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1- Geo-accumulation Index
2- Enrichment Factor

3- Pollution Index

4- Integrated Pollution Index
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Figure 1- Study area and sampling points in Kermanshah province
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Figure 2- Sampler used for dust collection
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2- Enrichment Factor (EF)
3- Pollution Index (PI)
4- Integrated Pollution Index (IPI)
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1- Geo-accumulation Index (Igeo)
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Table 1- Geo-accumulation index classes

oo il o5 il gl sy

Class  Geo-accumulation index Pollution degree

03g)] s

0 Tgeo< 0 o

Practically unpolluted
035l 5 034)] s
1 0<Igeo51 )91 LS‘SL 395)'::‘
Unpolluted to moderately polluted
2 1<Igee< 2 29l o8
Moderately polluted
3 2<Igm§ 3 o3gll (s b odgll (oS
Moderately to strongly polluted

0351 S

4 3<I g 4 I ke
Strongly polluted
5 4<Tges 5 o3gll 105 b odgll LS

Strongly to extremely polluted

039 T W

6 Iyeo™ 5 > Lt
Extremely polluted

S 455 S Y Jge

Table 2- Enrichmentfactor classes

oW S s RTINS
Class Enrichment Factor Pollution degree
1 EF <2 L S
Deficiency to minimal enrichment
hu) . S el
2 2< BF<5 $o S5
Moderate enrichment
b . S a .t
3 5< EF<20 Mo
Significant enrichment
4 20< EF<40 b ok Sab
Very high enrichment
5 EF > 40 ) s (Sadts

Extremely high enrichment

391 pole (At L g (Sl sl Olib ¥ Jgaa
Table 3- Pollution index (PI) and integrated pollution index (IPI) classes
oS S el 3 pols ol 39
Class Pollution Index (PI) Integrated pollution index (IPI) Pollution level

1 PI<1 IPI<1 ~
Low
2 1<PI<3 1<IPI<2 bsgte
Middle
3b;
3 PI>3 IP1>2 .
High
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Table 4-Statistical description of the total concentration of heavy metals (mg kg ") in dust samples from the study area in
Kermanshah province during the summer2013 (n=49)

&9 o IS P95 P o2l
Zn Cu Ni Cr Mn Fe
Jslas(Minimum) 132 24 60 44 400 20,750
sSlie(Maximum) 700 256 245 147 695 35,562
oke(Mean) 238 47 124 74 495 28,704
lre 3l,5l(Std. deviation) 126 35 51 26 57 2956
() &y g p(CV%) 53 74 41 35 11 10
Se(Skewness) 1.96 4.98 0.9 1.35 0.96 -0.15
5 prowsb- 89 5 50J S (Kolmogorov- Smirnov) 0.0 0.0 0.0 0.0 0.02 0.2
(8) 4ej polio(Background values(5)) 62 14 18 42 418 47,000
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Table 5-Heavy metalsconcentrations (mg kg ") in dust of Kermanshahin comparison with the results of previous studiesin
Iran and the world

oo

&9 e S5 95 e o &
Location Zn Cu Ni Cr Mn Fe Reference
SRS 243 47 132 78 494 28,617
Urban (n=35)
obides A 092 227 45 104 64 497 28,921 rob el
Kermanshah Suburban (n=14) Present study
g 238 47 124 74 495 28,704
Total (n=49)
3| wi(Shiraz) 403 136 77 67 438 20,255 (20)
Obwd S(Kurdistan) - 61 - - 498 14,004 (21)
Sl(Arak) 9 45 28 46 - - (12)
olxs(Tehran) 873 225 35 33 1,214 47,936 (32)
ol,S(Kerman) 214 60 35 - 342 - (16)
olaol(Isfahan) 470 71 82 24 540 - (24)
Ki>il(Nanjing—China) 394 123 56 126 646 34,200 (14)
> $L(Baoji—-China) 715 123 49 127 804 - (23)
obl(Amman—Jordan) 401 250 16 18 145 5,371 a7
l36(Ottawa—Canada) 184 188 19 59 534 25,660 29)
1,3l(Madrid—Spain) 476 188 44 61 362 19,300 (10)
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Table 3- Box-plot of Geo-accumulation Index (Ige) and Enrichment Factor (EF) for heavy metals in dust samples of
Kermanshah
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Table 6- Statistical description of the Pollution Index (PI) and Integrated Pollution Index (IPI) ofheavy metalsin dust samples
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Introduction: Atmospheric dust is an important source of heavy metals, particularly in urban environments.
Heavy metals can easily attach to dust particles and be distributed in large areas. Therefore, assessing the extent
of heavy metals pollution present in nuisance dust is important for establishing pollution control strategies and
evaluating the results of previous measurements. Heavy metals contamination in atmospheric dust of
Kermanshah provinehas not been previously investigated. The main objective of this initial study was to
determine the concentrations of heavy metals in atmospheric dust samples that were collected from Kermanshah
province and to assess their contamination level. The results can provide a baseline for use in future
environmental impact assessments and to guide pollution mitigation targets.

Materials and Methods: Dust samples were collected from 49 sites across the province, during the summer
2013. Dust sampling sites were selected in different urban (35 site)and suburban (14 site) locations in
Kermanshah, Songhor, Gilangharb, Ghasre-Shirin, Sahneh, Sarpolzahab, Kangavar, Paveh and Javanrood cities.
Dust collectors were installed on the roof of buildings about 3—4 m above the ground level. Each collection tray
consisted of a circular plastic surface (320 mm in diameter, 120 mm depth) that was fixed on holders with 33 cm
height and covered with a 2 mm PVC mesh on top to form a rough area for trapping saltant particles. The dust
samples were analyzed for their Zn, Cu, Ni, Cr, Mn and Fe concentrations using an Atomic Absorption
Spectrophotometer. In the present study, geo-accumulation index (I4e), enrichment factor (EF), pollution index
(PD) and integrated pollution index (IPI) were calculated to assess the heavy metal contamination level in the
atmospheric dust.

Results and Discussion: The results showed that except for Fe and Mn, all heavy metal concentrations of
atmospheric dust in Kermanshah provinewere higher than in the background soils of world, showing that these
heavy metals are likely from anthropogenic sources. The order of mean Ige values was Ni> Zn> Cu> Cr>Mn>
Fe, similar to the order of their EFs and PIs, which can also be seen as the decreasing order of their overall
contamination degrees inatmospheric dust ofKermanshah province. The mean Ige, for Ni points to moderately to
strongly pollution. 59% of calculated Igefor Ni falls into class 2 (moderately polluted) and 37% into class
3(moderately to strongly polluted), while according to the Igevalues for Mn (98%) and Fe (100%), they were
practically unpolluted (class 0). The maximum EFs of Zn, Cu and Ni were higher than 10, which show that Zn,
Cu and Ni in atmospheric dusts mainly originate from anthropogenic sources. It seems that EFs can also be an
effective tool to differentiate the natural origins from anthropogenic sources.The mean EF (11.2) and 94% of Ni
EFs were in the range of 5-20 indicating that Ni was a maincontaminant in studied samples. Mn had 41%
EFsless than 2 and 59% EFs in the range of 2—5, with mean EF less than 2, indicating minimal enrichment. The
analytical results of heavy metals Ige are same as the analytical results of EFs. The PIs of Zn, Cu and Ni were in
the ranges of 2.1 to 11.3, 1.7 to 18.3 and 3.3 to 13.6, with an average of 3.8, 3.3 and 6.9, respectively. These data
indicate that Zn, Cu and Ni may cause serious pollution in atmospheric dust of Kermanshah. The IPIs of
atmospheric dust samples vary from 1.9 to 6.2 with mean value of 2.9, indicating that all studiedsamples were
polluted by heavy metals.

Conclusion: The concentrations of heavy metals that were investigated in this studywere compared with the
reported data of other cities and with the background values of elements in the world soils. The concentrations of
Zn, Cu, Ni and Cr in urban dust samples, and Fe and Mn in suburban dust samples were higher than their
respective values in the world soils. The results indicate that atmospheric dusts in Kermanshah provinhave
elevated metal concentrations in general. The calculated values of Iy, and EF of heavy metals revealed the order
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of Ige and EF as Ni> Zn> Cu> Cr>Mn> Fe. The high Iy and EF for Ni, Zn and Cu in atmospheric dusts
indicated that there was a considerable Ni, Zn and Cu pollution (Especially nickel), which possibly originate
from traffic and industrial activities. The Ige; and EF of Mn and Fe were low. The results of PI also supported Zn,
Cu and Ni serious pollution in atmospheric dust. Similarly, IPI resultsconfirmed atmospheric dust samples
pollution by heavy metals. These findings indicated that more attention should be paid to heavy metal
contamination of atmospheric dusts in Kermanshah, especially in case of Ni.
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