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Table S1-1 Contribution of OC and EC (%) to PM mass in SEA countries 

Country Season Site PM size OC EC TC OC/EC Ref 

Thailand         

Phimai dry Rural PM10 28.8 6.1 34.9 4.8 (Li et al., 2013) 

Bangkok dry traffic PM2.5   55.8  
(Chuersuwan et al., 2008) 

 dry traffic PM10   42.7  

Chiang Mai haze Rural PM2.5 40.5 6.0 46.5 6.7 
(Pani et al., 2019) 

 haze Urban PM2.5 41.2 8.4 49.7 4.9 

Chiang Mai LBB urban PM2.5 40.2 7.7 47.9 5.2 

(Pani et al., 2018) 
 MBB urban PM2.5 31.4 5.9 37.3 5.3 

 HBB urban PM2.5 26.5 4.9 31.4 5.4 

 EBB urban PM2.5 32.3 6.0 38.3 5.4 

Chiang Mai haze urban PM2.5 36.7 4.4 41.1 8.3 (Thepnuan et al., 2019) 

Chiang Mai haze rural PM2.5 40.9 7.3 48.2 5.6 (Chuang et al., 2013) 

Phuket annual suburban PM2.5 7.2 1.5 8.7 4.8 (Choochuay et al., 2020) 

Vietnam         

Hanoi wet traffic PM2.5 30.6 8.9 39.6 3.4 

(Thuy et al., 2018) 

 dry traffic PM2.5 37.4 10.1 47.5 3.7 

 wet mixed PM2.5 40.2 9.7 49.9 4.2 

 dry mixed PM2.5 31.5 8.1 39.6 3.9 

 wet traffic PM10 36.6 10.1 46.6 3.6 

 dry traffic PM10 73.3 18.3 91.6 4.0 

 wet mixed PM10 42.2 8.8 51.0 4.8 

 dry mixed PM10 29.2 7.1 36.2 4.1 

Tamdao wet rural PM2.5  8.8   
(Co et al., 2014) 

 dry rural PM2.5  8.0   

Hanoi dry urban PM2.5 19.2 6.2 25.4 3.1 
(Hai and Kim Oanh, 2013)  dry urban PM10-

2.5 
7.2 1.7 9.0 4.2 

Hanoi annual suburban PM2.5  8.1   (Cohen et al., 2010) 

Mong Duong wet Industrial PM2.5 9.4 5.7 15.1 1.7 

(Hang and Kim Oanh, 2014) 
 dry rural PM2.5 19.0 3.7 22.7 5.2 

Cam Hai wet rural PM2.5 10.7 3.0 13.7 3.6 

 dry rural PM2.5 20.9 2.5 23.4 8.5 

Sonla BBSC rural PM2.5 35.2 5.1 40.3 7.0 

(Lee et al., 2016)  BBIC rural PM2.5 46.5 7.5 54.0 6.2 

 BBSS rural PM2.5 38.9 6.1 45.0 6.4 

Malaysia         

Kuala Lumpur haze suburban PM2.5 25.3 8.3 33.6 3.1 (Khan et al., 2016) 

Kuala Lumpur annual urban PM2.5  15.8   
(Rahman et al., 2011) 

 annual urban PM10  2.6   

Selangor, 
Malaysia 

haze urban PM2.5 24.0 9.2 33.3 2.6 
(Fujii et al., 2016) 

Singapore         

Singapore non urban PM2.5 16.9 8.2 25.1 2.1 

(Tham et al., 2019)  haze urban PM2.5 20.1 4.4 24.5 4.6 

 episodic urban PM2.5 46.3 3.0 49.4 15.4 

Singapore haze urban PM2.5 52.1 11.2 63.3 4.7 (Hapsari Budisulistiorini et al., 2018) 

Singapore haze urban PM2.5 19.7 7.1 26.8 2.8 
(See et al., 2006) 

 non urban PM2.5 17.7 9.1 26.8 1.9 

Indonesia         

Serpong Aug – Nov 
2008 

Industrial PM2.5  17.2   

(Santoso et al., 2011) 

  Residential PM2.5  12.9   

Avg SEA 30.7 7.5 38.3 4.9  

  



Table S1-2 Contribution of OC and EC (%) to PM mass in other countries 

Country  Season Site PM size OC EC TC OC/EC Ref 

China         

Beijing haze urban PM2.5 14.2 3.4 17.6 4.2 
(Zhang et al., 2016) 

 non-haze urban PM2.5 24.6 7.4 32.0 3.3 

Beijing haze urban PM2.5 10.1 2.3 12.4 4.4 

(Shen et al., 2017) 
 haze urban PM2.5 12.1 3.7 15.7 3.3 

 haze urban PM2.5 10.1 4.0 14.1 2.5 

 non-haze urban PM2.5 17.7 4.3 22.0 4.1 

Beijing heavy-polluted urban PM2.5 15.8 4.3 20.1 3.7 
(Tao et al., 2015) 

 clean urban PM2.5 25.0 6.4 31.4 3.9 

Beijing haze urban PM2.5 18.6 2.4 21.0 7.6 

(Ho et al., 2016) 
Xi”an haze urban  PM2.5 17.5 3.3 20.8 5.4 

Xiamen haze urban PM2.5 20.0 7.0 27.0 2.9 

Hong Kong haze urban PM2.5 16.5 9.8 26.3 1.7 

Beijing annual urban PM2.5 14.9 4.4 19.3 3.4 (Ji et al., 2016) 

Brijing haze urban PM2.5 36.5 15.6 52.1 2.3 (Xu et al., 2018) 

Beijing haze urban PM2.5 21.7 5.6 27.3 3.9 

(Shao et al., 2018)  non-haze urban PM2.5 13.4 4.1 17.6 3.2 

 avg urban PM2.5 19.8 5.3 25.0 3.7 

Nanjing annual industrial PM2.5 19.2 6.4 25.6 3.0 
(Li et al., 2016) 

 annual urban PM2.5 13.0 4.8 17.8 2.7 

Handan winter 2013 urban PM2.5 16.0 6.5 22.5 2.5 

(Zhao et al., 2019) 

 summer 2013 urban PM2.5 8.5 3.9 12.4 2.2 

 annual 2013 urban PM2.5 14.2 5.5 19.7 2.6 

Handan winter 2017 urban PM2.5 33.6 6.6 40.2 5.1 

 summer 2017 urban PM2.5 9.3 4.2 13.4 2.2 

 annual 2017 urban PM2.5 21.0 5.4 26.4 3.9 

Lanzhou winter residential PM2.5 29.4 11.5 40.8 2.6 

(Tan et al., 2017)  summer residential PM2.5 28.6 13.0 41.6 2.2 

 annual residential PM2.5 29.2 11.8 41.0 2.5 

Ningdong 
(Yinglite) 

winter industrial PM2.5 7.0 4.7 11.7 1.5 

(Liang et al., 2019) 

 summer industrial PM2.5 6.1 3.2 9.4 1.9 

Cixi haze mixed PM2.5 16.8 6.1 22.9 2.8 
(Lu et al., 2020) 

 non-haze mixed PM2.5 18.9 7.4 26.3 2.6 

Xi’an spring urban PM2.5 14.8 3.8 18.5 3.9 

(Niu et al., 2016) 

 summer urban PM2.5 14.4 3.3 17.7 4.3 

 autumn urban PM2.5 18.1 5.1 23.2 3.5 

 winter urban PM2.5 13.7 3.0 16.7 4.6 

 annual urban PM2.5 16.9 4.2 21.1 4.0 

Zhengzhou heavy polluted urban PM2.5 16.9 3.5 20.4 4.8 
(Jiang et al., 2018) 

 other days urban PM2.5 14.3 4.7 19.0 3.0 

Chengdu non-haze urban PM2.5 16.6 4.8 21.4 3.4 

(Tao et al., 2013) 
 dust urban PM2.5 8.4 2.1 10.5 4.0 

 haze urban PM2.5 21.0 4.5 25.4 4.7 

 annual urban PM2.5 15.5 4.3 19.8 3.6 

Avg China 17.4 5.5 23.0 3.4  

  



Table S1-2 (continue) 

Country  Season Site PM size OC EC TC OC/EC Ref 

India         

Delhi annual industrail PM2.5 28.2 9.1 37.3 3.1 (Mandal et al., 2014) 

Delhi summer traffic PM2.5 30.2 13.4 43.6 2.3 
(Pant et al., 2015) 

 winter traffic PM2.5 37.7 16.7 54.4 2.3 

Delhi annual urban PM2.5 14.1 8.2 22.3 1.7 

(Sharma and Mandal, 2017)  winter urban PM2.5 14.7 8.5 23.2 1.7 

 summer urban PM2.5 13.8 8.4 22.2 1.6 

Delhi winter urban PM2.5 12.9 5.8 18.7 2.2 

(Jain et al., 2020) 
 summer urban PM2.5 9.5 5.1 14.6 1.9 

 monsoon urban PM2.5 9.8 4.4 14.2 2.2 

 annual urban PM2.5 12.0 5.6 17.6 2.2 

Pune May – Oct 2013 urban PM2.5 30.5 2.3 32.9 13.1 
(Pipal and Satsangi, 2015) 

  urban Pm10 20.0 1.5 21.5 13.8 

Trombay annual industrial PM2.5  12.5   
(Police et al., 2018) 

 annual industrial PM2.5  14.2   

Ahmedabad winter urban PM2.5 32.9 5.4 38.2 6.1 (Rengarajan et al., 2011) 

Van Vihar 
National Park 

annual  PM2.5 30.0 13.0 43.0 2.3 
(Kumar and Sunder Raman, 2020) 

Avg India 21.2 8.4 26.9 3.5  

UK         

Birmingham 11-21 Sep 2012 Traffic 
(Tunnel) 

PM2.5 30.1 30.0 60.1 1.0 
(Pant et al., 2017) 

Birmingham summer 2-18 
June 2011 

Urbanbg PM2.5 26.0 9.0 35.1 2.9 

(Taiwo, 2016) 
   PM2.5-

10 
13.5 0.3 13.8 42.9 

London winter urban PM2.5 17.5 7.5 25.0 2.3 

(Crilley et al., 2015) 
Detling , Kent winter rural PM2.5 13.8 3.8 17.5 3.7 

Harwell, 
Oxfordshire 

winter rural PM2.5 16.4 5.0 21.4 3.3 

London winter urban PM2.5 22.3 9.6 31.9 2.3 

(Yin et al., 2015) Harwell, 
Oxfordshire 

winter rural PM2.5 20.9 6.2 27.1 3.4 

Europe         

Barcelona annual urban back PM2.5 16.1 6.5 22.6 2.5 

(Salameh et al., 2015) 
Marseille annual urban back PM2.5 31.6 9.2 40.8 3.4 

Genoa annual urban back PM2.5 19.3 10.0 29.3 1.9 

Thessaloniki annual urban back PM2.5 17.7 3.5 21.2 5.1 

Paris, France annual suburban PM2.5 21.1 8.6 29.6 2.5 

(Bressi et al., 2013)  annual urban PM2.5 20.3 9.5 29.7 2.1 

 annual rural PM2.5 23.0 9.5 32.5 2.4 

America/Canada         

Toronto, Canada Annual urban PM2.5 7.5 7.0 14.5 1.1 (Jeong et al., 2020) 

Alberta, Canada annual urban PM2.5 23.3 9.0 32.3 2.6 (Bari and Kindzierski, 2016) 

Los Angeles, US annual urban PM2.5-
10 

8.2 0.7 8.9 11.6 

(Cheung et al., 2011) 
 annual rural PM2.5-

10 
5.7 0.4 6.1 15.4 

  



Table S2-1 Contribution of WSIs (%) to PM mass in SEA countries 

Country Season Site  PM 
size 

Ca
2+

 Na
+
 K

+
 Mg

2+
 NH4

+
 Cl

-
 NO3

-
 SO4

2-
 NO3

-

/SO4
2
- 

Ref 

Thailand              

Chiang Mai haze Rural PM2.5 0.4 1.0 1.6  3.1 0.9 6.2 4.4 1.4 (Pani et al., 
2019)  haze Urban PM2.5 0.5 1.2 1.6  2.0 1.2 3.5 4.3 0.8 

Chiang Mai LBB urban PM2.5 0.7 4.3 2.5  5.0 1.8 2.5 15.5 0.2 

(Pani et al., 
2018) 

 MBB urban PM2.5 0.5 3.6 2.3  3.3 1.1 2.9 8.1 0.4 

 HBB urban PM2.5 0.3 2.6 2.0  2.6 0.6 3.0 4.1 0.7 

 EBB urban PM2.5 0.3 2.4 1.6  2.4 0.7 2.7 4.5 0.6 

Chiang Mai haze urban PM2.5 1.2  2.0 0.2 5.2 0.2 4.2 13.6 0.3 (Thepnuan 
et al., 2019) 

Chaing Mai haze Rural PM2.5 0.4 0.3 2.6  2.9 0.5 1.3 9.7 0.1 (Chuang et 
al., 2013) 

Chiang Mai haze urban PM2.5 0.6 3.5 2.2  3.3 1.1 2.9 8.4 0.3 (Khamkaew 
et al., 2016)  haze rural PM2.5 0.5 4.9 2.2  1.2 1.2 5.0 3.0 1.6 

Chiang Mai hot dry  urban PM2.5 0.4 0.1 1.3 0.0 2.6 0.1 2.3 8.2 0.3 

(Chansuebsri 
et al., 2022) 

 wet urban PM2.5  0.8 1.0  2.4 0.2 2.3 9.1 0.3 

 cold dry urban PM2.5  0.0 1.8  2.3 0.1 3.3 8.0 0.4 

 
hot dry  

Rural near 
source PM2.5 

0.1 0.2 1.2  1.9 0.1 2.4 6.1 0.4 

 
wet 

Rural near 
source PM2.5 

 0.8 0.8  2.1 0.3 2.1 8.2 0.3 

 
cold dry 

Rural near 
source PM2.5 

0.1 0.5 1.1  1.5 0.4 1.1 5.7 0.2 

Phimai dry Rural PM10 1.2 1.1 1.7 0.5 6.7 0.2 3.0 19.4 0.2 (Li et al., 
2013) 

Bangkok dry traffic PM2.5     0.7 1.2 1.3 2.7 0.5 (Chuersuwan 
et al., 2008)  dry traffic PM10     0.6 1.9 1.3 2.1 0.6 

Phuket annual suburban PM2.5 2.3 3.5 0.7 0.3 0.7 1.3 1.3 5.5 0.2 (Choochuay 
et al., 2020) 

Vietnam              

Tamdao wet Rural PM2.5 0.4 0.3 1.6 0.0 14.0 0.1 0.4 30.4 0.0 (Co et al., 
2014)  dry Rural PM2.5 0.6 1.0 2.2 0.2 7.7 0.8 3.1 19.4 0.2 

Hanoi dry Urban PM2.5  0.6 1.2  10.1  8.9 21.8 0.4 
(Hai and Kim 
Oanh, 2013) 

 dry Urban PM10-
2.5 

 2.5 0.3  3.1  5.9 4.1 1.4 

Mong 
Duong 

wet indust PM2.5 0.9 0.3 0.3 0.2 2.3 0.2 0.3 7.1 0.0 

(Hang and 
Kim Oanh, 
2014) 

 dry  PM2.5 0.8 0.3 0.8 0.2 4.5 0.5 2.7 11.8 0.2 

Cam Hai wet Rural PM2.5 0.4 0.4 0.4 0.0 4.1 0.2 0.5 10.0 0.1 

 dry  PM2.5 0.4 0.2 1.1 0.0 6.2 0.4 2.8 17.4 0.2 

Sonla BBSX Rural PM2.5 0.2 0.2 1.4  5.2 0.2 4.0 14.4 0.3 
(Lee et al., 
2016) 

 BBIC Rural PM2.5 0.2 0.0 1.7  2.8 0.2 1.7 7.9 0.2 

 BBSS Rural PM2.5 0.3 0.0 1.3  5.1 0.3 1.9 15.1 0.1 

Malaysia              

Bangi, 
Selangor 

haze suburban PM2.5 0.2 0.3 0.8 0.6  0.2 1.3 3.9 0.3 (Jaafar et al., 
2018) 

Kuala 
Lumpur 

haze suburban PM2.5 1.1 0.8 1.2 0.3 3.0 0.1 1.5 10.8 0.1 (Khan et al., 
2016) 

Kuala 
Lumpur 

wet urban PM2.5 1.4 1.2 0.6 0.3 2.0 0.2 3.7 8.3 0.5 (Khan et al., 
2017) 

Bachok wet Rural PM2.5 0.6 7.0 2.4 0.6 10.4 4.1 3.8 66.1 0.1 (Farren et 
al., 2019) 

  



Table S2-1 (continue) 

Country Season Site  PM 
size 

Ca
2+

 Na
+
 K

+
 Mg

2+
 NH4

+
 Cl

-
 NO3

-
 SO4

2-
 NO3

-

/SO4
2
- 

Ref 

Singapore              

Singapore non urban PM2.5   1.3     19.5  

(Tham et al., 
2019) 

 haze urban PM2.5   1.1     13.2  

 episodic urban PM2.5   0.5     2.9  

Singapore haze urban PM2.5 0.9 0.4 0.9  5.4 0.6 4.1 11.2 0.4 (Hapsari 
Budisulistiorini 
et al., 2018) 

Singapore haze urban PM2.5  2.8 2.8  5.0 4.1 3.9 20.9 0.2 

(See et al., 2006) 
 non urban PM2.5  4.1 2.2  4.9 3.2 3.1 22.8 0.1 

Indonesia              

Riau haze Near 
source 

PM2.5     1.0 1.1 0.1 0.5 0.2 
(Fujii et al., 
2019)  haze background PM2.5     0.8 0.1 0.7 1.6 0.4 

Avg SEA 0.6 1.6 1.4 0.3 3.8 0.8 2.7 11.4 0.4  

 

  



Table S2-2 Contribution of WSIs (%) to PM mass in other countries 

Country Season Site  PM 
size 

Ca
2+

 Na
+
 K

+
 Mg

2+
 NH4

+
 Cl

-
 NO3

-
 SO4

2-
 NO3

-

/SO4
2
- 

Ref 

China              

Beijing haze urban PM2.5 0.8 0.4 1.0 0.3 14.5 0.8 18.4 40.3 0.5 
(Zhang et al., 
2016)  non-haze urban PM2.5 2.4 0.7 1.3 0.4 10.5 0.7 14.4 26.4 0.5 

Beijing haze urban PM2.5 0.6 0.3 0.7 0.1 12.4 2.1 24.1 19.7 1.2 

(Shen et al., 
2017) 

 haze urban PM2.5 0.7 0.3 0.7 0.1 13.3 0.6 16.2 24.5 0.7 

 haze urban PM2.5 0.4 0.3 1.0 0.1 17.2 2.3 17.4 26.1 0.7 

 non-haze urban PM2.5 2.9 0.5 2.0 0.2 6.3 1.4 8.2 11.2 0.7 

Beijing Heavy-
polluted 

urban PM2.5 0.2 0.5 1.2  12.5 3.4 14.9 18.6 0.8 
(Tao et al., 
2015)  Clean urban PM2.5 0.9 0.7 1.1  8.4 4.8 10.7 12.3 0.9 

Beijing haze urban PM2.5     9.5  16.2 19.5 0.8 

(Ho et al., 
2016) 

Xi’an haze urban  PM2.5     11.0  22.4 20.6 1.1 

Xiamen haze urban PM2.5     11.6  22.7 31.6 0.7 

Hong Kong haze urban PM2.5     0.6  4.6 11.0 0.4 

Beijing annual urban PM2.5          (Ji et al., 2016) 

Beijing haze urban PM2.5 0.3 0.6 2.2 0.4 8.8 5.0 18.2 14.6 1.2 
(Zhang et al., 
2018)  non-haze urban PM2.5 1.2 0.9 0.3 0.6 0.1 6.2 26.9 14.0 1.9 

Beijing haze urban PM2.5 2.1 1.5 1.9 0.3 8.1 4.9 4.3 9.5 0.4 (Xu et al., 
2018) 

Beijing haze urban PM2.5 0.3 0.3 0.7  8.3 2.2 15.7 11.3 1.4 

(Shao et al., 
2018) 

 non-haze urban PM2.5 0.6 0.3 0.5  4.6 1.3 8.0 5.8 1.4 

 avg urban PM2.5 0.3 0.3 0.7  7.4 2.0 14.3 10.0 1.4 

Nanjing annual industrial PM2.5 1.2 0.9 0.5  3.8 2.6 9.7 20.9 0.5 

(Li et al., 2016) 
 annual urban PM2.5 1.1 0.9 0.6  4.9 2.1 12.4 18.3 0.7 

Taiyuan annual urban PM2.5 1.3 2.4 0.8 0.4 4.9 3.1 5.6 14.3 0.4 (He et al., 
2017) 

Shenzhen winter suburban PM2.5 3.4 4.8   9.7 2.5 8.1 20.0 0.4 
(Dai et al., 
2013)  summer suburban PM2.5 4.0 9.3   4.2 3.4 6.1 11.4 0.5 

Handan 
2013 

winter urban PM2.5 0.3  1.0  9.0 4.6 10.0 15.0 0.7 

(Zhao et al., 
2019) 

 Summer urban PM2.5 0.4  0.7  7.5 1.1 9.3 22.4 0.4 

 annual urban PM2.5 0.6  0.9  8.4 3.7 7.4 16.5 0.5 

Handan 
2017 

winter urban PM2.5 0.5  1.5  10.4 6.6 16.3 16.0 1.0 

 summer urban PM2.5 0.5  0.5  9.6 1.1 7.7 20.7 0.4 

 annual urban PM2.5 0.6  0.9  9.9 0.9 15.3 15.1 1.0 

Lanzhou winter residential PM2.5 1.8 0.7 1.0  5.6 4.3 6.0 9.8 0.6 

(Tan et al., 
2017) 

 summer residential PM2.5 3.8 0.8 1.1  5.7 2.0 5.5 12.6 0.4 

 annual residential PM2.5 2.3 0.8 1.0  5.6 3.8 5.9 10.4 0.6 

Ningdong 
(Yinglite) 

winter industrial PM2.5 4.1 0.6 0.4  2.9 1.1 4.7 5.9 0.8 
(Liang et al., 
2019)  summer industrial PM2.5 6.5 0.4 0.2  1.0 0.3 1.6 5.7 0.3 

  



Table S2-2 (continue) 

Country Season Site  PM 
size 

Ca
2+

 Na
+
 K

+
 Mg

2+
 NH4

+
 Cl

-
 NO3

-
 SO4

2-
 NO3

-

/SO4
2
- 

Ref 

Zhengzhou haze urban PM2.5     11.4  32.6 10.3 3.2 

(Dong et al., 
2020) 

 sandy 
haze 

urban PM2.5     10.3  29.9 13.7 2.2 

 non-haze urban PM2.5     13.0  26.9 12.7 2.1 

Cixi haze mixed PM2.5     0.8 0.3 1.1 0.8 1.3 
(Lu et al., 
2020)  non-haze mixed PM2.5     0.3 0.4 0.2 0.2 0.8 

Xi’an spring urban PM2.5 2.2 1.1 0.6 0.2 4.9 2.0 10.6 12.1 0.9 

(Niu et al., 
2016) 

 summer urban PM2.5 1.9 0.9 0.6 0.1 6.7 0.6 9.1 21.6 0.4 

 autumn urban PM2.5 1.1 0.6 0.8 0.1 4.9 2.1 9.5 10.8 0.9 

 winter urban PM2.5 1.0 1.1 1.1 0.2 6.5 3.2 11.1 12.0 0.9 

 annual urban PM2.5 1.5 1.0 0.8 0.2 5.7 2.2 10.1 13.1 0.8 

Zhengzhou heavy 
polluted 

urban PM2.5     8.3  11.5 15.1 0.8 

(Jiang et al., 
2018)  other 

days 
urban PM2.5     8.9  12.1 16.6 0.7 

Chengdu non-haze urban PM2.5 1.6 0.4 2.3  4.2 1.9 8.6 13.3 0.6 

(Tao et al., 
2013) 

 dust urban PM2.5 3.0 0.7 0.8  0.3 1.2 2.4 5.2 0.5 

 haze urban PM2.5 1.3 0.2 4.1  4.7 4.2 7.9 11.8 0.7 

 annual urban PM2.5 1.8 0.4 2.3 0.0 3.5 2.0 7.3 11.6 0.6 

Avg China 1.6 1.1 1.1 0.2 7.2 2.5 12.0 14.9 0.9  

India              

Delhi summer traffic PM2.5  0.7 1.5  8.5 3.7 7.5 17.1 0.4 
(Pant et al., 
2015)  winter traffic PM2.5  0.2 1.4  12.4 10.0 11.9 9.4 1.3 

Delhi annual urban PM2.5  3.6 3.9  8.7 5.8 8.6 10.4 0.8 

(Sharma and 
Mandal, 2017) 

 winter urban PM2.5  2.5 2.9  8.1 5.3 9.0 8.2 1.1 

 summer urban PM2.5  4.8 5.3  10.1 6.6 7.1 12.3 0.6 

Delhi summer urban PM2.5 3.9 4.1 3.9 0.5 8.5 8.3 4.5 10.0 0.4 

(Saxena et al., 
2017) 

 monsoon urban PM2.5 5.1 17.5 5.9 2.5 6.9 15.6 8.6 23.8 0.4 

 winter urban PM2.5 1.6 3.2 2.8 0.5 6.8 6.6 8.7 8.5 1.0 

 spring urban PM2.5 2.2 3.6 3.0 0.3 8.9 6.8 7.4 10.2 0.7 

 annual urban PM2.5 2.5 5.1 3.4 0.8 8.2 8.8 8.8 11.7 0.8 

Delhi winter urban PM2.5 1.6 3.1 2.8 0.2 9.1 6.0 11.0 10.2 1.1 

(Jain et al., 
2020) 

 summer urban PM2.5 3.1 3.7 3.6 0.4 6.5 6.9 6.3 10.1 0.6 

 monsoon urban PM2.5 4.2 5.9 3.9 0.9 4.4 6.0 5.1 14.2 0.4 

 annual urban PM2.5 2.3 3.7 3.3 0.4 7.5 6.3 8.9 10.6 0.8 

Ahmedabad winter urban PM2.5 0.9 0.8 1.6 0.1 5.8 0.0 2.2 17.4 0.1 (Rengarajan et 
al., 2011) 

Van Vihar 
National 
Park 

annual  PM2.5 1.8 3.6 2.2 0.4 4.7 3.3 6.9 7.6 0.9 (Kumar and 
Sunder 
Raman, 2020) 

Avg India 2.6 4.1 3.2 0.6 7.8 6.6 7.6 12.0 0.7  

  



Table S2-2 (continue) 

Country Season Site  PM 
size 

Ca
2+

 Na
+
 K

+
 Mg

2+
 NH4

+
 Cl

-
 NO3

-
 SO4

2-
 NO3

-

/SO4
2
- 

Ref 

UK              

Birmingham summer 
2-18 
June 
2011 

urban 
background 

PM2.5 0.4 4.4   11.8 4.2 10.9 24.5 0.4 

(Taiwo, 2016) 

   PM2.5-
10 

1.9 5.7   17.0 15.0 26.8 3.9 6.9 

London Winter urban PM2.5   0.4       

(Crilley et al., 
2015) 

Detling , 
Kent 

winter rural PM2.5          

Harwell, 
Oxfordshire 

winter rural PM2.5   0.5       

London winter urban PM2.5      4.3 22.3 11.5 1.9 
(Yin et al., 
2015) Harwell, 

Oxfordshire 
winter rural PM2.5      4.6 29.1 15.5 1.9 

Europe              

Barcelona annual urban back PM2.5  1.6   5.4  5.4 15.1 0.4 

(Salameh et 
al., 2015) 

Marseille annual urban back PM2.5  0.5 0.5  8.7  8.7 11.2 0.8 

Genoa annual urban back PM2.5  0.7 0.4  3.6  3.6 25.7 0.1 

Thessaloniki annual urban back PM2.5  0.5 0.3  5.6  6.5 10.5 0.6 

Paris, France annual suburban PM2.5 0.5 1.1 0.9 0.2 9.9 1.2 19.1 13.8 1.4 

(Bressi et al., 
2013) 

 annual urban PM2.5 0.8 1.2 0.8 0.2 9.5 1.3 19.6 13.5 1.5 

 annual rural PM2.5 0.4 1.1 1.0 0.2 9.5 1.3 17.5 15.1 1.2 

America              

Toronto, 
Canada 

Annual urban PM2.5  0.4  0.1 9.0 0.3 16.8 18.6 0.9 (Jeong et al., 
2020) 

Alberta, 
Canada 

annual urban PM2.5 0.1 0.4 0.4 0.6 4.4 0.3 4.4 8.4 0.5 (Bari and 
Kindzierski, 
2016) 

Los Angeles, 
US 

annual urban PM2.5-
10 

    0.4 4.8 16.2 5.4 3.0 

(Cheung et al., 
2011)  annual rural PM2.5-

10 
    0.2 2.1 4.8 2.2 2.2 

  



Table S3-1 Contribution of crustal and trace elements (%) to PM in SEA countries 

Country Season Site 
  PM 
size 

Na K Mg Al Si Ca Ti V Mn Fe Ni Cu Zn Pb As Ref 

Thailand                    

Bangkok dry traffic PM2.5 2.116 1.420 0.681 2.768  4.319  1.609 0.072 2.072 0.377 0.116 1.130 0.261 0.449 
(Chuersuwan et 
al., 2008)  dry traffic PM10 1.739 1.119 0.768 2.794  4.431  1.045 0.083 1.970 0.028 0.083 0.777 0.167 0.296 

Chiang Mai LBB urban PM2.5  3.929 1.071 2.679         0.893   

(Pani et al., 
2018) 

 MBB urban PM2.5  3.548 1.075 1.828         0.430   

 HBB urban PM2.5  3.269 1.538 1.218         0.064   

 EBB urban PM2.5  3.139 1.211 1.704     0.045  0.045  0.448   

Chiang Mai haze urban PM2.5  3.545 1.128 1.869     0.021  0.032 0.021 0.494   
(Khamkaew et 
al., 2016)  haze rural PM2.5  3.217 1.020 2.005     0.024  0.036 0.012 0.240   

Vietnam                    

Hanoi annual suburban PM2.5 0.228 1.804  0.415 2.000 0.850 0.057 0.006 0.113 0.730 0.007 0.019 0.902 0.437  (Cohen et al., 
2010) 

Mong 
Duong 

wet indust PM2.5   0.171 0.143 0.571 1.143 0.029 0.011 0.086 0.857 0.029 0.086 0.286 0.200  

(Hang and Kim 
Oanh, 2014) 

 dry  PM2.5   0.167 0.333 1.333 0.833 0.033 0.013 0.050 0.667 0.050 0.033 0.333 0.167  

Cam Hai wet Rural PM2.5   0.011 0.148 0.741 0.370 0.074 0.026 0.074 0.741 0.074 0.011 0.370 0.370  

 dry  PM2.5   0.002 0.189 0.566 0.755 0.038 0.019 0.094 0.377 0.038 0.038 0.377 0.377  

Tamdao, 
Veit 

wet Rural PM2.5    1.600 4.800 1.200 0.400  0.160 1.200  0.008 0.400 0.400  

(Co et al., 2014) 
 dry Rural PM2.5   0.196 1.961 4.902 1.176 0.008 0.196 0.020 0.392 0.004 0.020 0.098 0.039  

Malaysia                    

Kuala 
Lumpur 

haze suburban PM2.5  0.656 0.046 0.065    0.007 0.007 0.031 0.004 0.013 0.086 0.025 0.018 (Khan et al., 
2016) 

Kuala wet urban PM2.5 1.435 0.435 0.391 0.609  0.348  0.024 0.022  0.007 0.038 0.046 0.043 0.005 (Khan et al., 
2017) 

Kuala 
lumpur 

annual urban PM2.5 1.043 1.453 0.447 0.559 1.192 0.484 0.030 0.015 0.022 0.410 0.011 0.063 0.145 0.119 0.034 
(Rahman et al., 
2011)  annual urban PM10 1.602 1.825 1.024 3.649 7.566 4.406 0.196 0.022 0.040 1.958 0.018 0.049 0.134 0.098 0.036 

Selangor haze urban PM2.5  1.971  0.400 0.953 0.252 0.029   0.229   0.132 0.084  (Fujii et al., 
2016) 

Singapore                    

Singapore haze urban PM2.5   0.236 2.683 0.301 1.534 0.034 0.071 0.034 1.242 0.282 0.902 0.753 0.278  

(See et al., 2006) 
 non urban PM2.5   0.439 2.076 0.443 1.031 0.064 0.124 0.059 1.465 0.544 1.457 1.191 0.300  

Avg SEA 1.360 2.238 0.612 1.441 2.114 1.542 0.083 0.228 0.057 0.956 0.093 0.175 0.442 0.210 0.140  



Table S3-2 Contribution of crustal and trace elements (%) to PM in other countries 

Country Season Site 
  PM 
size 

Na K Mg Al Si Ca Ti V Mn Fe Ni Cu Zn Pb As Ref 

China                    

Beijing Haze urban PM2.5 0.549 1.037 0.305 0.579  1.037  0.001 0.049 0.671 0.001 0.030 0.395 0.258 0.055 

(Shen et al., 
2017) 

 Haze urban PM2.5 0.976 1.037 0.451 1.116  1.280  0.004 0.051 0.854 0.005 0.024 0.237 0.182 0.020 

 Haze urban PM2.5 0.560 1.120 0.184 0.464  1.360  0.007 0.042 0.800 0.006 0.021 0.332 0.236 0.014 

 Non-
haze 

urban PM2.5 0.980 1.569 1.333 2.941  3.922  0.006 0.100 2.549 0.005 0.041 0.229 0.176 0.020 

Nanjing annual industrial PM2.5    0.600   0.050  0.051 0.650 0.011 0.048 0.341 0.159 0.009 

(Li et al., 2016) 
 annual urban PM2.5    0.547   0.052  0.052 0.619 0.012 0.053 0.360 0.171 0.009 

Ji’nan, 
Shangdong 

 urban PM2.5    0.644   0.040  0.059 1.030 0.010 0.030 0.347 0.158 0.040 
(Zhou et al., 
2014)   industrial PM2.5    0.515   0.038  0.085 1.854 0.008 0.031 0.338 0.154 0.046 

Lanzhou Winter residential PM2.5       0.119 0.010 0.178  0.012 0.057 0.412 0.876 0.028 

(Tan et al., 
2017) 

 summer residential PM2.5       0.269 0.011 0.182  0.013 0.069 0.393 0.416 0.029 

 annual residential PM2.5       0.153 0.010 0.182  0.012 0.061 0.417 0.796 0.029 

Ningdong 
(Yinglite) 

winter industrial PM2.5 0.314 0.333 0.574 2.065  4.832 0.061  0.051 0.988 0.003 0.003 0.051 0.035 0.013 
(Liang et al., 
2019)  summer industrial PM2.5 0.337 0.516 1.274 4.611  12.434 0.121  0.058 2.027 0.005 0.005 0.058 0.016 0.005 

Zhengzhou haze urban PM2.5  1.094  1.356 1.481 1.663   0.090 1.179 0.002 0.034 0.224 0.078 0.026 

(Dong et al., 
2020) 

 Sandy 
haze 

urban PM2.5  1.680  3.569 8.227 2.541   0.083 2.522 0.003 0.014 0.137 0.040 0.014 

 Non-
haze 

urban PM2.5  1.700  3.277 5.356 6.617   0.182 3.119 0.004 0.028 0.320 0.060 0.053 

Cixi Haze mixed PM2.5 0.485 0.351 0.152 0.285 0.971 1.036 0.009 0.006 0.025 0.313 0.004 0.021 0.315 0.054  
(Lu et al., 
2020)  Non-

haze 
mixed PM2.5 0.674 0.399 0.155 0.517 1.118 0.685 0.013 0.009 0.031 0.541 0.006 0.039 0.373 0.062  

Zhengzhou Heavy 
polluted 

urban PM2.5   0.138 0.416     0.033 0.361 0.002 0.014 0.293 0.080 0.010 

(Jiang et al., 
2018)  Other 

days 
urban PM2.5   0.364 0.735     0.053 0.730 0.003 0.023 0.415 0.172 0.013 

Chengdu Non-
haze 

urban PM2.5    1.097 0.907 0.898 0.104   1.287      

(Tao et al., 
2013) 

 Dust urban PM2.5    5.361 5.567 3.353 0.363   4.412      

 haze urban PM2.5    0.351 0.339 0.300 0.045   0.581      

 annual urban PM2.5    1.809 1.712 1.291 0.143   1.794      

Avg China 0.609 0.985 0.493 1.565 2.853 2.883 0.105 0.007 0.082 1.375 0.006 0.032 0.299 0.209 0.024  



Table S3-2 (Continue) 

Country Season Site 
  PM 
size 

Na K Mg Al Si Ca Ti V Mn Fe Ni Cu Zn Pb As Ref 

India                    

Delhi annual urban SPM 0.698 0.867 1.162 2.444  3.356  0.097 0.136 3.010 0.027 0.676 0.856 0.081  (Shridhar et 
al., 2010) 

 annual rural SPM 0.670 0.925 1.027 2.678  3.077  0.065 0.075 2.190 0.015 0.211 0.386 0.052   

Delhi summer traffic PM2.5    1.392 3.230 1.340 0.120 0.017 0.052 1.220 0.007 0.034 0.344 0.137  
(Pant et al., 
2015)  winter traffic PM2.5    0.625 0.646 0.401 0.025 0.004 0.029 0.415 0.004 0.025 0.231 0.217  

Delhi annual urban PM2.5   0.773 2.351 1.371 2.932 0.088  0.016 0.207  0.032 0.104 0.016 0.056 

(Sharma and 
Mandal, 2017) 

 winter urban PM2.5   0.903 1.704 1.036 2.179 0.112  0.015 0.026  0.046 0.133 0.026 0.077 

 summer urban PM2.5   0.554 3.036 1.855 3.831 0.060  0.012 0.145  0.012 0.036 0.012 0.012 

Delhi Winter urban PM2.5    1.164   0.049  0.011 0.464  0.066 0.295 0.224 0.093 

(Jain et al., 
2020) 

 summer urban PM2.5    1.573   0.087  0.039 0.767  0.107 0.311 0.223 0.049 

 Monsoon urban PM2.5    1.928   0.101  0.029 1.000  0.116 0.319 0.290 0.029 

 annual urban PM2.5    1.427   0.069  0.008 0.595  0.076 0.290 0.229 0.069 

Trombay 2010 industrial PM2.5 1.261 0.830 0.704 2.355 2.767 1.154 0.123 0.063 0.038 1.164 0.044 0.031 0.270 0.459 0.006 
(Police et al., 
2018)  2011 industrial PM2.5 1.917 1.141 1.202 2.404 3.646 1.531 0.130 0.112 0.065 1.477 0.087 0.047 0.191 0.365 0.007 

Ahmedabad winter urban PM2.5    1.257            (Rengarajan et 
al., 2011) 

Van Vihar 
National 
Park 

annual  PM2.5  2.307  2.573 3.050 0.900 0.098 0.011 0.041 1.100 0.007 0.041 0.559 0.150 0.005 (Kumar and 
Sunder 
Raman, 2020) 

Avg India 1.137 1.214 0.904 1.927 2.200 2.070 0.089 0.053 0.040 0.984 0.027 0.109 0.309 0.177 0.040  

UK                    

Birmingham 11-21 
Sep 2012 

Traffic 
(Tunnel) 

PM2.5      0.003 0.030 0.002 0.050   0.170 0.166   (Pant et al., 
2017) 

Birmingham summer 
2-18 
June 
2011 

Urban 
background 

PM2.5         0.738 0.148 0.148 0.148 0.240   

(Taiwo, 2016) 

   PM2.5-
10 

        0.739 0.092 0.370 0.333 0.037   

London winter urban PM2.5    0.280 0.892           
(Yin et al., 
2015) Harwell, 

Oxfordshire 
winter rural PM2.5    0.245 0.700           

 

 



Table S3-2 (Continue) 

Country Season Site 
  PM 
size 

Na K Mg Al Si Ca Ti V Mn Fe Ni Cu Zn Pb As Ref 

Europe                    

Barcelona annual urban back PM2.5  0.688 0.253   0.780  0.032 0.027 0.833 0.016 0.038 0.226 0.032  

(Salameh 
et al., 
2015) 

Marseille annual urban back PM2.5  1.148 0.735   5.571  0.031 0.056 1.352 0.020 0.087 0.122 0.041  

Genoa annual urban back PM2.5  0.714 0.257   0.786  0.100 0.029 1.014 0.050 0.043 0.136 0.043  

Thessaloniki annual urban back PM2.5  1.164 1.186   5.495  0.030 0.245 2.441 0.070 0.226 0.207 0.110  

America                    

Toronto, 
Canada 

Annual urban PM2.5  0.418  0.201 0.490 0.552 0.025 0.002 0.017 0.543 0.002 0.025 0.090 0.021 0.005 (Jeong et 
al., 2020) 

Alberta, 
Canada 

annual urban PM2.5    0.045  0.000 0.004 0.001 0.034 0.176 0.005 0.021 0.080 0.005 0.002 (Bari and 
Kindzierski, 
2016) 

Los 
Angeles, US 

annual urban PM2.5-
10 

  1.332 2.550  2.855 0.250   4.239  0.199 0.078   

(Cheung et 
al., 2011)  annual rural PM2.5-

10 
  0.910 3.574  2.273 0.321   3.275  0.229 0.055   
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