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1- Introduction

Dusts are suspended particles in air, originating from natural and/or anthropogenic origins. There are two
main sources for dust streets. They consist of (1) precipitating from suspended particles (with natural and/or
anthropogenic origins) and (2) movement of urban soils (natural). Potentially, dust streets could be
considered as a distributing agent for metals. However, the concentration of metal in dust street is the
function of speed and direction of wind, composition of dust, and environmental acidity (Al-Khashman and
Shawabkeh, 2006; Yang et al., 2011). Previous studies have indicated that presence of heavy metals (e.g.,
Cu, Ni, Cd, Cr, and Zn) in the dust streets is due to the anthropogenic activities. Examples of such include
agricultural activates, energy producing, industrial plants, outwearing of wvehicles, and fossil fuel
combustion (Moller et al., 2005; Al-Khashman, 2013). On the other hand, the combustion of coal, crude
oil and natural gas for industrial and domestic uses can produce polycyclic aromatic hydrocarbons (PAHS).
The PAHSs can also be produced and subsequently being absorbed in dust streets by other activities such as
incomplete combustion of fuels, and friction of automobile wheels with asphalt rods (Takada et al., 1991).
Because of mutagenesis and carcinogenic properties, the investigation of PAHSs is very interesting in the
environmental assessments (i.e., Al-Khashman, 2013; Zarasvandi et al., 2014). For example, the presences
of 16 PAHSs in the dust streets of China have been detected in Long et al. (2013), who revealed that the
sources of PAHs are mostly from coal combustion, oil and plants burning, with coke, and car’s exhaust.
One of the first studies on the dust streets of Khuzestan Province have been carried out by Zarasvandi et al.
(2014). They indicate that PAHSs in the dust streets of Ahvaz generally have a pyrogenic origin and PAHs
with high molecular weight (HMW) are dominated in Ahvaz dust streets. The Mahshahr is an industrial
town in south western of Iran. This is exposed to a wide variety of pollutants due to the presence of various
environmental polluter sources. The present work is an attempt in order to evaluate the pollutant effects
and the source of heavy metal, and PAHSs in the dust streets of Mahshahr city.

2- Materials and methods

In the study area, sampling sites were selected from areas with different utility (e.g., industrial, commercial,
educational, high traffic, hospitals, residential, and park). For avoiding the rain effects, all samples were
collected during the dry season (July), using polyethylene brush and tray. Subsequently, collected samples
were assembled in polyethylene bags. After each sampling, brush and tray were cleaned using distilled
water and acetone. In order to removing the waste materials, all collected samples sieved through 2mm
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stainless-steel sieve. The samples were subsequently pulverized and homogenized using porcelain mortar.
Finally, samples sieved through a stainless-steel mesh, 75 mm sieve. Consequently, heavy metals were
determined using Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES) at the Zarazma
Company.

In order to correctly measuring the PAHS, the collected dust street samples were stored in sealed amber
glass vials. Then, the amber glass vials were sealed by aluminum foils. In the laboratory, all selected
samples were completely dried at room temperature and then sieved through 200 mesh stainless-steel sieve.
Dust samples (10 g dry weight) were weighed into a Soxhelt extractor. All the steps of sample preparation
(descript in Long et al., 2013) were carried out in the organic chemistry lab of the Shahid Chamran
University of Ahvaz. Finally the PAHs were analyzed by gas chromatography (GC Agilent 7890)—mass
spectrometry (MS Agilent 5975) in the comprehensive research laboratory of Jundishapour University of
Medical Sciences.

3- Results and discussion

3-1- Heavy metals

The results indicate that the concentration of heavy metals (e.g., Cu, Pb, Zn, Co, Sh, and Mo) in the dust
street samples of Mahshahr is higher than average crustal composition. Also, the measured values of Cu,
Cr, Pb, Zn, Mn, Ni, V and Fe are much higher than control sample. The calculating of enrichment factor
(EF) using formula (eg. 1) with considering the alumina as reference metal, indicates that EF values have
a decreasing trend from Pb to Cu, Zn, Fe, Mo, Cr, V, Mn, Ni, Sh and Co. Moreover, the results of the
calculating geo-accumulation index (1geo; eq. 2) revealed the Fe, Cu, Zn and Pb in the dust samples belong
to contaminated to medium contaminated categories, whereas Co, Sb Cr, Mn, Ni, Mo, and V belong to
uncontaminated class of geoaccumulation index (Muller, 1979).

F — (CX/Cref)sample (eq 1)
(Cx/cref )background

Igeo= log2[Cn\1.5Bn] (eq. 2)

The principal component analyses (PCA) was used to evaluate the natural and/or anthropogenic sources
of heavy metals. The results indicate that there are main three principal components throughout the data.
The first component covers 45.75 % of total variance which comprise Zn, Cu, Cr, Mn, V, Fe and Mo. The
second component with 22.67 % of total variance include Co and Sb, and the third one covers 13.95 % of
total variance and contains Pb and Ni heavy metals (Fig. 1).

The first group of components mostly has industrial and traffic sources. In this group, the highest values
of Zn have been seen in the municipal markets and special economic zone. Here, the high Zn values could
be attributed to the traffic of vehicles, decaying the tires, engine oil and friction of cars (Councell et al.,
2004). Conformably, high amounts of Cu as observed in city center, municipal markets and special
economic zone may be due to the traffic of vehicles, abrasion and corrosion car engines and brake pads
(Addo et al., 2012). The source of Mn in the first group of components could be due to the production of
iron, steel and galvanized pipes in the special economic zone (Tokalioglu et al., 2006). The high values of
V could also be attributed to the steel industries, and plants of chemical products (Manno et al., 2006). The
source of Sb in the second group of components is attributed to the high traffic of vehicles (Ariza et al.,
2000). Also, this metal may be has an industrial source, because high amount of Sb has been seen in the
special economic zone. Similarly, Co in the second group of components has traffic source. The third group
of components consisting of Ni and Pb may be specified to a traffic source. Because, according to Wei et
al. (2010), Ni could be originated form the engine of cars, especially in the stopping places. The high
amount of Pb in third group of components and especially in the Touhid park dust street samples is due to
its proximity to the main street of city and being high traffic.
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Fig. 1. Three dimensional diagram showing main three principal components throughout the data.

3-2- Polycyclic Aromatic Hydrocarbons (PAHS)

Overall, 13 type of PAHs has been detected in the dust streets of Mahshahr City. The concentrations of
PAHSs ranges from 10.3 to 96.06 ppb and PAHs with high molecular weight (HMW) are dominated in
samples. The high abundance of high molecular weight PAHs compared to that of low molecular weight
PAHs (LMW/HMW<1) indicate a pyrogenic source for PAHs of Mahshahr samples (Soclo et al., 2009).
The ratios of isomer are commonly used in the previous works (e.g., Zarasvandi et al., 2014) to trace the
source of PAHs. The molecular ratios of BaA vs. (BaA+Chr), and IND vs. (IND+BghiP) and Ant vs. (Ant
+ Phe) indicate that PAHs were mostly originated from biomasses, together with oil and coal combustion.
In this study, the dangers of carcinogenic PAHs were calculated using toxicity equivalency factor (TEF).
Accordingly, carcinogenic characteristic of Acy compositions is low, while BaP compositions have highest
carcinogenic property in the dust samples. According to international agency for research on cancer
(IARC), PAHSs could be classified into two groups.

The first group have enough or limited evidences for cancer-causing. In contrast, there are no evidences
for carcinogenic characteristics of second group. The sum of carcinogenic and non-carcinogenic PAHSs for
all sampling sites is represented in Fig. 2. It seems that the concentration of carcinogenic PAHs is higher
than non-carcinogenic PAHSs in all sampling sites. Importantly, concentration of carcinogenic PAHSs in
station 8 (223.25 ppb) which belong to city center is higher than all sampling stations (Fig. 2).

In this study, the clustering analysis (CA) was used to delineate the distributing agent of PAHSs. Here,
all calculations were performed using SPSS16 software. The results indicate that all PAHs could be
classified into three main clusters. The first cluster consists of PAHSs including: ANT, BaA, BbF, IND,
ACY, PYR, BaP and FLU. However, those of PHE, ANT, BaA and BbF, IND and ACY, PYR, BaP have
closer relation, representing same behavior and source for this PAHs. The components of first cluster are
found in the samples taken from city center and school (educational area) that may be sourced from
combustion of fossil fuels and high traffic of vehicles in such areas (Yunker et al., 2002). The CRY is the
only component of second cluster that indicates a difference source compared to that of other PAHSs. It is
important to note that the highest value of this component was seen in the samples of residential area. The
third cluster contains Bkf, DBA and BGP PAHSs. These components are dominant is the sample taken from
special economic zone. Here, the dominance of Bkf component is attributed to the burning of fossil fuels
(Rogge et al., 1993), while DBA and BGP PAHs were sourced from diesel vehicles.

ISSN: 2717-0764



wVa

shahid Chamran fo Adv. Appl. Geol. Spring 2023, Vol. 13(1): 199-223

University of Ahvaz

non Carcinogen Carcinogen

CONCentration (PRb)

52 55 56 S8 511

SAMPIE Station

non Carcinogen

rinogeEn
OgE

[w]
)

CONCENtration (ppb)

52 55 56 58 511
samie station
Fig. 2. Sum of carcinogenic and non-carcinogenic PAHSs in all sampling sites.

4- Conclusions
The main conclusions of this study could be summarized as follows:

1) The dust street sample of special economic zone is characterized by highest values of Cu, Mn, Mo, V,
Sb and Fe which is due to the presence of oil and petrochemical industries, as well as steel equipments in
this area.

2) The results of calculating the geoaccumulation index revealed that Fe, Cu, Zn and Pb belong to
contaminated to medium contaminated categories of Igeo, while other heavy metals belong to
uncontaminated category.

3) The results of principal component analysis (PCA) indicate that all studied heavy metals could be
arranged in three main orders. However, heavy metals in all orders mostly sourced from traffic, industrial
activates and burning of gasoline in the car engine (especially, Pb and Ni).

4) There are 13 PAHs components in the dust streets of Mahshahr. They are mostly sourced from
combustion of oil and coal, as well as biomass. Thus, a pyrogenic source could be specified for all PAHSs.

5) The sum of carcinogenic PAHSs in all sampling sites is higher than sum of non-carcinogenic PAHSs. This
feature highlights the danger of PAHSs and should be considered in urban planning
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Fig. 1. Map of the Mahshahr city and location of sampling stations (sample belonging to special zone in

excluded).
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(Enrichment Factor; EF)
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Yongming et al., 2006; Yavar Ashayeri <.l

.(and Keshavarzi, 2019)
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Table 1- Comparison of heavy metal concentration in the dust street samples with crust composition.

Element
concentration Sample
(mg/kg)
Fe '\OA \% Sb Co Cr Mn Ni Cu Zn Pb
O e 18 3 100 504 48 111 299 100 52
204 st 12 10 88 438 4 75 249 74 sS4
90 3 a5 16 54 s 385 B3 2 8 37 S5
20 3 54 1 13 8 449 50 66 250 95 6
90 2 50 0 10 e 416 4 38 122 27 57
27040 3 4 12 10 66 423 56 8 230 136 58
21040 2 4 11 8 76 350 37 39 119 149 s-11
W4 s 1 23 s 486 54 93 364 162 S-12
21000 2 46 11 9 68 356 3 60 157 119 13
20 4 6 m o1 7 438 51 42 123 292 S-15
2095 38 % 129 181 793 4245 463 629 1995 1191  Average
5%00 15 135 02 10 100 950 20 5 70 20 A‘C’reljg‘?e

«Control Point

Yongming et al., 2006) Sos & ,5:506 ganaid -V Jgax

Table 2- Classification of enrichment factor (Yongming et al., 2006).

Enrichment level EF values

Deficiency to

O . EF <2
minimal enrichment
Moderate enrichment 2<EF<5
Significant
enrichment S<EF< 20
Very high enrichment 20 < EF< 40
Extremely severe EF> 40

enrichment

K
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Pb>Cu>Zn>Fe >Mo>Cr>V>Mn>Ni>Sb>Co

steiabe e s L 5 0,8 (slaaiges 13 il polie ol (EF) (Said 19356 (nSibn Y Jpoz

Table 3- Average of enrichment factor for different elements in the Mahshahr’ dust street samples.

Enrichment (EF) Element
level

Moderate 3.82 Pb
enrichment

Moderate 2.89 Zn
enrichment

Moderate 3.45 Cu
enrichment

Minimal 0.29 Co
enrichment

Minimal 0.89 sb
enrichment

Minimal 1.33 Cr
enrichment

Minimal 1.24 Mn
enrichment

M.lnlmal 12 Ni
enrichment

Minimal 1.45 Mo
enrichment

M.lnlmal 127 v
enrichment

Moderate 2.03 Fe
enrichment

Igeo= log2[Cn\1.5Bn] (¥ aal) Geo-) W ] (v ol -Y-)-¥

Wgos y0 axlllasd o yaie clale CNoalayl, cpl jo

L osalls diged jo paie clale Bn o Lls Le 555
U dney o fle el o yo VO o pd g dne)
ol bl (Muller, 1979) el (So5g0gid ol 315

\RR

( (accumulation; lgeo
Muller, ) alewgas ,b gl a5 canlsl ey Lasls
Sl Sodll e bl gl s olgig (1979

Gy 5l pasls oyl g 0 08,54 S 3 S
23,5 0 dnulons ¥ abayl,
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Table 4- Average of geo-accumulation index (Igeo) index and its levels for various elements in the dust street

samples of Mahshahr city.

Contamination level lgeo iNdex Elements Contamination level Iy, Values
Uncontaminated to 0.819 Pb Practically uncontaminated lgeo<0
moderate
Uncontaminated to 0.55 7n Uncontaminated to 0<lgeo<l
moderate moderate
Uncontaminated to 0.782 Cu Moderate 1 <lgeo<2
moderate
Practlcglly -2.479 Co Moderate to strong 2<|geo<3
uncontaminated
Practically
uncontaminated -0.91 Sh Strong 3 <lgeo< 4
Practically
uncontaminated -0.385 Cr Strong to very strong 4<lgeo<5
Practically
uncontaminated -0.453 Mn Very strong lgeo>5
Practlcglly -0.492 Ni
uncontaminated
Practlcglly -0.447 Mo
uncontaminated
Practlcglly -0.43 v
uncontaminated
Uncontaminated to 0.145 Fe
moderate

0as &1, Y S5 58 Jgozr , chol ailge Lulows 5,15
adlio aw bools (5l aS a0 LES O Jaus .ol
Ao, FOIVO sga> Jgl adlie .conl saiiz ! peinl Lol
VM pole Jolss 905 o0 2 55 |, U5 oibls
Jlade b pgo adlie il e ZN 4 Cu Cr Mo Fe
el SB g CO l3ls Jolis JS il g 5l oo yo YY/PY
S 513 WAL i b pow adlge (izeen 4
Jsl 05,5 ks wily oo NI g Pb l3ls Lol ¢ byl
Sl pabimen 5 o Lide Gyl i Uless|

Y\Y

cadlio Julow b olpls Lice cpumns —¥-)-F
Principal Component Analysis; ) ol

(PCA
a8 Canl 0 piite wiz (g lel b, G ol adlhe oo
a8 ole e slaws JBlas 380 )] 6 5 54 5l Baa
ools (g 40 1) cadodmlice s o i
Judzs ol (Hassani Pak, 1998) coul sias o oylis

Lite (ptd 6l (rmmeany 5 Olalllas ;o ag j5boay
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Table 5- Rotated matrix for studied heavy metals.

Variable Component
1 2 3

Pb -0.006 -0.271 0.831

Zn 0.912 0.040 0.113

Cu 0.945 0.046 0.096

Co -0.143 0.957 -0.124

Cr 0.809 0.258 0.051

Mn 0.776 0.359 0.406

Ni 0.393 0.163 0.717

Mo 0.684 0.568 0.134

\% 0.628 0.419 0.278

Sb 0.406 0.880 -0.066

Fe 0.923 -0.073 0.159
Y%variance 45.75 22.67 13.95
%cumulative 45.75 68.42 82.38

Component 2
o

5

~1.o ‘0-5 0-0 o_s 1010 0'5 00

Component 1 comg

asllans y Sl3l5 sl olol ddlie ans b (saman loges Y S5

Fig. 2. Three dimensional diagram showing main three principal components throughout the data.
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Table 6- Sum of PAH components with low and high molecular weights, maximum, minimum and average of
PAH components in each station (ppb).

PAH S-2 S-5 S-6 S-8 S-11
min 10.3 11.82 10.45 11.21 10.45
max 61.23 73.61 44.06 96.06 61.66
mean 27.27538 36.84385 22.38692 33.62154 29.67
LMW * 136.7 219.87 86.89 149.62 148.02
HMW ** 217.88 259.1 204.14 287.46 237.69
LMW/HMW 0.62741 0.848591 0.425639 0.52049 0.622744
*Low Mulecular Weight
** High Mulecular Weight
eele Gl gl GLLS JLess 5 slaaises PAH slaces -V Jsar
Table 7- PAH ratios in the dust street samples of Mahshahr city.
S-2 S-5 S-6 S-8 S-11
BaA/(BaA+Chr) 0.53979  0.638237  0.50067659  0.561297 0.415653
IND/(IND+BghiP)  0.359261 0.407446  0.379310345 0.382333  0.37931
Ant/(Ant+ Phe) 0.599432  0.561994  0.62954823 0.60933 0.60602
Petroleum Petroleum Combustion Biomass & Cozl Combustion
- Biomass &
. 0.6 Coal Combusticn
[
5 05
b
Z 04
&
E 0.3 Petroleum
o 0 Combustion
o1 Petroleum
0
0 0.1 02 03 0.4 0s 06 0.7 0.8

IND/(IND+BGHIP)

aalllas 3,50 sla 4iges (51, IND/(IND+BghiP) «, BaA/(BaA + Chr) (glacns Jloges -¥ S

Fig. 3. Diagram of IND/(IND+BghiP) vs. (BaA/(BaA + Chr) for studied samples.
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Table 8. TEF and BaP.q for PAH components in dust street samples of Mahshahr.

PAH Abbreviation TEF BaPeq
Acenaphthylene AcY 0.001 0.01717
Flurene Flu 0.001 0.055278
Phenanthrene Phe 0.001 0.030844
Anthracene Ant 0.01 0.44928
Pyrene Pyr 0.001 0.029648
Benzo(a)anthracene B(a)A 0.1 2.0886
Chrysene CRY 0.01 0.18786
Benzo(b)fluoranthene B (b)F 0.1 1.9978
Benzo(K)fluorathene B (K)F 0.1 3.2278
Benzo(a)pyrene B (a)P 1 66.17
Indeno(1,2,3-cd)pyrene IND 0.1 1.0846
Dibenzo(a,h)anthracene DBA 1 25.088
Benzo(ghi)perylene BGP 0.01 0.17574

£ 9 ol sLPAH  goaxe (IARC, 2011)
az g5 b .ol osls 81,1 T S yo o] j2,0 150U s
aer o ol GLPAH  sgama (IS5 ol @
0 oy e GLPAH  goaxs 51 sUL ol
30 bogiye digad a5 S8 oSl o ogaz il
Ol o ol GLPAH  cbil sgame ool i
e 5l ladiges dudy &) Carn 45 el YYY/YO ppb
diged a5 SO wiged (e Cawl 053 (5t
St o1 0 ol s e SLPAH ¢ gaze ol valis
@ by aS 15 SO wgai el [l sPAH ;|
ol 8 Loty GlPAH cul gy 8lae Jle s
3 55 syt ke Lol ot SBPAH & o
15 i ks Sy 45wl e VSA-Q ppb T il

VY

oW yw e 9 il pw sPAH  -F-¥

Jls 50 dARC) lbyw clidss Mol 5]
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