KH. Bioaccessibility of metals in dust from the indoor en-
vironment: application of a physiologically based extraction test. En-
viron Sci Technol. 2007;41(22):7851-6. doi: 10.1021/es071194m. [PubMed:
18075098].

Ju YR, Chen WY, Liao CM. Assessing human exposure risk to
cadmium through inhalation and seafood consumption. | Haz-
ard Mater. 2012;227-228:353-61. doi: 10.1016/j.jhazmat.2012.05.060.
[PubMed: 22677056].

Liao QL, Liu C, Wu HY, Jin Y, Hua M, Zhu BW, et al. Associa-
tion of soil cadmium contamination with ceramic industry: a
case study in a Chinese town. Sci Total Environ. 2015;514:26-32. doi:
10.1016/j.scitotenv.2015.01.084. [PubMed: 25659302].

McKenzie ER, Money JE, Green PG, Young TM. Metals associated
with stormwater-relevant brake and tire samples. Sci Total Environ.
2009;407(22):5855-60. doi: 10.1016/j.scitotenv.2009.07.018. [PubMed:
19709720]. [PubMed Central: PMC2776691].

Ghobadi MH, Ghorbani A, Mohseni H, Uromeiea A. [study of engineer-
ing geological properties of the Ilam - Sarvak formations in Khorram-
abad city]. ] Eng Geol. 2015;8(4):2463-86. Persian.

Wan D, Han Z, Liu D, Yang J. Risk assessments of heavy metals in house
dust from a typical industrial area in Central China. Hum Ecol Risk As-
sess. 2015;22(2):489-501. doi: 10.1080/10807039.2015.1080593.

Harb MK, Ebga’ai M, Al-rashidi A, Alaziqi BH, Al Rashdi MS, Ibrahim
B. Investigation of selected heavy metals in street and house dust
from Al-Qunfudah, Kingdom of Saudi Arabia. Environ Earth Sci.
2015;74(2):1755-63. doi: 10.1007/512665-015-4184-2.

Yap CK, Ismail A, Tan SG. Heavy metal concentrations in indoor fan
dusts of residential areas: a preliminary study. Malays Appl Biol.
2007;36(2):65-7.

Davis J], Gulson BL. Ceiling (attic) dust: a "museum" of contam-
ination and potential hazard. Environ Res. 2005;99(2):177-94. doi:
10.1016/j.envres.2004.10.011. [PubMed: 16194668].

Johnson DL, Hager ], Hunt A, Griffith DA, Blount S, Ellsworth S, et al.
Initial results for urban metal distributions in house dusts of Syra-
cuse, New York, USA. Sci China C Life Sci. 2005;48 Suppl 1:92-9. doi:
10.1007/BF02889806. [PubMed: 16089334].

Economou-Eliopoulos M, Antivachi D, Vasilatos C, Megremi I. Evalua-
tion of the Cr(VI) and other toxic element contamination and their
potential sources: The case of the Thiva basin (Greece). Geosci Front.
2012;3(4):523-39. doi: 10.1016/j.gsf.2011.11.010.

Salim Akhter M, Madany IM. Heavy metals in street and house
dust in Bahrain. Water Air Soil Pollut. 1993;66(1-2):111-9. doi:
10.1007/bf00477063.

Tong STY. Indoor and outdoor household dust contamination in
Cincinnati, Ohio, USA. Environ Geochem Health.1998;20(3):123-33. doi:
10.1023/a21006561832381.

Lu X, Liu W, Zhao C, Chen C. Environmental assessment of heavy
metal and natural radioactivity in soil around a coal-fired power
plant in China. J Radioanal Nucl Chem. 2012;295(3):1845-54. doi:
10.1007/s10967-012-2241-9.

Sobhanardakani S, Taghavi L. Nickel, lead and zinc contamination

Jundishapur ] Health Sci. 2018;10(3):e67382.


http://dx.doi.org/10.1007/s00003-017-1107-z
http://dx.doi.org/10.1007/s00003-017-1107-z
http://dx.doi.org/10.1186/s40201-015-0215-x
http://www.ncbi.nlm.nih.gov/pubmed/26266037
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4531440
http://dx.doi.org/10.1016/j.marchem.2005.05.007
http://dx.doi.org/10.1007/s10661-009-1267-0
http://www.ncbi.nlm.nih.gov/pubmed/20039202
http://dx.doi.org/10.1007/s12011-013-9740-6
http://www.ncbi.nlm.nih.gov/pubmed/23824563
http://dx.doi.org/10.1007/s11356-017-0705-8
http://www.ncbi.nlm.nih.gov/pubmed/29134524
http://dx.doi.org/10.15171/ehem.2017.04
http://dx.doi.org/10.1016/j.atmosenv.2004.09.011
http://dx.doi.org/10.1080/0020723032000203295
http://dx.doi.org/10.1016/S0013-9351(03)00058-6
http://www.ncbi.nlm.nih.gov/pubmed/14615241
http://dx.doi.org/10.1016/j.scitotenv.2012.02.053
http://www.ncbi.nlm.nih.gov/pubmed/22444057
http://dx.doi.org/10.1016/j.envres.2006.05.009
http://www.ncbi.nlm.nih.gov/pubmed/16843453
http://dx.doi.org/10.1016/j.atmosenv.2011.10.025
http://dx.doi.org/10.1016/j.envpol.2014.03.003
http://www.ncbi.nlm.nih.gov/pubmed/24682073
http://dx.doi.org/10.3923/jest.2008.164.168
http://dx.doi.org/10.1016/j.scitotenv.2005.02.026
http://www.ncbi.nlm.nih.gov/pubmed/15885748
http://dx.doi.org/10.1016/j.atmosenv.2014.01.054
http://dx.doi.org/10.1007/s10661-015-4763-4
http://www.ncbi.nlm.nih.gov/pubmed/26260049
http://dx.doi.org/10.1021/es071194m
http://www.ncbi.nlm.nih.gov/pubmed/18075098
http://dx.doi.org/10.1016/j.jhazmat.2012.05.060
http://www.ncbi.nlm.nih.gov/pubmed/22677056
http://dx.doi.org/10.1016/j.scitotenv.2015.01.084
http://www.ncbi.nlm.nih.gov/pubmed/25659302
http://dx.doi.org/10.1016/j.scitotenv.2009.07.018
http://www.ncbi.nlm.nih.gov/pubmed/19709720
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776691
http://dx.doi.org/10.1080/10807039.2015.1080593
http://dx.doi.org/10.1007/s12665-015-4184-2
http://dx.doi.org/10.1016/j.envres.2004.10.011
http://www.ncbi.nlm.nih.gov/pubmed/16194668
http://dx.doi.org/10.1007/BF02889806
http://www.ncbi.nlm.nih.gov/pubmed/16089334
http://dx.doi.org/10.1016/j.gsf.2011.11.010
http://dx.doi.org/10.1007/bf00477063
http://dx.doi.org/10.1023/a:1006561832381
http://dx.doi.org/10.1007/s10967-012-2241-9
http://jjhsci.com

Sabzevari E and Sobhanardakani S

in the surface sediments of Agh Gel Wetland, Iran. Arch Hyg Sci. 2016;5(3):172-8.

Jundishapur | Health Sci. 2018;10(3):e67382.


http://jjhsci.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Area
	3.2. Reagents
	3.3. Sampling and Analytical Methods
	3.4. Statistical Analysis

	4. Results
	Table 1

	5. Discussion
	5.1. Cadmium
	Table 2

	5.2. Chromium
	5.3. Lead
	5.4. Nickel
	5.5. Conclusion
	5.6. Research Limitations

	Acknowledgments
	Footnotes
	Authors' Contribution
	Funding/Support
	Conflict of Interest

	References

