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ARTICLE INFO ABSTRACT
Article history: Population growth and increasing urbanization expose city dwellers to higher degrees of urban
Received: 2022 December 29 pollutants, especially when they spend long time in enclosed environments with inadequate
Accepted: 2023 March 04 ventilation. This study is the first research on inorganic pollutants in indoor dust particles of Tehran
Available online: 2024 March 20 city, which applies geochemical indices to estimate the intensity of dust pollution by potentially
harmful elements. A number of 31 indoor dust samples were passively collected from inside the
Keywords: residential and office buildings in the central and densely populated districts of the city and were
Geochemical indices analyzed by ICP-Ms at the Universitat Rovira i Virgili, Tarragona, Spain. Single geochemical indices
Indoor dust of the Contamination Factor, Geoaccumulation Index, Enrichment Factor, and cumulative indices
Potentially toxic elements of Pollution Load and Potential Ecological Risk Indices were calculated. The results of elemental
Health risk analysis showed that the concentration of arsenic, cadmium, copper, mercury, lead and zinc in Tehran
Cumulative indices indoor dust is higher than that in some cities in the world. On the other hand, cobalt, chromium,
Urban geochemistry nickel and vanadium present low concentrations in the analyzed indoor dust samples. This result

was confirmed by the cumulative indices as well as the contamination factor. In contrast, some other
factors showed a low to medium degree of pollution for the above-mentioned elements. Based on the
obtained concentration of elements in the dust samples, it can be argued that the geochemical indices

indicating low to moderate pollution are not applicable and trustable in the current study.

1. Introduction

Rapid population growth along with the development of dwellers are exposed to potentially harmful trace elements from
urbanization, and industrialization have resulted in various numerous anthropogenic sources such as fossil fuel combustion,
types of environmental issues, among which inorganic pollution transportation-related ~ emissions, municipal and industrial
is of great concern. Nowadays, more than ever before, city activities, domestic and industrial wastewater effluents, etc. Trace
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elements are not biodegradable and can be accumulated in harmful
amounts in terrestrial materials and decline the quality of the
environment. Urban trace elements in addition to those naturally
originated from parent materials, can reach to human body through
direct and indirect ingestion, inhalation and dermal contact and
cause deleterious health impacts. This function is more serious
through the contaminant-bearing particulates in the atmosphere.
Suspended dust particles are present in different sizes from 1 to
10,000 microns that can travel long distances, and get entered into
buildings in different ways. Dust particles are deposited on floor
surfaces, carpets, furniture and edges in the interior space. Trace
elements concentration and level of contamination in indoor urban
dust have been the subject of numerous studies from throughout the
world. However, in Iran, most of the previous urban geochemistry
studies focused on soil and street dust (outdoor dust) while the
characteristics and contributions of household dust in many cities is
still unclear. Considering that Tehran, the capital and largest city of
Iran, with over 8.3 million residences (11,800 residents per square
kilometer) deals with severe dust pollution, it is pivotal to investigate
the geochemical status of airborne interior deposited dust in this
city. The current study aims to use various pollution geochemical
indices to measure the level of indoor dust contamination by trace

elements in Tehran’s central areas.

2. Research and Methodology

In this study, 31 urban dust samples were taken from interior
buildings located in the most densely populated central districts
of Tehran in an area of 100 Km? (Fig. 1). Samples were passively
collected in plastic Petri dishes for three months. They were then
sieved to pass a 2 mm nylon sieve. Samples were sent to the
Laboratory of Toxicology and Environmental Health, Universitat
Rovira i Virgili to analyze nineteen selected elements of Al, As, Be,
Cd, Co, Cr, Cu, Fe, Hg, Mg, Mn, Mo, Ni, Pb, Sb, Se, Sr, V, Zn by
ICP-MS. Single geochemical indices of the Contamination Factor,
Geoaccumulation Index, Enrichment Factor, and cumulative indices
of the Pollution Load Index and Potential Ecological Risk Index

were calculated and used to classify the degree of contamination.

3. Results and Discussions

Results of this study showed that As, Co, Cu, Pb, V and Zn in the
indoor dust of Tehran are higher than in several other cities from
around the world. While concentrations of Cd, Cr, Hg and Ni are
comparable or lower. Median concentrations of Cu, Pb and Zn
are significantly higher than those in (UCC). The average values
of As, Cd, Cu, Hg, Pb in the dust samples were recognized to be
respectively 8, 12, 8, 23, 9 and 12 times higher than the contents
reported for the upper continental crust (UCC).

The calculation of the contamination factor (CF) revealed some

significant levels of pollution in the indoor dust samples of Tehran.
Median CF values were found to be 8.15, 15.36, 8.25, 94.30, 10.54
and 15.92 for As, Cd, Cu, Hg, Pb and Zn, respectively. These are all
above the coefficient of 6 and classified as heavily contaminated.
Table 3. Classification of the coefficient for contamination factor
and percentage of samples in each category are shown in Table 3.
As can be seen in the boxplots Fig. 2, the analyzed dust samples fall
in the category of very low contaminated by Co, Cr, Ni and V. These
elements also revealed negative values for geoaccumulation index
(Igeo) (Table 4). However, similar to the contamination factor, As,
Cd, Cu, Hg, Pb and Zn show various levels of accumulation in dust
samples (Fig. 3). As can be seen in Table 5, 94, 50, 78 and 70% of
samples showed moderate to high levels of pollution (2<Igeo<3) by
As, Cd, Cu and Pb with, respectively. The results of the Enrichment
factor (EF) calculation are shown in Table 6. EF is classified into 5
groups based on the level of enrichment of elements which indicates
the level of contamination. Most of the dust samples (97%) are
considerably enriched by As and Hg (Table 7, Fig. 4). All of the
analyzed dust samples showed 2 > EF for Co, Cr, and V.

The results of the pollution load index (PLI) indicated values
between 2.07 and 6.66 for indoor dust samples of Tehran city (Table
8). All of the samples are loaded by potentially toxic elements
(Fig. 5). Moreover, potential ecological risk index (PERI) ranges
between 1488 and 85945. It means that all of the Tehran indoor
dust samples are classified in the fifth category (>720) indicating
the highest degree of ecological risk (Fig. 6).

Comparison between different geochemical indices (Table 9)
revealed a consistency between the cumulative indices (PLI and
PERI) results so that all of the indoor dust samples are remarkably
polluted by potentially toxic trace elements and have high potential
to cause ecological risk. In addition, it was found that the highest
level of pollution in Tehran dust is related to As, Cd, Cu, Hg, Pb and
Zn which are all urban elements. However, Igeo and EF conflict
with the rest of the indices because of showing up to moderate
degree of pollution specially for As and Cd.

Hence, it seems that cumulative indices as well as pollution index
are more reliable because they confirm the results of concentration

comparison with UCC and other cities in the world.

4. Conclusion

Urban dusts are important pollutants because they have elevated
contents of organic and inorganic substances, originate from
geogenic and anthropogenic resources, and can be harmful to the
environment and human health. When deposited or suspended
dust particles enter the enclosed environments become even more
deleterious.

Investigation of trace elements in the indoor dust of Tehran was

conducted for the first time and revealed high concentrations of As,
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Cd, Cu, Hg, Pb and Zn. The results also showed that the studied
dust carries only few amounts of Co, Cr, Ni and V. The elements of
the first group have shown higher values compared to the studies
conducted on the street dust of Tehran and other cities in the world.
These are urban elements and are mainly controlled by vehicles,
industry, and other municipal activities. Cumulative indices of
PLI and PERI as well as the single index of PI, show significant
pollution by the above-mentioned elements. This indicates the

major role of urban factors in the accumulation of As, Cd, Cu, Hg,

101

Pb and Zn in the dust samples.

This study also showed that Igeo and EF, due to the inconsistent
estimation of the level of contamination in the dust samples, are not
adequate indices here and seem to be challenging.

One of the reasons for this ineffectiveness is that Igeo was first
invented for sediments and then used for other studies, and the
enrichment factor index normalizes the values with the earth’s
crust and thus can lead to incorrect results when human activity is

involved.



11PL 99 o= I b"L““ 6 jlads (UIE 0495 1 €0 jlgs yuoj gle sole swliliad

D9 5y allio

www.gsjournal.ir : s 62éuo Sigay

9198 W Slidluyg 90 Jbé 39 (cow 09d1l Jolis (FogIT O (b5 f
g 4abls ot in g igia 7,6 o by g2 185 1

U.j:!‘ ‘Q\jéj ‘JAM'“\ )‘)T sl gg_.)j.G Q‘J@.» .l;-\) W) .]a.::m kg 9 6}1& cjjg‘
Ol 0l Olgs ol cpyle QAN ¢ ol 0 A2

oNuS> Ao Ol

3

Q-Ubfd\;‘)ﬂu45&4_‘,&)35234{@&&5&)‘}‘5%‘5*54Lgl.ha..\.'..‘n‘YTu)ﬁA):‘)oulc&iﬁﬁ\}\}wu\ﬂ) 45‘5.&4’;9%)\:

Ol b Sl ludss IT b ot VT o5l 53 ia s i canlllas ool lies Sl 4565 b 5 e slal 53 SV b St VPV /A3 5 b
53 5 i Szl 0553 SU ke 53 Ly a0 58l s S T Sk sbartipe s Last sl sslizal b o ol DA SR S

- S . , - VEY N /0 lasl b
qk,:‘éjuuul;lu,wc,.;zl;ﬂ@\;l}@}iﬂﬁéuaw"uo;,;;\dwu_,:”@)\.,”;,gm 401,@5,@..2‘5;}«:)&}1.2 2 (&

el ol Bl US54 05, oKty oo 3T 55 Wl ocsiiiinr (slewdly (o (miwiiad jl o3lizal b olasd
_ _ _ Zbe;‘_’w\:lf
oala 5 S IT 5L Latle mens gla o li 5 Sai b o 5 il e el o Sa T oo Jols s jite olasd e

_ _ bt ) e e ls
olie & 55 0L (s e T gl s lons JLE Sk a5 53 ST Do o (51 (K58 (o g s Joily

Shelegys le
Ol Olgr Sl (5 4 T 65 VL Sl CBIE 015 e Glamle 0555 JLE 55 (535 5 0 0 (i tpedlS (ST e 0l ke
e s 5 et (sl et s Lo g il ol A e OLE 1y (S1 pralie corabils 5 JSG pa S eI ol ¢ ilie 53 dias e e oS
ol Chle s el dias g 0L 1y (S 9T dao e B ol o K05 sla el & S 5 ks b (S 3T 5 ke o (sla e ls
3 o o 5 50355 el B bl o 53 (S5 T B o oo geba b (gla st b 48T oy a5l 4 O o0 a3 S (b

g o —
Alloway, 2013; Albanese) L,ls Oluisi ,gd Cudw Ldg 53 4o 5 JB & xR 9 Odd e (ki ed u:,z.f Gl gladle 5y Cares S,

L s odas sbas LeduNT oyl (and Cichella, 2012; Cichella et al., 2020
Glre D3 8oy 2 S L 5 edd Lase 5l Ll 03 28 slac Il
3,15l eiia Calidee C}b.w S35 p Salg 5 g 4l Jlasl (Particulate Matter)
Tashakor et al., 2022; Cichella et al.,) 535 0 Oy sl 3 Olasl wis oKas
2020; Wong et al., 2006; Tashakor and Modabberi, 2021; Alotaibi et al.,
.(2022; Alekseenko and Alekseenko, 2014; Ariapak et al., 2022
I Glae D)3 cla)Le L yls ) s Calidea glao Il 55 Flae O )3
Joee b Lot adlte 511 Y sb (glaldlie Al 5 n oS it 05 Sea Ve v et B
Golpl olé 55,5 o504 5 Ghae I3 (Rehman et al, 2020) S~ b tiss

03 ogsh ol Glaodu VT (5 ,me 3 oLl 6,851 5 & (el 04
PR 03 6 Cuwrex (Rehman et al., 2020) Cowl sdulel (6,68 sloce
Lol e &S 5,05 513 31500l 5 b gl Sl Jools ol NT gl
39> (..ﬁb_p‘\f.u;da Ol ) s Ddd Slej ¢ 55 ol AS o g
3 WA Ul s 5 st (6ol bl 0l o) 5 528 Coman oo )3 VE
S e Sl e
5 gl dagyn Sl ¢ ud Slas s Juls (5,48 (ST g b
Slaody T Oloa 51 5 dzeud 313005 b (e lio 5 Sl gl VT el 187
(Potentially Toxic Elements, PTES) o o3l ols laedu VT codd sl

E-mail: modabberi@ut.ac.ir ¢(s pta 5 g o 1 sime odkins 55 *

PP LXETR

AV COOYF e f)l" oo anllad 01,5 g0 Gl ludg)s Jle 5 e o5dll ole ;:}JT Sl bt AF Y G Ol gl o ol i B e 0§ e O o ol s

d - doi: 10.22071/gs].2023.378308.2045

B(E’ dor: 20.1001.1.10237429.1403.34.1.7.1

.https://doi.org/10.22071/gsj.2023.378308.2045 .11Y-44

Ll b g dlin O A 5 5 e ke anlilad 51y s (5 sime G s

This is an open access article under the by-nc/4.0/ License (https://creativecommons.org/licenses/by-nc/4.0/)
BY NC

VoY


https://www.gsjournal.ir/article_167868.html?lang=fa
https://www.gsjournal.ir/article_167868.html?lang=fa
https://www.gsjournal.ir/article_167868.html?lang=fa
https://www.gsjournal.ir/article_167868.html?lang=fa
http://www.gsjournal.ir?lang=fa

11P=99:(1) PE L F ol cuoj pole/l S0 9 (292195 135/ loiSlunyg > JUé 4> o 69l juolic SgiT s by jyl

A s 0k 53 3 g S polie alllan L (1Y49) O,(Sas 5 S
SIS Sds gy 4 0T (ST Gla ol anlous 5 olds Jlow 5 0),¢
wsls |y J) op a8 JSG 5 1 op 5V enslS juate oS AL 5 5 s Sl
.;,1;ﬁmﬁ,fj;,w,@utwﬁﬂjgﬂ,

Ol s oy 8 5 S L b Sl (VF0)) 0L 800s 5 osim
(S5 ISN alipy Sy dmlonn b 5 035 () pole hlE L5 )
235 ¢ ST ol ot Jole 5 azls oV oS ol 5 o S Bl s
el La gy

Ariapak et) ol,Sen 5 <SLLLT (68 ,Le G5y ol anllls &K s
Jl &K Usb s Glabe 5 sb 4 e FF 3 15 S wole Cbile (al., 2022
Sk a5 (ST o (S oy amlona b5 S (5,501
3 o (slaole 53 Lol 3)ls 5 g g Laole plas 5> (SoJT 4 s S asntin (S 40T
1 O s (ST 53 e 28 (i) T 5 o3l 5 g el 2
o 038 polie (ST o 5558 53 b e (51 005 5 anlllan |
Sla el aloe ol Sl 5 ey O 0 Sltlelg)s slajle 55 )
S o 15 0T st Ol Calien (pbard e

g3 gy —Y
lalasd 53 (o guede (o9 ,b 05151 3 G b 516 e HLE 4sas TN candllas ol 5>
i ails ole ¥ Dde 4 Ol g5 Led 65 0 e Ll LB Slastlu0yg s
O e oSG 5, Gbla A M (6515 i s B Szl 55 () JS2)
adlas ¢ Olge 4 (1F48) Slins Law g odd bl ailate 5 Lipd bl
laosls Olgn b s b & b5 55 Slllas aidate Ol i 4 03 )1kl 5 335 5 ode
Sl gys 5ke 6,803 5 Sl lads 2 )Le S5 1 (K ST alllas 53 )
0355 (5L 53 cWiged 3B 03ls 515 BE 158 amlin KouSS b cors plonil
5 dlmdu 5 OT Asle (55 5 laandl (555 39 50 Slaad G5, 2 Oletle
23 p3as ysbar & adisad it 158 Ol o s gdome i 2 b bl 5 LaS
ARyl 4y 5 aiiey 02553 s 3 iy e ke ¥ 51 JeS S o5l
s Sl eslizal b busT L5 5 oikd esbiw p Ll USLL g |5, ol
5 31kl & gai 3 eslizal b S J 28T Lus LT aie V4 6l ICP-MS
ol (b 53 i o530 31 a8 23T (sllast Ol ze 5 plonil o2 le3T )
As ,Cd, Cr, Hg, Pb, Ni, V, Co, Be, Se, Mo, Sb, Al, Mn, Fe, Cu, ,»le J'._JUT

A ¢ S s3I0 Mg, Zn, St

Sbosiom) sasli —\-Y
Sa8lT sl e ls 1 oslial Le Sladisad > jols Glas Chle 0,3
bl l ghyls Gllae Chle ol ;:,‘T C)l:...: oor 23 38 5 Sy
S, ol pen 4 pade a5 3,58 LS 4 OT 1 eslizul 8 ol e
(S3dby) Gilslig 3b ) amlin Ol pde 55 5 (6l s
Chle oS (ST Gl asls o Sl gabge ol b5 ) bl
dlonsn Sl ool (Slacns 5 0315 plal 15 (5l slonis o o 03l &S5 s ol
s DL |y 4503 &K )3 (SoIT pebans il 5 o0 4l 5 sldel &) 50
35 g 0alial L BIE (5l lrigs 51 e 0 eSSl s el ol ples 3
@3l 3 pole Chle o Kile Hle) ailin glacd e e ol S
polie b gl oSl Clale (aikis S esdT b bl 5l edd Cils s 4 el
) wilaie glashpme) die) 3y5m )3 0303 355 4 a5 b Sl o Hlne 6
o Ly siST (Golaw 53 48) (Jo s b (Sl 4y o 5 51555 sl OT 4
o3lo e Olgie 4 1) e i gy il O Ktin g3 i (0,10 5 g5 (S lns

Gustafsson et al., 2018;) dzwa (6,48 Sbleoe 53 o lu¥T 350 o (sl
.(Zhou et al., 2022
303 5 e iy (23S ST G b Sl el glalits I Lol slasle ol
LSl Calises Cjbu S 5 okd Olaztl 5yl Olartle 53 5450 lacS 5 5
Odediran) L s& o atig F355 Shid 55 392 50 slaad 5 Oleds (oS ¢ 5 3
et al., 2021; Doyi et al., 2019; Shi and wang, 2021; Ariapak et al., 2022;

Olazs L 4 399 Bl o

Sl cpl (Alotaibi et al., 2022; Gad et al., 2022
A Lo 53 9 Lsh e « 5 L s (Indoor dust) Shatlud g HLe Ol e
ST Sk 5035 555 505 L T )3 e slaetu VT o el 055
Al s 513 oT
e Sl i S S Gl a0 )s SlE 3 oS ole s
(535 A Sl 131555 (S5 Aoyt LAY &S Sl 3,0 5 OLSL
Meza-Figueroa et al., 2007;) 15,08 oo bsawyde 5 laoylsl cagls a5k
Abdulraheem et al., 2022; Adeniran et al., 2019; Zhou et al., 2021; Gad,
duslis 53 Lol VT 16 YL Sl o)l sen aylé ol &7 1 2 (et al., 2022
Mohammadyan et al., 2017;) das o 0L 54 5T slalas slasle b
Koehler et al., 2019; Hodas et al., 2016; Zhou et al., 2022; Gad et al., 2022;
.(Alotaibi et al., 2022; Buljov¢i¢ et al., 2022; Cao et al., 2020, 2022
St sas 53 o 05l olie S IT Ol bl s oslinal 3,50 2ss
55 .S e oslimal (ST Slasdiome) gl esls 5l baas lé 5 S
S D ol sy (gl g 3 polis Sl b el ) dlone
5 gy 53 oo CBIE L olasd e aia) b o 31kl 65 Y sane o)
Le 53 paie 0T &Sy s (512 (sobme coly ol 3155 5 0 odomin (Sl
..Aa_Tda Cwd 4
SET 53 (il ey s dile b ez ls 1 51 (6ol 457 Sl Sy
S5 sl OT Sl eslital & o adedis bl (ks 1l S b gy Sl
e o 1 0T lssl O Ry 5 L5 1, Y 2 5 ls 5 Glae
Li et al,, 2017; Hou et al., 2019; Rehman et) .\sta:; oslazl layle j’)ﬂ
(al., 2020
won L Ol e )3 508 (B30T e 53 o plonil Slalllas 2y
ST olad jledacails p JLe 55,5 D3 63y el 53 ad plosl Slalllas
Slallls Sl ladssys HLe 5 Dlhd 55 53 5 odd planil IS )L 5 LOLLS 5
el 0l plon] &Sl
ploil (5 ST 5 5Lk ey (ST (555 1 53b5 Dlalllan Ol gi e 53
PSS LOT 5 galdas 4 bl ys aS ol
Ol & 5515 5Le 555 Slacipe) sl Shs OFAF) OLKes 5 wdie
denloes LOT gl 1y Jon asla 5 anlllas aie Vo (g3 5 O Lgd ol
el 5T Gble ool 55 5Le 53 8 (ST a8 wnls 0l Olisl .65 S
Dehghani et al., 2017,) 555 S¥s 55 5 (655 dlay 55 (\W4F) Slaas
S5 ikt 5o (el Sy SLLs LS gladisel 5o ole LU (2018
olie CLle a5 5L )3 503 S (6,8 051 o 05380l uolic gl 1y Ol 4l
IS5 5 0t ge R cps S oo 5 Vb sl (S35 5 e o Ol pesT
as o OlE |y Jaw s bl
Gl Ol e e 4 Le anllas L (WWAA) O 5 2k e
dobn b5 8,8 o511 1) tn T 5 8T ()t 4 S (puaslS ol
ol (ST a3 5 ST mys (Shi b s b (bl ol
5303 S I 51 VU a5 Ol gd SLLs JLe & Ls S Latie wodd
AL 4l Ol s S 5 g5 BB e OIS Wl S e



11P=99:(1) PE 1 Fol (o pgle/l 5o g 22195 133/....loidlugg s JLé > o 69l polie S3giT sl 2l j)!

(Taylor and McLennan, 1985, 2001) oeSs Jsks 9 (Wedepohl, 1995)

.\:/-M“

Afo.x.i:Aﬁb\j%@]g}h&u&ﬁjﬂbjkj@lﬂba‘.xﬁf&ﬁ):@f
dﬁ.sj .]a,»}."' ol u’),u slaclkle aoT Q'.'-f“”\“s'-“”‘j 9 u{f“dﬁj“

® Sampling points

O 53 S sk S)ls paipes Bl SaST - S

Figure 1. Distribution of urban dust sampling points in Tehran.

gy e e 0l S L et £n) 03 (e e 5 pate Olas
Kabata-) ol yGUS" o o 51l 53 487 ol Slgom slaeS T Kb b e
As, Cd, Co, obe 1, Sl S 5 Kila 3 48 o oslizal (Pendias, 2011
KA G/ XAV /PP AYA Ve (s 5 4 Cr, Cu, Hg, Ni, Pb, Se, V and Zn
A o3lizal Slolowe 13 57 0355 0 kST 10 S Ja PV ¢ /F) /Y 470
(038l ) Slomigy o oo S5 & T 5 Db 305 53 olie B )
VL dlaly 53 ol (3l S8 53 ba sy Kos b 0T Sslis 5 45 e
gy 9> paie CBLE odd iy Lol 5 0l jlig JLE 53 pate CBLE
23l 5oy 535 (g, sl s 335 GHlolig By (nl S sbe g
(ol 3 n5 wbia 51 ol (5,8 i 5 (sheta sy palia Sl ) 4 &SGs 5 EF
a3 o OLE 1y 5300l 5 (gl e Liza Vo 1 5YL uslie S b o

(Pollution load Index: PLI) SogT 44 (ool —O0—Y
L 5 44 glul (Tomlinson et al., 1980) O, \Ken 5 & pmidel w5 a5l
235 o dloee 15 J e b

PLI A[CF *CF,*..*CF,
ST Jb patls (ol @505 53 olie slawin 5 S5JT s CF 0T 3 o8
55 s e O 1y 03 0T L Y 51 5YU Lslie 503 JT0 Sle Sl ) 51 S
auge b oS S JT I<PLIS2 ( ST 05 PLISI 338 dueas
a3 o O 1y 3L Jlew S5 JTPLI>3 ool S5 JT 2<PLI<3

Potential Ecological) (<3398 g51) (5 bip 93 S 3 Jaundly ol —F—Y
(Risk Index: PERI

ey Sy w3 b5l @lp eslial BB Latli & el ol
bug & Cal S5 OT dpr Gladess 53 58 Lole cble I ol
1355 o0 dnaloee 3 alaly b g ods S e (Hakanson, 1980) ¢ suS s

(Contamination Factor: CF) S9¢IT w4 yo Y—Y

35S o 3 esle daly b1y (S5 9T alaw 01§ oo ol 3l eslizal L
CF =Cs/Cr

w55 paie Olen CLIE Cr 5 4505 &5 )3 ol aie ble Cs 0T ;3 &

)y cble 5w lea.a (Hakanson, 1980) 0 guiS'ls baw 5 esls ol .ol

Taylor and McLennan,) e Vb (sloyB 4w g 55 olie Ll caasly opl )5

Ssb e S b 3 (2001

(b~ (Pollution Index) (Ss T jasls ob 4 pastls ol curle (S 53

RS PR

(Geoaccumulation Index: Igeo) cuvbdlopmo y ol ¥'—Y
Ui 6l s Aty bl s (Muller, 1969) g0 o 55 bl o3 Lot
:@laﬂﬁl)ldﬁj:)ST

L., =log, (Ci/1.5B)
o 15 SAS 5o 8 e o 5L 531 pate B G OT s oS
Abrahim) Gl () gy (ke 531 jate ChlE B b e} sl
.(and Parker, 2008

(Enrichment Factor: EF) 5w ié od 3o —F—Y

DL 5 S s pobie S a5 0Ll Sl Jlal 31l (oo Gl
05 S b pals OS5 4 ol polis e (Gl I adets (sl ol
(o (omedS coin JT 2T ol 51 Y ane 475 50 o ki o o Ol s &
Sutherland,) 5 g5 oo dlons 25 alasly plal 1 5 o o3lizel 55 b o WISl
22000

EF =(C/C) Sample/ (C/ C)
S T Esei 0 o e CBIECikisad s paie ClE COT 0 S

ref

\-



11P=99:(1) PE Lol g0 j pole/l S0 g (ug2l95 135/....loidlugg s JLé > o 69all polic SgiT s ol jyl

&ng&udﬂfﬁ):(éj))ﬁ:u)4gﬂ ‘Jgt; Ce ‘();‘dl?f
W05V 53 L OlgausT ol SIUT jeaie V4 Ol 51 asdllas ol 53 dia oo OLES
osliznl LB Lo 5 (5bT Dlaslous 53 5y ol 5l 5 055 Gadeds d= 51 5V
SV &S Olg sa gl S5 L Ol s Sl lus)s Hlé ols auwlis

chle Kils 5 a3 e 0l (Khajooee et al., 2024) odd jizia 0T 550 55
L)Lg:.-6&;@33}}‘}3(\:_53)}‘,;’:\5‘3‘%}“‘W‘dg‘égt;«:)-\'fp\;&
(\ Jju\?)whbTbJ:}wwJ{EJ{.__J}“KLCJ;LV.:AJKU}}&)J)
Lra_-)w-' ‘v.:.wl:.i (et ‘r.:.«lf LW}‘T ‘&AT Ll YL CJ:.LGLJ.&‘ sole

3 b ey Sl 1 sl Jalge b Ll 5 4 0T Al 5 ok

PERI =) E|
i=1
Jpe b b odd dlous (5 lbp p Sy o s B 5 polis slawin 0T 55 o8
E! =T'xPI
555 o > edd gl gl el e & Coan g 2 T, 0T 3 8

oMbl g bosts —Y

Gyois WGT gl —\-—Y

Ol Olg e Glastlu0s)s bl ladd il 600 ¥ ST mls
‘r,u\f‘eg.uj).u),@,ug@@ﬂuot};w‘\s&ﬂus.m&

@V gy 53 polis Sl (i ST O st sleesls 5 p S 508 r i 3lie D1 el Sl le0)s Sl €501 s olie Sl (LT oM ) s
(Rudnick and Gao, 2003) 515 5 &Ssl, 3l e s (ol » 5 (Taylor and McLennan, 2001) 0WeS 5 5 5ls olul e

Table 1. Statistical summary of the concentration of elements in 31 indoor dust samples of Tehran city (mg kg -1). The last column

shows concentrations of elements in the upper continental crust according to Taylor and McLennan (2001) and mercury after Rudnick

and Gao (2003).
mg/kg Max min mean median Std. Dey. Skewness Kurtosis ucc*
Al 23568 16637 19501 19214 1864 0.43 -0.77 80400
As 39.04 7.45 12.23 11.27 5.18 4.89 25.98 1.5
Cd 5.65 0.55 1.51 1.16 1.08 2.62 7.26 0.098
Co 21.26 7.00 12.35 12.08 2.71 0.87 3.08 17
Cr 121.01 35.93 71.85 69.01 21.58 0.53 0.12 85
Cu 555 71 206 199 84 2.41 9.67 25
Fe 52197 19334 26675 25869 6310 2.46 8.32 35000
Hg 4.62 1.04 1.32 1.16 0.64 4.93 25.77 0.05
Mn 733 546 647 639 43.73 0.10 -0.14 600
Ni 91.30 28.02 50.88 46.85 13.55 1.43 2.27 50
Pb 308 61 169 153 55 0.83 0.62 16
v 65.70 47.05 56.52 56.07 5.08 0.04 -0.85 110
Zn 6887 309 1130 839 1147 4.49 22.60 71
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Table 2. Statistical summary of calculated pollution coefficient for 31 indoor dust samples of Tehran city.

As Cd Co Cr Cu Hg Ni Pb \% Zn
max 26.03 57.66 1.25 1.42 2221 92.38 1.83 19.25 0.60 97.00
min 4.97 5.66 0.41 0.42 2.86 20.78 0.56 3.84 0.43 4.36
mean 8.15 15.36 0.73 0.85 8.25 26.41 1.02 10.54 0.51 15.92
med 7.52 11.88 0.71 0.81 7.97 23.37 0.94 9.58 0.51 11.81
Std. Dev. 3.45 11.01 0.16 0.25 3.34 12.89 0.27 3.45 0.05 16.15
Skewness 4.89 2.62 0.87 0.53 2.41 4.93 1.43 0.83 0.04 4.49
Kurtosis 25.98 7.26 3.08 0.12 9.67 25.77 2.27 0.62 -0.85 22.60

A;:)Tféuélj@:ﬁjzLhﬁ}ajéﬁf)béJ—ﬂ)b}jb)}T\ﬁl}éﬁ:L&‘s-\l{u_\@u =¥ Jyd>

Table 3. Classification of coefficient for contamination factor and percentage of samples in each category.

CF o gl As Cd Co Cr Cu Hg Ni Pb \% Zn

<1 low contamination 97 84 71 100

1-3 moderate contamination 3 16 29

3-6 considerable contamination 3 3 6 3 3

>6 very high contamination 97 97 94 100 97 97
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Figure 2. Boxplot diagram of contamination factor. Due to the very
different values, in order to better represent the elements, mercury,

which has a wider variation, is shown in a separate diagram.

\-



11P=99:(1) PE Lol g0 j pole/l S0 g (ug2l95 135/....loidlugg s JLé > o 69all polic SgiT s ol jyl

ok 03,37 jaie a1 B USE 5 OT (Glamr el 3V 59 Gladsde 5o o 60 g ot ¢3S ()Tl g 3 0 (6, S 51 e Ol |

! ) god (Ghatws 4S5 A o Ol 1y (Vb ,islie baagad i b aen 53 S5y 9

O o )le adsai (gl Sill e e li (g lT 4ol —F J i

Table 4. Statistical summary of geoaccumulation index for indoor dust samples of Tehran.

As Cd Co Cr Cu Hg Ni Pb \4 Zn
max 4.12 5.26 -0.26 -0.08 3.89 5.94 0.28 3.68 -1.33 6.01
min 1.73 1.92 -1.87 -1.83 0.93 3.79 -1.42 1.36 -1.81 1.54
mean 2.38 3.14 -1.08 -0.89 2.37 4.06 -0.60 2.74 -1.55 3.11
med 233 2.99 -1.08 -0.89 2.41 3.96 -0.68 2.68 -1.56 2.98
Std. Dev 0.37 0.73 0.32 0.45 0.52 0.40 0.35 0.47 0.13 0.81
Skewness 3.30 1.32 -0.27 -0.32 0.06 3.83 0.60 -0.30 -0.12 1.43
Kurtosis 15.97 1.99 1.73 0.15 2.67 17.49 1.27 1.37 -0.75 4.63

.ol,gijq,i»)l.,éLs\.ad)u'le,:ul...il@.ajPu;}kwéhwbﬁcéf)\}dhd,ﬁw):—b Jod>

Table 5. Classification of coefficient for geoaccumulation index and percentage of samples in each category.

L. sy As Cd Co Cr Cu Hg | Ni | Pb A\ Zn
<0 unpolluted 100 100 92 100
0-1 unpolluted to moderately polluted 3 8
1-2 moderately polluted 3 3 16 3 6
2-3 moderately to highly polluted 94 50 78 70 48
3-4 highly polluted 32 3 67 27 33
4-5 highly to extremely high polluted 3 12 30 10
5-6 extremely high polluted 3 3 3
Igeo
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Figure 3. Boxplot diagram of the geoaccumulation index for indoor
WA Wod Cco Mcr @cu My MNi Heo By H2n

dust samples of Tehran.
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Table 6. Statistical summary of enrichment factor for indoor dust samples of Tehran.

As Cd Co Cr Cu Hg Ni Pb A% Zn
max 40.46 10.73 1.51 1.43 10.03 46.99 2.23 7.92 0.39 65.51
min 8.62 1.05 0.45 0.44 1.42 10.73 0.75 1.77 0.28 3.43
mean 13.76 2.76 0.83 0.91 3.98 14.21 1.32 4.71 0.33 11.91
med 12.88 2.16 0.81 0.90 391 12.92 1.24 436 0.33 9.45
Std. Dev. 5.32 1.94 0.20 0.24 1.49 6.46 0.33 1.42 0.03 10.83
Skewness 4.42 2.85 1.27 0.01 2.17 4.78 1.37 0.40 0.20 431
Kurtosis 22.54 9.31 3.65 0.24 8.45 24.68 2.36 -0.21 -0.81 21.19
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Figure 4. Boxplot diagram of the enrichment factor for indoor

dust samples of Tehran.
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Table 7. Classification of coefficient for enrichment factor and percentage of samples in each category.

EF o gi As | Cd Co Cr Cu | Hg | Ni | Pb v Zn
<2 deficiency to minimal enrichment 39 100 100 3 94 3 100
2-5 moderate enrichment 48 86 6 57 10
5-20 significant enrichment 97 13 11 97 40 84
20-40 very high enrichment 3
>40 extremely high enrichment 3 3 3
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Figure 5. Pollution load index for 31 indoor dust samples of Tehran.
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Table 8. Statistical summary of pollution
load index and potential ecological risk

index for indoor dust samples of Tehran.

PLI PERI
max 6.66 85944.68
min 2.07 1488.42
mean 3.97 4725.29
med 3.71 1849.76
Std. Dev. 0.89 15085.31
Skewness 1.05 5.55
Kurtosis 2.31 30.89
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Figure 6. Potential ecological risk index for indoor dust

samples of Tehran.
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Table 9. Comparison between different geochemical indices in the indoor dust samples of Tehran.

As Cd Co Cr Cu Hg Ni Pb \% Zn
CF very high very high low low very high very high low very high low very high
contamination | contamination | contamination | contamination | contamination | contamination | contamination | contamination | contamination | contamination
L. moderately unpolluted unpolluted highly unpolluted moderately unpolluted
moderately
moderately to highly moderately polluted/ to highly
to highly
to highly polluted/ to highly highly to /polluted
/polluted
polluted highly polluted extremely highly
highly polluted
polluted polluted polluted
EF deficiency
moderate
to minimal deficiency deficiency deficiency deficiency
significant moderate significant enrichment/ significant
enrichment/ to minimal to minimal to minimal to minimal
enrichment enrichment enrichment significant enrichment
moderate enrichment enrichment enrichment enrichment
enrichment
enrichment
PLI deterioration of soil quality
PERI very strong risk
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