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Fig. 1- Location of the study area
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Table 1. Names and Specifications of air pollution stations in Isfahan

Height above sea level (meters) Longitude Latitude Station name
1595 05139.630E 3237.327N Azadi
1536 05142.082E 3239.857N Ahmad abad
1580 05133.0320E 3244.863N Bakhteyardasht
1565 05141.734E 3238.434N Bozorghmehr
1556 05142.491E 3241.633N Laleh
1593 5138.149 3227.426N Keshavarz
1550 05141.134E 3238.802N khajoo
1547 05140.962E 3228.484N Ostandari
1528 05143.048E 3240.084N Valiasr
1584 05138.800E 3239.462N Kharazi

Table 2. Names and specifications of the meteorological stations in Isfahan

Height above sea level (meters) Latitude Longitude Station name
1551 N.32° 44 E51° 51 Shargh isfahan
1545 N.32° 31" E51° 51 Kabootar abad
1550 N.32° 31 E.51° 51" Markazi
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Fig. 2- Location of air pollution stations in the study area
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Table 3. Trends of the concentration of air pollutants

Js PM2s PMjo CO NO NO: NOx SO,
Year ppm ppm ppm ppb ppb ppb ppb
1387 105 143 6.21 79.22 37.69 108.15 23.93
1390 80 117 6.17 70.60 48.30 119.1 34.46
1394 20 85 5.70 13.25 49.50 120.00 61.00
rend -12.30 -8.27 -0.07 -9.24 +1.61 +1.61 +5.37

R?=0.9773 R?=0.999 R?=0.868 R?=0.778 R?=0.758 R?=0.735 R?=0.778

* R2: s s
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Table 4. Trend of meteorological parameters

Ju L ok SIS oy e
Year Temperature (°C) Precipitation (mm) Relative humidity (%) Wind speed(m/s)
1387 17.20 144.47 32 1.39
1390 17.31 149.82 34 1.63
1394 17.37 150.83 32 2.96
Trend 0.02 0.97 0.19 0.03
R?=0.9386 R?=0.8048 R?=0.6917 R?=0.0068
395 @ 50 9,095 dlaai 5 faio glaaxly 5 ye; 55 Sy, -0 Jgor
Table S. Trend of land use type and industrial units and number of vehicles per day
Year 2008 2011 2015 Trend
land use
Residential (hectares) 3071.2710 8300.9909 13463.2894 ;12173 gggg
. +113.3142
Educational (hectare) 113.3142 143.7881 176.7344 R%= 0.9964
- +9.0155
Commercial (hectares) 102.2484 103.9661 579.8290 R2= 08200
. +611.98
Service centers (hectares) 329.482 1238.7589 4437.9564 2
R*=0.9567
-180.41
Green space (hectares) 1609.5800 264.3735 273.5901 R2= 06701
. -155.76
Agricultural land (hectares) 291.5786 237.4535 181.8765 R2= 0.9944
. -9.76.27
Industrial (hectares) 405.0808 300.7986 329.9241 R2= 0 4060
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Table 5. Cont. Trend of land use type and industrial units and number of vehicles per day

Ia:gaurse 2008 2ou 201 Trend
Transportation (hectares) 33.7592 95.5721 106.0064 R;jg?;g3234
Industrial unit (number) 1851 3000 3196 R:=1£2)47[;144
Vehicle (number per day) 12575 13566 14877 sz’f%goo
O 9 (r =+1) NO; P) NOx OB O M ul.... 6|5_fa LSLMJ;%Y'I O M )’l J..ab @L..;
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Table 6. Correlation between concentration of air pollutants (2-tailed Pearson correlation)

Pollutant NO NO2 NOx SO2 CO PMio PMa2s
NO 1
NO, -0.927 1
NOx -0.916 1.000* 1
SO, -0.957 0.780 764 1
Cco 0.878 0.634- -.613 -.978 1
PMo 0.994 0.882- -0.869 -0.983 0.924 1
PM_5 0.961 -0.787 -0.771 -1.000** 0.976 0.985 1
Gl Yo gime o[ D mlaw j8 (Siwon #
ol Jlogine o/ Y s )0 (Siran 48
osbs (s (y30ms 5 (sloJbo 4D Y Jyor
Table 7. Summary of simple linear regression models
Dependent Predictor Confidence The coefficient of
variable variable p value level determination(R?) Model
NO, NOx 0.01 99% 0.999 [NO,] = - 6.966+[NOx]
SO, PM;s 0.01 99% 1- [SO,]= 69.7 + [PMy5 ]
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Table 8. Summary of Simple linear regression models

Air . -
. . Confidence Coefficient of . . .
pollution Predictor p value L 2 Simple linear regression models
meter level determination(R?)
NO Size O;rzh:[f‘g”r‘i:]t”t“ra' 0.05 95% 0.997 [NO] = 36.540+ 0.146[Agri]
NO Size ‘;fr;ge[;e;'%e”“a' 0.05 95% 0.978 [NO] = 83.747- 0.020[Resi]
NO, N“m'[’fnr dozc:zgf]s”'es 0.05 95% 0.998 [NO,] = 21.190+0.009 [Ind.count]
Size of the transport area _
NO, [Transp] 0.05 95% 0.998 [NO,] = 32.117+0.166 [Transp]
NO, or eﬁ%‘f{:ﬁg:?g‘e‘fc'lp] 0.05 95% 0.997 [NO;] = — 236.560+1.8990 [Percip]
NOx Eth’r‘gao‘Eltnhdec'Egﬁf]t”a' 0.05 95% 0.995 [NOx] = 91.436+0.009 [Ind.cuont]
Size of the transport area _
NOy [Transp] 0.05 95% 0.995 [NOx] = 102.523+0.169[Transp]
NOy EXpa”S'FG”rgfsgr;:f” space 405 95% 0.990 [NOy] =-121.853- 0.009[Gre.Spa]
S0 Extent of urban service 0.05 95% 0.999 [SO,] = 21.148+0.080
2 centers [U.ser.center] ' 0 ' [U.ser.center]
co A"esz)aegeeda[:‘;i‘éa;c‘i’]”'”d 0.05 95% 0.995 [CO] = 6.693 — 0.334[wid.sd]
PMio Size O;rzh:[f‘;r‘i:f”“ra' 0.05 95% 0.997 [PMyo] = - 10.337+ 0.529[Agri]
PMio Size ‘;fr;ge[;ees;%e”“a' 0.05 950 0.996 [PMio] =167.193- 0.006 [Resi]
PM Number of cars per day 0.05 95% 1.000 [PMyo] = 458.925 - 0.025 [Vel.
10 [Vel. count] : : count]
PMas Extent of urban service 0.05 95% 0.999 [PM,5] = 110.952- 0.019

centers [U.ser.center]

[U.ser.center]
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Table 9. Summary of stepwise regression models

Air pollution meter Model R? Significance level P value
NO [NO] = 83.747 — 0.002 [Resi] 1.0000 0.027 0.05
NO, [NO,] =32.117 + 0.166 [Transp] 0.9990 0.026 0.05
NOx [NOx] =102.52 + 0.169 [Transp] 0.9950 0.043 0.05
SO, [SO,] = 69.676 — 0.437 PM,5 1.0000 0.007 0.01
co [CO] = 6.693 — 0.334 [wid.sd] 0.9950 0.046 0.05
PMo [PMy] = 458.925 — 0.025 [Vel. count] 1.0000 0.013 0.05
PM;s [PM2.5] 159.33 — 2.287 SO, 1.0000 0.007 0.01
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Introduction: Rapid and uncontrolled expansion of cities, increased traffic, industrial enterprises and low-
quality fuels, as well as urban morphology parameters and climatic conditions are among the factors affecting
air pollution in urban areas. In Iran, the metropolis of Isfahan, which is the third largest urban area in the
country, has an increased air pollution due to the extensive development of industrial enterprises, and
population and urban growth. Therefore, in order to find the factors affecting the trend of air quality changes,
trend analysis and evaluation of the relationship between land use parameters, industrial development and
traffic situation with air pollution indicators were studied.

Material and methods: In order to evaluate the trend using measured periodic data and simple correlation and
regression methods of seven air pollutants including PMz s, PM1g, CO, SO,, NO, NO, and NOx as dependent
variables and meteorological parameters, type of land use, industry development and vehicles were analyzed
as independent variables. Also, SPSS software was used to test the normal distribution of data sets including
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the concentration of air pollutants and meteorology from 1387 to 1394, in 10 air pollution measuring stations
and three meteorological stations in Isfahan metropolis.

Results and discussion: The results of the study show that the average annual concentration of PM (PMyg /
PM2s), NO and CO decreased and the average annual concentration of SO,, NO, and NOx increased. In
addition, the average annual rainfall, temperature and wind speed increased while the trend of relative humidity
in the study area did not change significantly. It was also found that the trend of residential, educational,
commercial, public services, transportation and the number of industrial units and vehicles have increased
significantly. However, the amount of agricultural land, green space and industrial areas has significantly
decreased in the study area. The results of stepwise regression analysis showed that changing the use of
agricultural land to residential areas and increasing wind speed may have caused the decreasing trend of NO,
CO, and suspended particles in the study area. In addition, the increasing trend of transportation can be the
most important reason for the increase in NO, concentration. On the other hand, due to the increasing trend of
NOx emissions and significant negative correlation with green space and positive correlation with
transportation and industrial areas and the result of stepwise regression model, it can be concluded that reducing
green space and an increase of 99.5% in the area of transportation use increases the NOx concentration in the
study area. In addition, the size of utility centers increases the concentration of SO, and there is a negative
relationship between the concentration of PM,s and SO, (as the concentration of SO, increases, the
concentration of PMys increases).

Conclusion: It is noteworthy that the relationship between air quality indicators as dependent variables with
independent variables in urban areas is complex and it is not clear which specific factor or parameter is the
most important scenario of air pollution in an urban context. Therefore, more detailed research is needed.

Keywords: Air pollutant, Meteorological parameters, Isfahan.
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