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Extended Abstract

Introduction: Paying attention to the impact of pollutants on human health is of particular importance. Air pollution is now
one of the significant environmental and economic problems globally, and this crisis is more severe in large industrial cities.
Air pollution has caused a sharp increase in various respiratory and skin diseases, congenital disabilities, physical weakness,
and many other diseases. On the other hand, the costs to eliminate these pollutions are remarkable (Rouhi & Khezri, 2014).
Finding the optimal emission limits has always been a challenging issue for economic planners and city managers for two
reasons. First, there is a desire for the economic development of each city (and the country at higher levels). Second, the strength
and resilience of the city towards the absorption of the pollutants is a limiting factor. Not paying attention to this principle and
imposing more pollutants than the ability to absorb and purify the ecosystem cause severe air pollution with harmful effects on
humans and the environment (Ghodsi Ma’ab, 2016). Considering that Arak city has been introduced as one of the most polluted
cities in the world according to the statistics of the World Health Organization, especially in terms of particulate matter (Rezaei
Vandchali et al., 2017), studies on the effects of air pollution on social resilience of this city can be useful for proper city
management and community health.

Materials and Methods: The city of Arak is the capital of the Markazi province and is located in the southwest of Tehran
province, at a distance of 288 km. Arak covers an area of 98.7178 km?, 4.24% of the total area of the province. The city of
Arak is located on the orbit of 34° and 5’ and 30" in the northern hemisphere of the equator and on the meridian 49° and 41’
and 30" east longitude of the Greenwich meridian. The plateau of Arak has an area of 5400 km?, of which 2400 km? includes
the high plain of Arak, and the rest is the heights around Arak. This study aimed to investigate the effects of air pollution on
the social resilience of residents in Arak in 2019. The method of research was descriptive in a causal-comparative form, using
a questionnaire. The population included all Arak residents and 283 volunteer respondents (153 females and 125 males) filled
in the questionnaire which was done by voluntary sampling method. The social resilience questionnaire included 50 questions
representing 50 research variables in eleven aspects: social solidarity, awareness, resource diversity, flexibility, security, trust,
communication, participation, social support, social solidarity, and air pollution (Table 3). The validity of the questionnaire
was investigated by the experts in the field and was confirmed after reviewing the proposed amendments. Moreover, the
reliability of the questionnaire was evaluated by calculating the Cronbach’s alpha method, and its value was 0.78. Therefore,
the social resilience questionnaire could be implemented in the population. The questionnaire also gathered the respondents’
demographic information, including age, gender, residence history, education level, ownership status, and occupation.
Results and Discussion: Three hypotheses were proposed to investigate the effects of air pollution on the social resilience
of citizens in various regions of Arak. To investigate the hypotheses, using the data of Environment Organization of Markazi
Province, air quality indicators in 2019 were received from three active stations of Ostandari, Shariati, and Horiba. Three
indicators of CO, NO2, and PM2s were selected as air quality indicators based on most of the daily data reported during the
year. After selecting the social resilience variables and evaluating the questionnaire’s validity and reliability, first, three regions
related to three active stations, and for comparison, three more regions in the study area, namely, Hepco, Mokhaberat, and
Aqil-Abad, were considered during the investigations. The copies of the prepared questionnaire were distributed among the
regions’ residents who volunteered to respond to the questions. It can be said that only the third hypothesis that there is a
significant difference between the effect of air pollution indicators (CO, NO2 and PMzs) on social resilience of residents in
various regions of Arak was confirmed, which was in line with the results of Suarez et al. (2016), Johnson Jr (2004), Pluhar et
al. (2009), Ghorbani et al. (2017) and Mehranpour & Ebrahimi Ghavamabadi. (2016). In explaining the result of the third
hypothesis, we can refer to the living conditions of the citizens. As an industrial center of the country with a large number of
factories and urban traffic, especially with outdated vehicles that have increased pollutants, Arak has faced warning conditions
due to increasing pollutants with impacts on climate change, environment, and human health.
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Figure 2- Conceptual workflow model used in this study
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Table 1- Geographical location of the studied stations

ol o UTM) oLl yior cuxdgo
Station name Geographical Location (UTM)
X Y
Provincial 3828292 37742160
Government
Less® 3858247 37702916
Hooriba
e 3778989 37715670
Shariati
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Table 2- Criteria for evaluating air pollution indicators

o b L
gs“'“““‘ ) B 0 CS““‘" CcO (opm) NO2 (ppb) PMZ.S(ug.m_s)
Levels related to health
it 0-44 0-53 0-53
Good
g 45-94 54— 100 54— 100
Medium
ol slrog 5 (sl WLl 95124 101 — 360 101 — 360
Unhealthy for sensitive groups
Ll 125154 361 — 640 361 0 64
Unhealthy
el o> 155 — 304 641 — 1240 641 — 1240
Very unhealthy
SU ks 305504 1241 — 2040 1241 — 2040
Dangerous
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Table 3- Summary of social resilience criteria
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(Shaw et al., 2014)
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Table 4- Criteria for assessing social resilience

b Assessment Ol
Level
w2l b Very Low 42-66
owb Low 67-91
b gio Medium 92-115
N0 High 116-140
YU Lo Very High 140 | iy
o295 Jgl 4ns )8 (0> 01+ 0) ouds astine (5,0 Sxe owdg sbadl
lga Sogll sla asls i o s 1995 soi ool CO) lga Sogll slo sl ol com 1ol ars,
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Table 5- Regression model summary

Area il R ) o0 pudiss 1 00 3391 31 ylire Bl yzl
Adjusted r Estimated standard deviation
Shariati T 0843 0710 0493 14558
Hooriba Ly s 0.344 0118 0042 23670
Provincial (o _
Government & Il 0321 0.103 0.065 21523
p<0.05
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Table 6- ANOVA table to evaluate the significance of the regression model

il ©lygdze & goxo oI5l 4y Mz:;}:fgj::es Foseil  @olosine b
Area Sum of Squares (SS) df (MS) F test P Value
2077758 3 692586 3268 0141
e 827.742 4 211936 — —
Shariati 2025500 7 - — —
2624215 3 874738 1561 0216
Lﬁ.)s_-" 19609530 35 560272 —
Hooriba 22233740 38 - - -
849,646 3 283215 0611 0617
It 7412104 16 463256 -

Provincial Government 8261 750 19 . . -

p<0.05
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Table 7- Table of coefficients

st 3 kil ol p o0 liliw! o

. .. Standardized
il Not standardized coefficients coefficients t asﬁjT C|""‘"
Area Sxo Gl il gllas G tTest S0
B N L ? P value
Criterion deviation
error ﬁ
el 164,854 32222 - 5116 0007
. Constant
Sy co 5575 3161 0488 1764 0.152
Shariati NO; 2822 1384 -0686 -2039 0111
PMas ~1153 2250 -0173 -0512 0635
i 82249 27985 — 2-939 0006
Constant
Lu g co 2714 2558 0.169 1.061 0.296
Hooriba NO 0.009 0825 0.002 0011 0.991
PMas 0.142 0079 0285 1792 0.082
el 95320 18717 . 5093 0,001
sl Constant
Provincial co _4524 3056 -0286 -1.480 0.151
Government NO2 0.337 1095 0077 0.308 0.762
PMas 0215 0260 0213 0826 0.421
P<0.05
GRo% pg and B plpln 000 Sezg (gl Sxe 2 Oligd eloixl ()glob (o ipge 4o
Gl Sl olel 5 g Sebia awb D5 S92 g (65 sire gl STl o Al 3blie
ol Olies coiRed 3y5e sblis ales o (x=103.45) o rSile o Vs A A Johazr glaosls il
wilge bagie gl 1 55l gl S s bl o plsd gl
STl ey Az Gblo (5591 b ¢line ol 2 BodIS Chnogi —A Jouir
Table 8- Description of data based on the resilience of multiple areas of Arak city
ailkio elee slzo Byl oeSSlee
Area Average Criterion deviation Average
SRS 104.03 22087 104.03
Shariati
Loyen 10441 23462 10441
Hooriba
St 100.14 20100 100.14
Provincial Government
S5 107.10 20225 107.10
Hepco
e 10142 16524 10142
Mokhaberat
Sbldeie 10475 21284 10475
Aqil Abad
& 10345 21242 10345

Total
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Table 9- Effects between subjects on the variable of resilience

€ by yo (uSiloo
T Q g T . £
& CAJPRE ol azyo " ”of s“ ’ Fogsl b ghw Gl
ean or squares
Source sum of Df (MS) F test P value Eta effect
Squares (SS)
oo 3ol Juro 1340.15 5 265032 0590 0.705 0011
Modified model
e 2659853 1 2659853 5851.982 0001 0955
Intercept
. 1340.150 5 268.032 0590 0.708 0011
Aria
> 1259025 277 454522
Error
S 3157878 283 -— — —
Total
oxd el I 1272427 282
Modified total
p<0.05
STyl e Gblio 50 (59T b Az dummlio —Ve Jguzr
Table 10- Multiple comparison of resilience in Arak city areas
ailiie Al GT':;W eSSl Jome Bl ol llas I ine gl
(1) Area J) Area 1€ average Criterion deviation error P value
difference
Loy 038 4297 1.000
Hooriba
&bl 389 4549 0956
Provincial Government
e ? S 307 5304 0992
Shariati Hepco
ol 061 5258 0.996
Mokhaberat
oLl Jaie 073 4805 1.000
Aqil Abad
R 038 4297 1.000
Shariati
& ollewl 427 3630 0847
Provincial Government
Lesgn $52 269 4542 0991
Hooriba Hepco
<l 299 4466 0.985
Mokhaberat
oLl Jaie 035 3947 1.000
Aqil Abad
i~ SR -3.89 4549 0956
P‘S"“‘_"“‘_"'I Shariati
rovincia.
Government Loyee _4.27 3630 0847

Hooriba
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Table 10- Continued
$542 6.96 4781 0692
Hepco
oyl 128 4729 1.000
Mokhaberat
Sl deie 462 4220 0883
Aqil Abad
e 307 5304 0992
Shariati
Lojye2 269 4548 0991
Hooriba
$2 &olbewl 6.95 4781 0692
Hepco Provincial Government
e 568 5460 0.904
Mokhaberat
bl deie 234 5025 0997
Aqil Abad
s 261 5258 0996
Shariati
Lesge 299 4488 0985
Hooriba
ol e ol 125 4729 1.000
Mokhaberat Provincial Government
$2 568 5460 0.904
Hepco
sbldeie 334 4976 0.985
Aqil Abad
e 073 4805 1.000
Shariati
Lesge 035 3947 1.000
Hooriba
Sl Jeie ol 462 4220 0883
Agil Abad Provincial Government
$52 234 5025 0997
Hepco
©lple 334 4975 0.985
Mokhaberat
p <0.05

s bl Glaigs bzl 55l 5 (PMas
)...,L, Sobs & S5l de>g Lg)lo‘_gs.u Sl ST
03 glite elaizl 5y5l0li » 35b sloasls
Jalge 51 S p olae 4 ooV asls g cul
o 1y tloizl (6551l e AT o 45 aiin

VT It ).ul.s EIPEIN

o Sogll slagasls ;b (o spgw aniyd

Slg,es eleizl 6,510l 5 (PMzs 3 NO; CO)
3,18 S92y (6,15 sime Dol ST e aslfaus 3blis
oobol 2 s VE S AT Y DY Jolas sleesls gllas
2390 g0 Al poms 453 (6 uitie 2z (il ly Juloxs
5 NO2 CO) lga Fogll sloasls 136 o oim
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Table 11- Descriptive indicators in terms of air pollution in three stations

ol | oeSSlee sbe Sl il Slasy
Station Mean Criterion deviation Number
&l 3.9600 237733 249
Provincial Government
S 19413 075119 191
cO Shariati
Lojye2 11581 050072 281
Hooriba
Js(total) 23401 192631 721
Sl 26,8543 1315706 249
Provincial Government
s 162917 819105 191
NO2 Shariati
Lojyon 21.7461 654285 281
Hooriba
Js 225951 10.26874 721
Sl 39.2010 6690079 249
Provincial Government
e 258806 1435030 191
PM2s Shariati
Lesse 179523 1500932 281
Hooriba
Js 27.6558 4203083 721

Wog ) (s gl w1 (532 (5 o iz 0ylo s VY Jgur
Table 12- Results of multivariate statistics to examine the differences between groups

. . ) - RS _ o
Pl Hlade s goljl az o o F ogo3l  syle S0 glow G151
Effect Level df o 250 F test P Value Etta Effect
Assumed df
ke 1 0875 716 3 1676.30 0001 0875
Pilay effect
3
ol g gl 0.125 716 1676.30 0001 0875
) Lambda Wilkes
Coefficient Salis Sl 7024 716 1676.30 0001 0875
Hotelling's Trace
69 &) PSHR 7004 716 1676.30 0.001 0875
Roy’s Largest Root
2y S 0466 1434 6 72522 0001 0233
Pilay effect
oSs gl 55y 1432 6 82107 0001 0256
NET Lambda Wilkes
Station Sabis Sl 1772 1430 6 91.965 0001 0278
Hotelling's Trace
G934y AR 9724 717 3 172999 0001 0420

Roy’s Largest Root
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Table 13- Results of univariate statistics to examine the differences in the dependent variable

. oy e E3es N T
ol df F o)l X
S The dependent Slrg po Slag po e Etta
ource : F test
variable (1) SS MS Pvalue  Effect
osd g3l e co 109265 2 546326 248419 0001 0409
Modified NO; 8256.82 2 4128409 43807 0001 0.109
model PM2s 597629 2 2988146 17699 0001 0.047
co 3912259 1 3912259 1778937 0001 0712
ey NO» 3492906 1 3492906 3706354 0001 0838
Coefficient PMa2s 5512472 1 5512472 326515 0001 0313
co 1092651 2 546326 248419 0001 0409
ol NO» 8256819 2 4128409 43807 0001 0109
Station PMozs 5076292 2 2088146 17699 0001 0047
co 1579034 718 2199
Uas- NO» 6766506 718 94241 - - -
Error
PM2s 1212183 718 1688277 - - -
co 6620014 721 — - - -
g NO2 4440208 721 -
Total
PM2s 1823397 721 —
o ol JS co 2671685 720 -
Total NO: 7592188 720 — - - -
modified PM2s 1271946 720 — — — —
S P o 5905] @l I Jgax
Table 14- Results of Tukey post hoc test
‘ oSl G ,
M‘Q D e ol |(|) olEx |(J) Lm_’glu }Lﬁ.&a d‘).?." | )
The de_per:dent Station (1) Station (J) Mean Criterion &P
variable i deviation P Value
differences
error
" e 20388 014264 0001
C Shariati
Provincial L
Government = )9® 28220 0.14264 0.001
Hooriba
@l 20388 012907 0001
co Ry Provincial Government
Shariati Lo o2 0.7832 0.13907 0.001
Hooriba
&bl 28220 012907 0001
Loy Provincial Government
Hooriba s 07832 013907 0001
Shariati
" SR 85626 093375 0.001
NO2 Sl Shariati
Provincial L
Government 398 51082 0.84490 0001

Hooriba
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Table 14- Continued
&l -85626 093375 0001
R Provincial Government
Shariati besgs _34544 091038 0.001
Hooriba
Slaibu! 34544 0.84490 0,001
Luye2 Provincial Government
Hooriba R 34544 091038 0.001
Shariati
e xS 12.3204 395214 0.005
6""‘_‘“’_" Shariati
Provincial w
Government = )9® 21.2487 357608 0001
Hooriba
st 123204 395214 0005
PMas As“"’)'“‘ Provincial Government
Shariati Lass 89283 385321 0.054
Hooriba
Slaibu! 212487 357608 0001
Loy Provincial Government
Hooriba SR 89283 385321 0.054
Shariati
u».bs}.t swb.wm o> Oledbl -0 Jg«-\e
Table 15- Demographic information of the research
- o I sxoxi  Gilgl )8
09,5 ol Sl9lyd we o = e
group Abundance Frequency The cumulative
frequency
16-19 25 8.90 8.90
o 20-39 171 60.86 69.80
Age 40-59 73 2594 95.70
60-80 12 430 100.0
s 281 1000 .
Total
Ry 153 550 55
o Female
Sex e 125 450 100
Male
s 278 100.0 .
Total
Juo - U 92 33.70 33.70
Up to 10 years
. Juo ¥e Gy 100 36563 7030
CdgSw to 20 years 10
Duration TR N
of Juo Fe UY 65 2381 9410
. to 40 years 20
residence o
Juo B 5l e 16 586 1000
More than 40 years
s 273 100.0 .
Total
S Slyst 4 144 14
Education llliterate
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Table 15- Continued
2025 68 2437 258
High school
ke 108 38.76 645
Diploma
YL g il 99 3548 1000
Bachelor's degree and higher
o 279 1000
Total
S 198 7122 712
The owner
ST ol o) 74 2662 978
Mortgage or rent
Type of COPRCS VRN
ownership MR 1 0.35 982
Against service
ol 5 181 1000
Free
g 278 1000
Total
H93 44 1600 160
Governmental
oy 15 545 215
Personal
Jid g9 ol 114 4145 629
Job Type Freelance
L 86 3127 942
Unemployed
Sl 50 ygu 16 582 100.0
No income
& 275 1000 —
Total
R 35 1240 124
Shariati
Lesg 83 29.32 417
Hooriba
CigSw Provincial Government
Residence P 30 1060 731
area Hepco
Ol o 31 1095 841
Mokhaberat
ol Jude 45 15.90 1000
Aqil Abad
g 283 100.0 -
Total
auo,8 dw daly ol o aS wl asl, S el O

e Jol 4,8 bl 5 ash L gllae 5 0l 7 5kas
NO; CO) Isa Sagll slaasls yliae o a5 o)

duolio a4 yidgh cpl j0 b cvnlie a5 b les
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Azl oyl pnd j0 a8 0,00 cillas (Y- - V) Shokri
20 Ol elaizl (65510b plie yo gl poe
pas & glgiee ol ST el Glie gblie
A Sy o508 dlie BB 5 60l (S5
o 9 B ERgT ple 50 S0 sl e DS L ST
91l SISl 5 0akiS s Julge cnl 2 ogdle
dged 0,L8l Jol> fagh Glaiged 5o eleiz]

o9l o (gatiine bLS) S 4 izen
ooy S sln oot (mjlaze Ll il g celoia]
4 iy Slaelpel gl a5 (xelsz b g elon]
5 ol Syrs wiien esilame 5 e aibio
3550 Gblis plas ) (slozzl )Tl (e &5 >
odd (515 Jawgle gl ;5 5 o8 4 Soo3 tesh
el

S il 58 s 85l i s a2
elozzl 5,510l s (PMa2s s NO2 (CO) lsa ST
SIS sime Dl Sl ot sl sblis olais e
liios bt b ass opl a5 as agli o)ls 04
oo g Pluhar «(Y-\#) o Kea 4 Suarez
s (Y\V) e 4 Ghorbani  «(Y--9)
(2016) Ebrahimi Ghavamabadi 4 Mehranpour
@ Ol op Py 4D )8 Al (e )0 LBl Cillas
ST e el oLl g ,es S Ll
s Ll 5 ol olad b a8 ceio oibib olsiea
S )l 00, sl slagmdle ohgar (s b S5 S92
Lyl sl s odle slonss baoay¥T iul33l o ge
o SISl ooV Hlie olidl Lo 4 lais
o ol a3l JLis 4y oo |y kS slags Lans wiibe
5 o8l Sllugs wais S 5o el (izes
el o jdae &l 30

(sl 0392 g 5 dden (S VT i o> Ll
o e ;0 (golail g (o drugs 4 aline (S0 1)
WAEre (S g Wlodgs JLodl e ol 101580
oan ¥l Cds 10 b ;8 eS| (5510l 9 & jud
oo VT x5 Lol oy oo 008 sg0me Jale 5

g dib piawsST dal g i le 5l s

09.?-5 Lg)‘\bsi_xo QSLQ.? J‘)‘ ).Qru dLL.A )b (PM2_5 9
0‘9560 And 8 cpl Aol s 0 aS als ..\...,L; TN
S97y Ladz 5 b (SopS ke g0 @
aals o )Lal 15 )5 sla s 53 st (sbaolKi]

o sire Dgldl 929 g (Se pgd And B uimed
alfais gble )0 Glagued bl 6ylolb o
ﬁxswcﬁlw)odm%ﬁ}?}‘Jl)lﬁz
bl o Hlaig s eloizl )50l Gl yo oglis
9 S (S5 pas 4y Gl oo il jo STl 0l
Sl s M b STl 0l oy (055 aslie LB
su.J‘ » os)Lc Lol 509,0.3 4?94 walbjj.s J..:.Lw 59 )fa"é
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Lylos 4y lgd oo o2 aomid ol ud jo a5 e
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ST Tsn (Sogl o msls oliee w450y
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