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ARTICLE INFORMATION ABSTRACT:

Article Chronology: Introduction: Concentration of Particulate Matters were measured for a one-
Received 11 January 2016 year monitoring period from July 2011 through June 2012 in Qom, a city
Revised 02 February 2016 located in western part of Dasht-e Kavir, central Iran.

Accepted 14 March 2016 Materials and Methods: Some related meteorological parameters comprising
Published 31 May 2016 wind speed, wind direction, rainfall, relative humidity (RH), temperature and
sunshine hours were evaluated.

Keywords: Results: PM, , PM, , and PM, maximum values were recorded as 1160.67,
Particulate Matter, Dust Event, 242.92, 90.82 pg/m?, respectively. The maximum number of days with peak
Meteorological Parameters, PM, -Rose, concentration of PM was reported from July through November 2012. Obtained
Desert. results represented that the winds are prevailed from southern and south-

eastern sides of Qom with 24.5% and 24% of consequences, respectively. The
correlation between PM, | concentration and relative humidity was moderate
- and indirect (r = - 0.340).
iZEsiggir)@ggn;?:;?T Conclusions: The coordination between governmental administrations
Fax: (19821) 88 95 4914 of central provinces engaged with dust events is suggested to mitigate the
health-related impacts using a long term control program.

CORRESPONDING AUTHOR:

INTRODUCTION of environmental and human impacts. Altering
Only a few studies reveal some beneficial as-  the atmosphere temperature through scattering
pects of desert dust on oceanic and terrestrial ~ or absorption the solar radiation [5], changing
processes [1-3]. In contrast, during recent de-  the atmosphere convectional activity [6], affect-

cades, concerns arose on some negative effects  ing the cloud formation [7] are among impacts
of dust events [4]. The side effects of dust events ~ on environment. The impacts of dust loading on
can be divided in two main categories consist ~ humans are noticeable in different ways such
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as respiratory complaints, transporting the al-
lergens, asthma incidences, some bacterial out-
breaks and so on [8-12].

The Sahara and Sahel regions of North Africa
are the most important sources of dust events
[13]. The Badain Juran, Taklamakan, and Gobi
deserts are recognized as the second important
atmospheric dust source in the world which
have been known as “Asian Dust” [14, 15]. Al-
though, dust events originated from the Arabian
Peninsula, Kuwait and southern parts of Iraq are
not as severe as Saharan and Asian sources, but
those impacts on the western part of Asia are no-
ticeable and are titled as “the Middle east dust
(MED) event”[4, 16]. During recent years, the
southwestern, western and even central parts of
Iran have been affected extensively from Mid-
dle east dust (MED) events. It was reported a
total of 72 dusty days and 711 dust hours with
PM, concentration more than 250(ug/m*) dur-
ing a six month study period from April through
September 2010 [17]. Over 30 percent of Iran is
covered by deserts which are located mainly in
central part of country. Some of most important
population centers in Iran, such as Qom, Isfa-
han, Kashan, Yazd, Kerman and semnan have
been located in central desert margins. Studies
regarding to atmospheric dust problems which
have been done in central cities of Iran, mainly
focused on anthropogenic sources and desert
dust events and those origins almost have not
been considered yet [18-23]. There is no obvi-
ous evident that the source of dust events oc-
curred in central Iran is due to Middle east dust
(MED) or inland deserts.

This study was aimed to evaluate the PM,,
PM, ., and PM, concentrations in Qom from
July 2011 through June 2012. The main targets
of the research were to indicate the main trend
of dust concentrations in Qom ambient air, de-
termining the patterns of annual fluctuation of
dust concentrations, to illustrate the amounts of
PM ratios, to define the statistical properties of
the dust events, and to evaluate the impacts of
meteorological situations on the PM concentra-
tion.

MATERIALS AND METHODS

Study area

Qom is a semi-arid region located in central part
of Iran (34°38'N 50°52'E) beside Kavir desert,
the central and greatest desert of Iran which is
one of the major source of dust events in areas
located in central part of country [21, 22] The city
has a population of 1.1 million and a total surface
area of 185km? Fig.1 illustrates the location of
the city almost in central part of Iran.

The sampling place was located on the roof of
the faculty of Health. The site was at near the
center of urban area. The reason for selection this
sampling place was to represent human exposure
to particulate matter in the area. The station was
installed 12 m above the ground to minimize the
effects of natural features, like trees and hills,
and man-made structures, on PM concentrations.
The location of the sampling station is also deter-
mined in Fig.1.

Time schedule of measurements

Measurements were lasted one year, from July
2011 through June 2012 .The time distance be-
tween two consequent sampling were almost one
week. On all weekly measurements, the amounts
of PM,, PM,, and PM, were determined every
30 min during 24 h period as was mentioned in
other study [17].

Meteorological data

Meteorological data were acquired from Qom
Meteorological Organization. The temperature,
wind direction, wind speed, relative humidity
(RH), Rainfall and Sunshine hours in Qom were
obtained data (gathered from Shokouhieh synop-
tic Meteorological station) that was also acces-
sible in Iranian Meteorological Organization.

Sampling and instruments

A Grimm (model 1.177 aerosol spectrometer
Grimm Aerosol Technik GmbH, Ainring, Ger-
many) was used to measuring the concentrations
of course, fine, and ultrafine particulate matter
which can be represent with abbreviations PM |
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particulate matters (less than 10 um), PM, ; par-
ticulate matters (less than 2.5 um) and PM, par-
ticulate matters (less than 1 um) respectively.
The Grimm monitor is a non-gravimetric, low-
volume sampler, which uses a light scattering
technique to measure the number of particles
in the air. The data was transferred online via
RS-232 connection by the Grimm Windows
Software on a computer for data presentation
or analysis and be exported directly into Excel.
The Grimm samplers operate on the principle
of light scattering and the amount of light scat-
tered from a particle of a given size depends on
its refraction index. Several studies has evalu-
ated the validity of instrument measurements
regarding to correlation between its obtained
data and standard methods based on gravimet-
ric approaches [24, 25]. This instruments were
tested at laboratory by running them in ambient
air before the campaign.

Based on previous studies, Grimm model 1.177
has some benefits than similar real time measure-
ment instruments like TEOM and DMA, such as;
low maintenance needs, reliability during long-
time run period without noticeable survey and
its ability to measuring samples in time intervals
varies from Is to 60 min [26]. The device is con-

Lut Desert
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sists of an optical particle counter (OPC) which
is an instrument rely on real time measurement
designed for particulate matter in the range 1.0 to
10.0 um [17].

Data analysis

AQI values were computed based on PM  and
PM, , concentrations, which were reported daily,
during the study period [27]. The environmental
data and measured concentrations of particulates
(PM,, and PM, ,) were analyzed using SPSS18.5.
All graphs were plotted using Microsoft Excel
2007.

RESULTS AND DISCUSSION

Particulate matter concentrations
The PM,, PM,,, and PM, concentrations were
determined on 65 days from July 2011 through
June 2012, almost according to weekly measure-
ments. The sampling period was continuously
lasted for one year. Tables 1, 2 and 3 depict the
PM,, PM,, and PM, concentrations respective-
ly, during 12 months of the study.

The overall average values of PM, , PM, , and
PM, were calculated 207.3£136.7, 61.8 + 38.1,

and 21.3+ 12.5 mg/m’, respectively. Also, from

Sampling Location: =

Desert: 124
ik

Fig. 1 Location of the study area and sampling place.
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Table 1. Summary statistics of PM, | concentrations (ug/m?).

Month Average Max Min Median SD
Jul 336.4 591.3 166.3 355.5 +174.8
Aug 449.1 664.2 90.8 441.2 +226.2
Sep 465.2 1160.7 227.5 307.7 +392.5
Oct 234.8 417.7 116.9 203.9 +116.7
Nov 2234 742.3 70.5 84.3 +291.7
Dec 172.7 247.2 93.3 174.2 +68.2
Jan 114.4 168.3 93.4 102.5 +31.0
Feb 151.4 240.5 58.4 150.4 +65.6
Mar 39.5 75.4 17.1 26.6 +26.4
Apr 74.1 261.0 17.9 28.6 +104.7
May 81.8 243 .4 35.7 56.9 +65.8
Jun 144.9 256.9 51.6 145.8 +77.3

Overall 207.3 422.4 86.6 173.1 +136.7

Table 2. Summary statistics of PM, | concentrations (ug/m’).

Month Average Max Min Median SD
Jul 109.7 152.5 62.1 123.3 +37.3
Aug 119.5 186.2 24.0 105.1 +66.8
Sep 108.3 242.9 48.1 63.6 +82.1
Oct 53.5 113.4 20.2 46.3 +35.2
Nov 68.8 192.6 29.1 41.2 +69.6
Dec 60.1 91.3 27.8 64.9 +30.0
Jan 47.6 81.0 234 36.5 +24.2
Feb 63.7 111.7 28.5 58.3 +30.9
Mar 17.2 353 4.8 15.7 +12.6
Apr 25.4 73.0 8.7 13.1 +26.9
May 26.9 51.4 14.9 22.9 +14.7
Jun 41.2 84.5 15.8 39.6 +27.2

Overall 61.8 118.0 25.6 52.5 +38.1

Table 3. Summary statistics of PM concentrations (ug/m®).

Month Average Max Min Median SD
Jul 37.1 65.4 19.1 31.2 +19.7
Aug 34.8 70.3 7.7 31.3 +25.2
Sep 39.8 90.8 19.1 26.9 +29.7
Oct 16.7 37.3 7.1 12.8 +12.1

http://japh.tums.ac.ir
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Table 3. Summary statistics of PM concentrations (ug/m’).

Month Average Max Min Median SD
Nov 30.8 68.3 17.3 224 +21.2
Dec 24.6 38.2 11.9 26.3 +11.3
Jan 159 28.3 8.6 12.3 +7.7
Feb 18.2 27.0 8.3 16.4 7.5
Mar 9.3 16.1 2.1 8.1 +6.1
Apr 9.1 13.5 59 7.8 +3.1
May 8.6 10.9 6.4 7.8 +2.0
Jun 11.1 19.6 6.4 9.7 +5.0

Overall 21.3 40.5 10.0 17.7 +12.5

Tables 1, 2 and 3, the overall maximum amounts
of PM , PM, , and PM, were 422.4, 118, and
40.5 mg/m?), respectively.

The PM , maximum concentration which oc-
curred in 13 September 2011 was 1160 pg/m?. As
shown in Table 1 and Fig. 2, during three con-
secutive months, from July through September
2011 which comprise summer season, the aver-
age monthly concentration of PM ; were higher
than 250 ug/m?.

The overall average values and the overall maxi-
mum amounts of PM which were obtained from
the experiment are similar to those found in pre-
vious study (regarding to measurement results of
Afganistan Bagram and Khowst regions) [28].

3

49 465

PM,, Concentration (pg/m?3)
=l NN WW B
888888838

o

Summer

But the average concentrations are less than those
reported in Kuwait and Ahvaz areas in other stud-
ies [16, 17].

Occurring maximum dust events during summer
which was reported in the study are in agreement
with those reported by similar studies. These re-
sults can show that the role of the hot northwest-
erly wind that is dominant during the summer and
transferred large amounts of dust from southern
areas of Iraq. Also, High particle concentrations
presented in this study have been happened dur-
ing the Middle east dust storm [29, 30].

It was found that the concentration of 69.5 g/
m’ for the average PM, . concentration in Ahvaz,
southwestern of Iran [17, 31]. The average PM, |

Time (Season, Month)

Fig. 2. PM,  average monthly concentrations from July 2011 through June 2012 in Qom ambient air, Iran.
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concentration of 61.8 pug/m* was measured in this
study which was comparable with the results of
other studies. According to the results of another
study that was focused on “Asian Dust” in china,
67.6 pg/m’ was recorded for the average PM,
concentration [31]. The acquired average PM,
concentration was obviously higher than the find-
ings of previous study in Tehran during 2007 and
also, the results of PM,  and PM, ; compositions
in California [20, 32].

In comparison with other study that was found
average PM, . concentrations of 216 pg/m’ in De-
cember which was near fourth times more than
our findings in December measurements which
was represented in Table 2 [33].This significant
discrepancy may be due to the effect of anthropo-
genic factors such as vehicles in Meng et al study.

PM ratios

Ratios of PM, /PM, , PM /PM , and PM /PM,
can be illustrated based upon attributed trends
along with the period of study in Qom as depict-
ed in Fig.3. The ratio of PM, /PM, j was ranged
from 0.2 to 0.6.

The average amounts of PM, /PM, ratios dur-
ing the summer, autumn, winter and spring were
0.29, 0.31, 0.41 and 0.37, respectively. As repre-
sents from Fig 3, similar trends can be observed

for PM /PM ; and PM /PM, .. The entire annual
ratios for PM /PM,  and PM /PM, , were 0.15 and
0.38, respectively.

As can be recognized from Fig.3, a slow decrease
was detected from July through October. In spite
of this; a steady increasing trend is noticeable
from October through March. Again, it can be
shown a gradually decrease of PM, /PM ratio
from March through June.

During a study regarding to PM,  and PM, ; Com-
positions in California’s San Joaquin Valley, it
was reported an obvious increase in PM, /PM |
ratio from October through February up to 0.85
and decreasing this ratio down to 0.09 from April
through June [32]. The average ratio of PM, /
PM,, for the entire period of study (entire year
was reported 0.34) that is significantly more than
0.23 which was founded in previous study [17].
It may be due to the PM, /PM ratio determining
only for six months, from April through Septem-
ber, and the ratios attributed to autumn and win-
ter have not been considered. Whereas, in studies
which was worked the entire year and the result
of present study, it can be identified the higher ra-
tios of PM, /PM, jor PM, /TSP [31,34]. Findings
reported in another research in Tehran, represent-
ed PM, /PM ratios 0.37, 0.15 and 0.15 for sum-
mer, autumn and winter, respectively. The results

1.00 1.00
0004 0 eeeeees PM2.5/PM/10 == - PM1/PM10 = = PM1/PM2.5 [ 0.90
0.80 - ) f - 0.80
0.70 1 LI \ L 0.70
5 0.60 - o !, A L 0.60 3
g \ [ : €3 /Y S
2 050 . ! A : PR L 0.50
2 » \ R S l?’ I ' 2
Boaot N ,\ LA TR VAR Viy R B 2\ - 0.40
NS . o \ /e - q & B : _1{ L LAY
030 f 20N, . = XY . 5 IR LA B "5t 030
O LN Y :u/\ -~ 1/ =/ 1% _/
0.20 - \ <\ -7\ ' L 0.20
010 = - ° ! ™ I — TN a ,\\_; L 0.10
0.00 A — . 0.00
A A A A A o o o o e N N NN NN N NN NN N NN NN N NN NN
el el Al Al el Al Al Al Al Al e e e e e e e -
SR N AN O RO NS RS R AN O NS C N e MO N AN PN R e ORI RS R s
O-=—MNOO-NNO—-NO-—MNMNMO—-NNO - MNOO-MNMO—MNNO~-—MNOO-MNMO—MNMNO—~—~MN
N T L T R L T T TP P e ey
Date
Fig.3. Trends in daily average PM, /PM , PM /PM, , and PM /PM,  ratios during the study period in Qom.
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of previous studies support the results obtained
from the present study especially those reported
for summer PM, /PM  ratio. Obtaining higher
ratios of PM, /PM  in studies performed for en-
tire year comparing with those only cover spring
and summer months, probably may be due to the
higher portion of fine fraction of particulate mat-
ters in wintertime (i.e., PM, ,) because of various
sources primarily release finer particles.

Meteorological parameters

As can be implied from Fig. 4, the wind rose of
Qom during this study, represents that the south-
ern (24.5% of consequences) and southeastern
(24% of consequences) winds are the most fre-
quent in this region, although the frequency of
western (17% of consequences) and southwest-
ern (17.5% of consequences) winds were also
significant.

Fig.5 illustrates the PM,  rose of the study area
during the sampling period. As can be inferred
from Fig.5, the impact of southeastern winds on
“dust evens” is noticeable.

The relationship between meteorological param-

Fig.4. Windrose during the study period in Qom

eters and PM concentrations during the study pe-
riod were also investigated. Meteorological pa-
rameters comprise; temperature, relative humid-
ity, wind speed, rainfall and solar exposure (daily
sunshine hours). Table 4 represents the results of
Spearman correlation coefficient analysis for PM
concentrations and meteorological parameters.
Fig.6 has illustrated obviously the trends of daily
average relative humidity RH% and PM concen-
trations (ng/m?) during the study period. Also, the
direct relationship between PM concentrations
(ug/m?) and daily average temperatures (°C) are
apparent in Fig.7.

Various studies have reported the Middle east
dust (MDE) events which are originated from
Kuwait, Arabian Peninsula [35-37] and southern
part of Iraq [4, 38]. It was found that the Middle
east dust MDE is the main source of dust events
in Ahvaz [17].

From Figs.1 and 4, it seems that, because of the
significant consequences of west and southwest
winds, some dust events occurred in Qom dur-
ing the study period may be attributed to Middle
east dust MDE events. But findings illustrated in

Fig.5. PM, rose during the study period in Qom Val-
ues are according to (png/m?).
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Table 4. Results of Spearman correlation coefficient analysis for PM concentrations and

meteorological parameters

PMig PM, 5 PM,
rl Pvalue T Pvalue r Pvalue
ws? 0.018 0.894 0.101 0.451 -0.120 0.369
SE? 0.158 0.235 0.144 0.282 -0.024 0.856
RH* -0.340 0.009 -0.368 0.005 -0.092 0.493
Temperature 0.452 0.000 0.400 0.002 0.216 0.103
Rainfall -0.203 0.126 -0.140 0.295 -0.162 0.225

1. Correlation coefficient, 2. Wind speed, 3. Solar exposure, 4.Relative humidity
250 1200
L 1000

8

150 A

PM, 5,; Conc{ug/m?3), RH(%)
=
8

10
(=]

Time (month)

PM,, Conc (pg/m3)

Fig. 6. Trends of daily average relative humidity (RH%) and PM concentrations (pg/m?) in Qom,
from July 2011 through June 2012
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Fig. 7. Trends of daily average temperatures (°C) and PM concentrations (pg/m?) in Qom,
from July 2011 through June 2012
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Fig.5, also indicated that, the southern and south-
eastern winds have loaded the most portions of
PM,, amounts.

So, it can be inferred that the central desert known
as Kavir which is just located beside the city and
extended from eastern to southeastern parts of
Qom Fig.1. may be the principal origin of dust
events. However, the results are in agreement
with those studies performed in areas located in
marginal parts of Iran central desert [21, 22].

As indicated in Table 4, regarding to PM  con-
centration, only the relationship with relative
humidity (RH% (P=0.009) and temperature (P =
0.00) was significant. Furthermore, the correla-
tion between PM  concentration and RH% was
moderate and indirect (R=-0.340), but the corre-
lation between PM, | concentration and tempera-
ture was reported moderate and direct (R=0.452).
As also can be inferred from Table 4, for PM,
concentration, only the relationship with tem-
perature is significant (P = 0.002), with moder-
ate direct correlation (R = 0.40) which can be
inferred from Fig.8 Finally, according to Spear-
man correlation coefficient analysis, there were
no significant relationships between meteorologi-
cal parameters and PM, concentration that may

represents the impact of man-made factors con-

Jul Aug Sep Oct Nov Dec Jan

tributing to PM, emissions than the natural pa-
rameters [39].

Air quality index (AQI) attributed to PM ,,and PM,

Fig.8 illustrates the AQI values for PM  con-
centrations in Qom which are consist of Daily
reports from July 2011 through June 2012. Fig.
9 represents the AQI values for PM, ; concentra-
tions. For PM_ , the highest AQI value was re-
ported 296.

As shown from Fig.8, from July through Novem-
ber, five days with AQI PM  up to 500 can be
detected that means hazardous impacts on human
health [27].

Fig.9 also depicted that unless 5 successive
months from July through November, in the oth-
er days of study period, from December through
June, (the AQI PM,, values more than 150 un-
healthy for sensitive groups were not occurred).
The index values attributed to PM, ; was gener-
ally lower than those of PM,  but in more days it
ranged between 100 and 150 which is unhealthy
and according to USEPA: “may cause the aggra-
vation of cardiovascular and respiratory diseases,
increase premature mortality in sensitive groups,
and increase hospital admissions for respiratory
diseases in the general population™[27].

2.5°

r 500
- 450
- 400
- 350
- 300
- 250
- 200
- 150

100
50

Feb Mar Apr May Jun

Fig. 8. AQI values for PM,  concentrations in Qom; Daily reports from July 2011 through June 2012
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Juu Aug Sep Oct Nov Dec Jan

r 300

250

200

150

100

50

Feb

Mar Apr May Jun

Fig.9. AQI values for PM, ; concentrations in Qom; Daily reports from July 2011 through June 2012.

CONCLUSIONS

The central desert of Iran, known as Kavir, which
has been located beside Qom and extended from
eastern to southeastern parts of the city, probably
have more impact on dust events than Middle
east dust (MED) events. High concentration of
particulate matter may cause the aggravation of
cardiovascular and respiratory diseases, increase
premature mortality in sensitive groups, and in-
crease hospital admissions for respiratory dis-
eases in the general population. The study, also
represents the importance of governmental co-
ordination between provinces engaged with dust
events regarding to side effects reduction in mid-
term and long term scheduled process.
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