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Abstract

PM,, is a critical air pollutant in urban areas of India. Out of 176 cities, 140 exceeded annual PM,,
standard of 60 ug m~3 in 2010. A detailed PM,, source apportionment study was conducted in six
Indian cities during 2007—-2010, providing insight to urban PM,, issues. Data on emission
inventory along with carbon, secondary inorganic aerosol (SIA) and crustal components of ambient
PM,, were analyzed to get broad actions for urban PM,, reduction. Road dust and vehicles
emerged as two major sources accounting for ~30 to 70 % and ~15 to 20 % of PM,, emissions,
respectively. Maximum concentration of EC, SIA, and crustal components varied between 10.3—
38.0, 15.5—30.2, and 17.5—40.6 ug m~3, respectively. Kerbside locations showed higher EC levels.
Background SO, >~ and NO, ~ levels were ~70—80 % of city average. Controlling dust from road
segments with high traffic volume, emissions from heavy duty vehicles, and efficient public
transport emerged as key actions. Reducing SO, and NO,, emissions from industries in
nonattainment cities will reduce SIA. The six-city project represents a large range of activity,
geophysical, and meteorological profiles, and as such would represent source mix of many Indian
cities and towns. It would, therefore, be reasonable to apply broad inferences from the study to
other Indian cities and towns.

Keywords

Urban PM,,, reduction Chemical speciation Source apportionment India

V. Rajagopalan has retired as Secretary, Ministry of Environment, Forest & Climate Change, Govt.
of India.

This is a preview of subscription content, log in to check access.

https://link.springer.com/article/10.1007/s11869-015-0353-4 171


https://link.springer.com/
https://link.springer.com/journal/11869
https://link.springer.com/journal/11869/9/5/page/1
mailto:prashant_gargava@hotmail.com
https://citations.springer.com/item?doi=10.1007/s11869-015-0353-4
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs11869-015-0353-4

10/23/2018 Source apportionment studies in six Indian cities—drawing broad inferences for urban PM10 reductions | SpringerLink

Notes

Acknowledgments

Authors gratefully acknowledge source apportionment studies carried out in six cities by ARAI,
NEERI, TERI, and IITs of Chennai, Kanpur, and Mumbai, which provided base data for this
analysis.

References

Aggarwal AL, Gargava P, Pathak A (2006) Conceptual guidelines and common methodology for air
quality monitoring, emission inventory, and source apportionment studies for Indian cities. CPCB

Report, http://cpcb.nic.in/sourceapportionmentstudies.pdf
(http://cpcb.nic.in/sourceapportionmentstudies.pdf)

Andrés Henriquez, Matias Tagle, Felipe Reyes, (2012) Thomas Kuhlbusch, Bryan Hellack, Claudio
Hetz, Pedro Oyola (2012) Relation between Carbonaceous Aerosol Characterization and Lung
Injury Endpoints in an In Vivo Model., In proceeding of: American Association for Aerosol
Research, Volume: 31th

Google Scholar (https://scholar.google.com/scholar?
q=Andr%C3%A9s%20Henriquez%2C%20Mat%C3%ADas%20Tagle%2C%20Felipe%20Reyes%2C
%20%282012%29%20Thomas%20Kuhlbusch%2C%20Bryan%20Hellack%2C%20Claudio%20Het
2%2C%20Pedro%200y0la%20%282012%29%20Relation%20between%20Carbonaceous%20Aero
sol%20Characterization%20and%20Lung%20Injury%20Endpoints%20in%20an%20In%20Vivo%
20Model.%2C%20In%20proceeding%200f%3A%20American%20Association%20for%20Aerosol
%20Research%2C%20Volume%3A%2031th)

Aneja VP, Schlesinger WH, Erisman JW, Behera SN, Sharma M, Battye W (2012) Reactive nitrogen
emissions from crop and livestock farming in India. Atmos Environ 47:92—103

CrossRef (https://doi.org/10.1016/j.atmosenv.2011.11.026)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Reactive%20nitrogen%20emissions%20from%20crop%20and %2o0livestock%20farming%20i
n%2o0India&author=VP.%20Aneja&author=WH.%20Schlesinger&author=JW.%20Erisman&auth
or=SN.%20Behera&author=M.%20Sharma&author=W.%20Battye&journal=Atmos%20Environ&v
olume=47&pages=92-103&publication_year=2012)

ARAI (Automotive Research Association of India) (2010) Air Quality Monitoring and Emission
Source Apportionment Study for Pune. Report No. ARAI/IOCL-AQM/R-12/2009-10.
http://www.cpcb.nic.in/Pune.pdf (http://www.cpcb.nic.in/Pune.pdf)

ARAI (Automotive Research Association of India) (2009) Source profiling for vehicular emissions.
Report Number ARAI/VSP-I1I/SP/RD/08-09/60,
http://www.cpcb.nic.in/Source_ Profile_Vehicles.pdf

(http://www.cpcb.nic.in/Source_ Profile_ Vehicles.pdf)

ARAI (Automotive Research Association of India) (2007) Emission factor development for Indian

vehicles. Project Rep No.: AFL/2006-07/I0CL/Emission Factor Project/Final Rep,

http://www.cpcb.nic.in/Emission_Factors_Vehicles.pdf
(http://www.cpcb.nic.in/Emission_Factors_Vehicles.pdf)

Batra S, Gargava P, Kamyotra JS (2010) An integrated approach to urban air quality management.
Proceedings 97th Session of Indian National Science Congress, Thiruvananthapuram, 290p
Google Scholar (http://scholar.google.com/scholar_lookup?
title=An%20integrated%20approach%20to%20ourban%20air%20quality%20management&author
=S.%20Batra&author=P.%20Gargava&author=JS.%20Kamyotra&publication_year=2010)

https://link.springer.com/article/10.1007/s11869-015-0353-4 211


http://cpcb.nic.in/sourceapportionmentstudies.pdf
https://scholar.google.com/scholar?q=Andr%C3%A9s%20Henriquez%2C%20Mat%C3%ADas%20Tagle%2C%20Felipe%20Reyes%2C%20%282012%29%20Thomas%20Kuhlbusch%2C%20Bryan%20Hellack%2C%20Claudio%20Hetz%2C%20Pedro%20Oyola%20%282012%29%20Relation%20between%20Carbonaceous%20Aerosol%20Characterization%20and%20Lung%20Injury%20Endpoints%20in%20an%20In%20Vivo%20Model.%2C%20In%20proceeding%20of%3A%20American%20Association%20for%20Aerosol%20Research%2C%20Volume%3A%2031th
https://doi.org/10.1016/j.atmosenv.2011.11.026
http://scholar.google.com/scholar_lookup?title=Reactive%20nitrogen%20emissions%20from%20crop%20and%20livestock%20farming%20in%20India&author=VP.%20Aneja&author=WH.%20Schlesinger&author=JW.%20Erisman&author=SN.%20Behera&author=M.%20Sharma&author=W.%20Battye&journal=Atmos%20Environ&volume=47&pages=92-103&publication_year=2012
http://www.cpcb.nic.in/Pune.pdf
http://www.cpcb.nic.in/Source_Profile_Vehicles.pdf
http://www.cpcb.nic.in/Emission_Factors_Vehicles.pdf
http://scholar.google.com/scholar_lookup?title=An%20integrated%20approach%20to%20urban%20air%20quality%20management&author=S.%20Batra&author=P.%20Gargava&author=JS.%20Kamyotra&publication_year=2010

10/23/2018 Source apportionment studies in six Indian cities—drawing broad inferences for urban PM10 reductions | SpringerLink

Behera SN, Rout J, Sharma M, Gargava P (2013) Development and evaluation of control strategies
for reduction of ambient pm,, levels in urban environment: application of GIS and dispersion
modeling. Int J Eng Res Appl 3(4):2278-2294

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Development%20and%2o0evaluation%200f%20control %20strategies%20for%2o0reduction%2
oof%20ambient%20pm10%20levels%20in%20urban%20environment%3A%20application%200f
%20GIS%20and%20dispersion%20modeling&author=SN.%20Behera&author=J.%20Rout&autho
r=M.%20Sharma&author=P.%20Gargava&journal=Int%20J%20Eng%20Res%20Appl&volume=3
&issue=4&pages=2278-2294&publication_year=2013)

Bell ML (2012) Assessment of the Health Impacts of Particulate Matter Characteristics. Research
Report 161. Health Effects Institute, Boston, MA, http://pubs.healtheffects.org/getfile.php?u=685
(http://pubs.healtheffects.org/getfile.php?u=685)

Cao JJ, Lee SC, Ho KF, Zhang XY, Zou SC, Kochy F, Chow Judith C, Watson John G (2003)
Characteristics of carbonaceous aerosol in Pearl River Delta Region, China during 2001 winter
period. Atmos Environ 37(11):1451-1460

CrossRef (https://doi.org/10.1016/S1352-2310(02)01002-6)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Characteristics%200f%20carbonaceous%20aerosol%20in%20Pearl%20River%20Delta%20R
egion%2C%20China%20during%202001%20winter%2operiod&author=JJ.%20Cao&author=SC.%
20Lee&author=KF.%20Ho&author=XY.%20Zhang&author=SC.%20Zou&author=F.%20Kochy&a
uthor=C.%20Chow%20Judith&author=G.%20Watson%20John&journal=Atmos%20Environ&vol
ume=37&issue=11&pages=1451-1460&publication_year=2003)

Chow JC, Watson JG, Douglas LDH, Lung-Wen AC, Motallebi N (2010) Black and organic carbon
emission inventories: review and application to California. J Air Waste Manage Assoc 60(4):497—
507

CrossRef (https://doi.org/10.3155/1047-3289.60.4.497)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Black%20and%200organic%20carbon%20emission%20inventories%3A%20review%20and %2
oapplication%20to%20California&author=JC.%20Chow&author=JG.%20Watson&author=LDH.
%20Douglas&author=AC.%20Lung-
Wen&author=N.%20Motallebi&journal=J%20Air%20Waste%20Manage%20Assoc&volume=60&i
ssue=4&pages=497-507&publication_year=2010)

Chow JC, Engelbrecht JP, Watson JG, Wilson WE, Frank NH, Zhu T (2002) Designing monitoring
networks to represent outdoor human exposure. Chemosphere 49(9):961—978

CrossRef (https://doi.org/10.1016/S0045-6535(02)00239-4)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Designing%20monitoring%20networks%20to%20represent%20outdoor%20human%20expo
sure&author=JC.%20Chow&author=JP.%20Engelbrecht&author=JG.%20Watson&author=WE.%
20Wilson&author=NH.%20Frank&author=T.%20Zhu&journal=Chemosphere&volume=49&issue
=9&pages=961-978&publication_year=2002)

Colvile RN, Gémez-Perales JE, Nieuwenhuijsen MJ (2003) Use of dispersion modeling to assess
road-user exposure to PM,, ; and its source apportionment. Atmos Environ 37(20):2773-2782, 35
CrossRef (https://doi.org/10.1016/S1352-2310(03)00217-6)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Use%200f%20dispersion%20modeling%20to%20assess %20road-
user%20exposure%20t0%20PM2.5%20and%20its%20source%20apportionment&author=RN.%2
oColvile&author=JE.%20G%C3%B3mez-
Perales&author=MJ.%20Nieuwenhuijsen&journal=Atmos%20Environ&volume=37&issue=20&pa
ges=2773-2782&publication_year=2003)

CPCB (Central Pollution Control Board) (2013) Annual Report 2011-
2012.http://cpcb.nic.in/upload/AnnualReports/AnnualReport_43_AR_2011-12_English.pdf
(http://cpcb.nic.in/upload/AnnualReports/AnnualReport_43_AR_2011-12_English.pdf)

https://link.springer.com/article/10.1007/s11869-015-0353-4 311


http://scholar.google.com/scholar_lookup?title=Development%20and%20evaluation%20of%20control%20strategies%20for%20reduction%20of%20ambient%20pm10%20levels%20in%20urban%20environment%3A%20application%20of%20GIS%20and%20dispersion%20modeling&author=SN.%20Behera&author=J.%20Rout&author=M.%20Sharma&author=P.%20Gargava&journal=Int%20J%20Eng%20Res%20Appl&volume=3&issue=4&pages=2278-2294&publication_year=2013
http://pubs.healtheffects.org/getfile.php?u=685
https://doi.org/10.1016/S1352-2310(02)01002-6
http://scholar.google.com/scholar_lookup?title=Characteristics%20of%20carbonaceous%20aerosol%20in%20Pearl%20River%20Delta%20Region%2C%20China%20during%202001%20winter%20period&author=JJ.%20Cao&author=SC.%20Lee&author=KF.%20Ho&author=XY.%20Zhang&author=SC.%20Zou&author=F.%20Kochy&author=C.%20Chow%20Judith&author=G.%20Watson%20John&journal=Atmos%20Environ&volume=37&issue=11&pages=1451-1460&publication_year=2003
https://doi.org/10.3155/1047-3289.60.4.497
http://scholar.google.com/scholar_lookup?title=Black%20and%20organic%20carbon%20emission%20inventories%3A%20review%20and%20application%20to%20California&author=JC.%20Chow&author=JG.%20Watson&author=LDH.%20Douglas&author=AC.%20Lung-Wen&author=N.%20Motallebi&journal=J%20Air%20Waste%20Manage%20Assoc&volume=60&issue=4&pages=497-507&publication_year=2010
https://doi.org/10.1016/S0045-6535(02)00239-4
http://scholar.google.com/scholar_lookup?title=Designing%20monitoring%20networks%20to%20represent%20outdoor%20human%20exposure&author=JC.%20Chow&author=JP.%20Engelbrecht&author=JG.%20Watson&author=WE.%20Wilson&author=NH.%20Frank&author=T.%20Zhu&journal=Chemosphere&volume=49&issue=9&pages=961-978&publication_year=2002
https://doi.org/10.1016/S1352-2310(03)00217-6
http://scholar.google.com/scholar_lookup?title=Use%20of%20dispersion%20modeling%20to%20assess%20road-user%20exposure%20to%20PM2.5%20and%20its%20source%20apportionment&author=RN.%20Colvile&author=JE.%20G%C3%B3mez-Perales&author=MJ.%20Nieuwenhuijsen&journal=Atmos%20Environ&volume=37&issue=20&pages=2773-2782&publication_year=2003
http://cpcb.nic.in/upload/AnnualReports/AnnualReport_43_AR_2011-12_English.pdf

10/23/2018 Source apportionment studies in six Indian cities—drawing broad inferences for urban PM10 reductions | SpringerLink

CPCB (Central Pollution Control Board) (2012) National Ambient Air Quality Status and Trends in

India-2010. Report No. NAAQMS/35/2011-1012,

http://www.cpcb.nic.in/upload /NewlItems/Newltem_192_ NAAQSTI.pdf
(http://www.cpcb.nic.in/upload/NewlItems/NewlItem_192_NAAQSTI.pdf)

CPCB (Central Pollution Control Board) (2011) Air quality monitoring, emission inventory and
source apportionment study for Indian cities: National Summary Report,
http://cpcb.nic.in/FinalNationalSummary.pdf (http://cpcb.nic.in/FinalNationalSummary.pdf)

CPCB (Central Pollution Control Board) (2009) National ambient air quality standards,
http://cpcb.nic.in/National _Ambient_Air_Quality _Standards.php
(http://cpcb.nic.in/National_Ambient_Air_Quality_Standards.php)

DEFRA (Department for Environment, Food and Rural Affairs) (2007) The Scottish Executive,
Welsh Assembly Government, Department of the Environment Northern Ireland The Air Quality
Strategy for England, Scotland, Wales and Northern Ireland (Volume 2),
http://www.scotland.gov.uk/Resource/Doc/1052/0051688.pdf
(http://www.scotland.gov.uk/Resource/Doc/1052/0051688.pdf)

Deshmukh DK, Tsai YI, Deb MK, Mkoma SL (2012) Characterization of dicarboxylates and
inorganic ions in urban PM;, aerosols in the eastern Central India. Aerosol Air Qual Res 12:592—
607

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Characterization%200f%20dicarboxylates%20and%20inorganic%20ions%20in%20urban %2
0PM10%20aerosols%20in%20the%20eastern%20Central %20India&author=DK.%20Deshmukh&
author=YI.%20Tsai&author=MK.%20Deb&author=SL.%20Mkoma&journal=Aerosol%20Air%20
Qual%20Res&volume=12&pages=592-607&publication_year=2012)

Gargava P, Chow JC, Watson JG, Douglas HL (2013) Speciated PM,, Emission Inventory for Delhi,
India. Aerosol and Air Quality Research. Doi: 10.4209/aaqr.2013.02.0047

Google Scholar (https://scholar.google.com/scholar?
q=Gargava%20P%2C%20Chow%20JC%2C%20Watson%20J G%2C%20Douglas%20HL%20%282
013%29%20Speciated%20PM10%20Emission%2o0Inventory%20for%20Delhi%2C%20India.%20A
erosol%20and%20Air%20Quality%20Research.%20D0i%3A%2010.4209%2Faaqr.2013.02.0047)

Gu J, Pitz M, Schenlle-Kreis J, Diemer J, Reller A, Zimmermann R, Soentgen J, Stoelzel M,
Wichmann HE, Peters A, Cyrys J (2011) Source apportionment of ambient particles: comparison of
positive matrix factorization analysis applied to particle size distribution and chemical composition
data. Atmos Environ 45:1849-1857

CrossRef (https://doi.org/10.1016/j.atmosenv.2011.01.009)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Source%20apportionment%200f%20ambient%20particles%3A%20comparison%200f%20po
sitive%20matrix%20factorization%20analysis%20applied %20to%20particle%20size%20distributi
on%20and%20chemical%20composition%20data&author=J.%20Gu&author=M.%20Pitz&author
=J.%20Schenlle-
Kreis&author=J.%20Diemer&author=A.%20Reller&author=R.%20Zimmermann&author=J.%20S
oentgen&author=M.%20Stoelzel&author=HE.%20Wichmann&author=A.%20Peters&author=J.%
20Cyrys&journal=Atmos%20Environ&volume=45&pages=1849-1857&publication_year=2011)

Harrison RM, Smith DJT, Pio CA, Castro LM (1997) Comparative receptor modeling study of
airborne particulate pollutants in Birmingham (United Kingdom), Coimbra (Portugal) and Lahore
(Pakistan). Atmos Environ 31:3309—3321

CrossRef (https://doi.org/10.1016/S1352-2310(97)00152-0)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Comparative%20receptor%20modeling%20study%200f%20airborne%20particulate%20poll
utants%20in%20Birmingham%20%28United %20Kingdom%29%2C%20Coimbra%20%28Portuga
1%29%20and%20Lahore%20%28Pakistan%29&author=RM.%20Harrison&author=DJT.%20Smit
h&author=CA.%20Pio&author=LM.%20Castro&journal=Atmos%20Environ&volume=31&pages=
3309-3321&publication_year=1997)

https://link.springer.com/article/10.1007/s11869-015-0353-4 4/11


http://www.cpcb.nic.in/upload/NewItems/NewItem_192_NAAQSTI.pdf
http://cpcb.nic.in/FinalNationalSummary.pdf
http://cpcb.nic.in/National_Ambient_Air_Quality_Standards.php
http://www.scotland.gov.uk/Resource/Doc/1052/0051688.pdf
http://scholar.google.com/scholar_lookup?title=Characterization%20of%20dicarboxylates%20and%20inorganic%20ions%20in%20urban%20PM10%20aerosols%20in%20the%20eastern%20Central%20India&author=DK.%20Deshmukh&author=YI.%20Tsai&author=MK.%20Deb&author=SL.%20Mkoma&journal=Aerosol%20Air%20Qual%20Res&volume=12&pages=592-607&publication_year=2012
https://scholar.google.com/scholar?q=Gargava%20P%2C%20Chow%20JC%2C%20Watson%20JG%2C%20Douglas%20HL%20%282013%29%20Speciated%20PM10%20Emission%20Inventory%20for%20Delhi%2C%20India.%20Aerosol%20and%20Air%20Quality%20Research.%20Doi%3A%2010.4209%2Faaqr.2013.02.0047
https://doi.org/10.1016/j.atmosenv.2011.01.009
http://scholar.google.com/scholar_lookup?title=Source%20apportionment%20of%20ambient%20particles%3A%20comparison%20of%20positive%20matrix%20factorization%20analysis%20applied%20to%20particle%20size%20distribution%20and%20chemical%20composition%20data&author=J.%20Gu&author=M.%20Pitz&author=J.%20Schenlle-Kreis&author=J.%20Diemer&author=A.%20Reller&author=R.%20Zimmermann&author=J.%20Soentgen&author=M.%20Stoelzel&author=HE.%20Wichmann&author=A.%20Peters&author=J.%20Cyrys&journal=Atmos%20Environ&volume=45&pages=1849-1857&publication_year=2011
https://doi.org/10.1016/S1352-2310(97)00152-0
http://scholar.google.com/scholar_lookup?title=Comparative%20receptor%20modeling%20study%20of%20airborne%20particulate%20pollutants%20in%20Birmingham%20%28United%20Kingdom%29%2C%20Coimbra%20%28Portugal%29%20and%20Lahore%20%28Pakistan%29&author=RM.%20Harrison&author=DJT.%20Smith&author=CA.%20Pio&author=LM.%20Castro&journal=Atmos%20Environ&volume=31&pages=3309-3321&publication_year=1997

10/23/2018 Source apportionment studies in six Indian cities—drawing broad inferences for urban PM10 reductions | SpringerLink

Hubacek K, Guan D, Barua A (2007) Changing lifestyles and consumption patterns in developing
countries: a scenario analysis for China and India. Futures 39:1084-1096

CrossRef (https://doi.org/10.1016/j.futures.2007.03.010)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Changing%z2olifestyles%20and%20consumption%20patterns%20in%20developing%20count
ries%3A%20a%20scenario%20analysis%20for%20China%20and%20India&author=K.%20Hubac
ek&author=D.%20Guan&author=A.%20Barua&journal=Futures&volume=39&pages=1084-
1096&publication_year=2007)

IITK (Indian Institute of Technology Kanpur) (2010) Air Quality Assessment, Emissions Inventory
and Source Apportionment Studies for Kanpur City, http://www.cpcb.nic.in/Kanpur.pdf
(http://www.cpcb.nic.in/Kanpur.pdf)

IITM (Indian Institute of Technology Madras) (2010) Air quality monitoring, emission inventory
and source apportionment study for Chennai, http://www.cpcb.nic.in/Chennai.pdf
(http://www.cpcb.nic.in/Chennai.pdf)

Jinxia G, Bai Z, Liu A, Liping W, Xie Y, Li W, Dong H, Zhang X (2010) Characterization of
atmospheric organic carbon and element carbon of PM. 5 and PM;, at Tianjin, China. Aerosol Air
Qual Res 10:167-176

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Characterization%200f%20atmospheric%20organic%20carbon%20and%20element%20carb
on%200f%20PM2.5%20and%20PM10%20at%20Tianjin%2C%20China&author=G.%20Jinxia&au
thor=Z.%20Bai&author=A.%20Liu&author=W.%20Liping&author=Y.%20Xie&author=W.%20Li&
author=H.%20Dong&author=X.%20Zhang&journal=Aerosol %20Air%20Qual%20Res&volume=10
&pages=167-176&publication_year=2010)

Kumar AV, Patil RS, Nambi KSV (2001) Source apportionment of suspended particulate matter at
two traffic junctions in Mumbai, India. Atmos Environ 35(2):4245—4251

CrossRef (https://doi.org/10.1016/S1352-2310(01)00258-8)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Source%20apportionment%200f%20suspended%20particulate%20matter%20at%20two%20
traffic%20junctions%20in%20Mumbai%2C%20India&author=AV.%20Kumar&author=RS.%20Pa
til&author=KSV.%20Nambi&journal=Atmos%20Environ&volume=35&issue=2&pages=4245-
4251&publication_year=2001)

Laupsa H, Denby B, Larssen S, Schaug J (2009) Source apportionment of particulate matter
(PM, ;) in an urban area using dispersion, receptor and inverse modeling. Atmos Environ
43(31):4733-4744

CrossRef (https://doi.org/10.1016/j.atmosenv.2008.07.010)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Source%20apportionment%200f%20particulate%20matter%20%28PM2.5%29%20in%20an
%20urban%20area%20using%2o0dispersion%2C%20receptor%20and%2o0inverse%20modeling&a
uthor=H.%20Laupsa&author=B.%20Denby&author=S.%20Larssen&author=J.%20Schaug&journ
al=Atmos%20Environ&volume=43&issue=31&pages=4733-4744&publication_year=2009)

Mani M, Markandya A, Sagar A, Sahin S (2012) India’s economic growth and environmental
sustainability: what are the tradeoffs? policy research working paper 6208, The World Bank, South
Asia Region, http://elibrary.worldbank.org/docserver/download/6208.pdf?
expires=1380193311&id=id & accname=guest &
checksum=0EAA08538DE040E7931284C3164A6ACC

(http://elibrary.worldbank.org/docserver/download/6208.pdf?
expires=1380193311&id=1d%20&%20accname=guest%20&%20checksum=0EAA08538 DE040E79
31284C3164A6ACC)

McMurry P, Shepherd M, Vickery J (2004) Particulate matter science for policy makers. a
NARSTO assessment report

Google Scholar (https://scholar.google.com/scholar?
q=McMurry%20P%2C%20Shepherd%20M%2C%20Vickery%20J%20%282004%29%20Particulat

https://link.springer.com/article/10.1007/s11869-015-0353-4 5/11


https://doi.org/10.1016/j.futures.2007.03.010
http://scholar.google.com/scholar_lookup?title=Changing%20lifestyles%20and%20consumption%20patterns%20in%20developing%20countries%3A%20a%20scenario%20analysis%20for%20China%20and%20India&author=K.%20Hubacek&author=D.%20Guan&author=A.%20Barua&journal=Futures&volume=39&pages=1084-1096&publication_year=2007
http://www.cpcb.nic.in/Kanpur.pdf
http://www.cpcb.nic.in/Chennai.pdf
http://scholar.google.com/scholar_lookup?title=Characterization%20of%20atmospheric%20organic%20carbon%20and%20element%20carbon%20of%20PM2.5%20and%20PM10%20at%20Tianjin%2C%20China&author=G.%20Jinxia&author=Z.%20Bai&author=A.%20Liu&author=W.%20Liping&author=Y.%20Xie&author=W.%20Li&author=H.%20Dong&author=X.%20Zhang&journal=Aerosol%20Air%20Qual%20Res&volume=10&pages=167-176&publication_year=2010
https://doi.org/10.1016/S1352-2310(01)00258-8
http://scholar.google.com/scholar_lookup?title=Source%20apportionment%20of%20suspended%20particulate%20matter%20at%20two%20traffic%20junctions%20in%20Mumbai%2C%20India&author=AV.%20Kumar&author=RS.%20Patil&author=KSV.%20Nambi&journal=Atmos%20Environ&volume=35&issue=2&pages=4245-4251&publication_year=2001
https://doi.org/10.1016/j.atmosenv.2008.07.010
http://scholar.google.com/scholar_lookup?title=Source%20apportionment%20of%20particulate%20matter%20%28PM2.5%29%20in%20an%20urban%20area%20using%20dispersion%2C%20receptor%20and%20inverse%20modeling&author=H.%20Laupsa&author=B.%20Denby&author=S.%20Larssen&author=J.%20Schaug&journal=Atmos%20Environ&volume=43&issue=31&pages=4733-4744&publication_year=2009
http://elibrary.worldbank.org/docserver/download/6208.pdf?expires=1380193311&id=id%20&%20accname=guest%20&%20checksum=0EAA08538DE040E7931284C3164A6ACC
https://scholar.google.com/scholar?q=McMurry%20P%2C%20Shepherd%20M%2C%20Vickery%20J%20%282004%29%20Particulate%20matter%20science%20for%20policy%20makers.%20a%20NARSTO%20assessment%20report

10/23/2018 Source apportionment studies in six Indian cities—drawing broad inferences for urban PM10 reductions | SpringerLink

e%20matter%20science%20for%20policy%20makers.%20a%20NARSTO%20assessment%20repo
rt)

Molina MJ, Molina LT (2004) Critical review: megacities and atmospheric pollution. J Air Waste
Manag Assoc 54:644—680

CrossRef (https://doi.org/10.1080/10473289.2004.10470936)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Critical%20review%3A%20megacities%20and%20atmospheric%20pollution&author=MJ.%2
oMolina&author=LT.%20Molina&journal=J%20Air%20Waste%20Manag%20Assoc&volume=54
&pages=644-680&publication_year=2004)

Nan Zhang, Bin Han, Fei He, Jia Xu, Can Niu, Jian Zhou, Shaofei Kong, Zhipeng Bai, He Xu, 2014.
Characterization, health risk of heavy metals, and source apportionment of atmospheric PM, ; to
children in summer and winter: an exposure panel study in Tianjin, China. Air Quality
Atmosphere & Health, DOI 10.1007/511869-014-0289-0

Google Scholar (https://scholar.google.com/scholar?
g=Nan%20Zhang%2C%20Bin%20Han%2C%20Fei%20He%2C%20Jia%20Xu%2C%20Can%20Ni
u%2C%20Jian%20Zhou%2C%20Shaofei%20Kong%2C%20Zhipeng%20Bai%2C%20He%20Xu%2
C%202014.%20Characterization%2C%20health%20risk%200f%20heavy%20metals%2C%20and %
20source%20apportionment%200f%20atmospheric%20PM2.5%20t0%20children%20in%20sum
mer%20and%20winter%3A%20an%20exposure%20panel%20study%20in%20Tianjin%2C%20Chi
na.%20Air%20Quality%20Atmosphere%20%26%20Health%2C%20D01%2010.1007%2Fs11869-
014-0289-0)

NEERI (National Environmental Engineering Research Institute) (2010a) Air quality monitoring,
emission inventory & source apportionment studies for Delhi, http://www.cpcb.nic.in/Delhi.pdf
(http://www.cpcb.nic.in/Delhi.pdf)

NEERI (National Environmental Engineering Research Institute) (2010b) Air quality assessment,
emissions inventory and source apportionment studies: Mumbai,
http://www.cpcb.nic.in/Mumbai-report.pdf (http://www.cpcb.nic.in/Mumbai-report.pdf)

Pace TG (1979) An empirical approach for relating annual tsp concentrations to particulate
microinventory emissions data and monitor siting characteristics. EPA-450/479-012. Research
Triangle Park, North Carolina

Google Scholar (http://scholar.google.com/scholar_lookup?

title=An%20empirical %20approach%20for%2orelating%20annual %20tsp%20concentrations%20
to%20particulate%20microinventory%20emissions%20data%20and%20monitor%z20siting%20ch
aracteristics.%20EPA-450%2F479-012&author=TG.%20Pace&publication_year=1979)

Pandis SN, Harley RA, Cass GR, Seinfeld JH (1992) Secondary organic aerosol formation and
transport. Atmos Environ 26(13):2269

CrossRef (https://doi.org/10.1016/0960-1686(92)90358-R)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Secondary%20organic%20aerosol%20formation%20and%2otransport&author=SN.%20Pan
dis&author=RA.%20Harley&author=GR.%20Cass&author=JH.%20Seinfeld&journal=Atmos%20E
nviron&volume=26&issue=13&pages=2269&publication_year=1992)

Pant P, Harrison R (2012) Critical review of receptor modeling for particulate matter: a case study

of India. Atmos Environ 49:1—12. doi: 10.1016/j.atmosenv.2011.11.060
(https://doi.org/10.1016/j.atmosenv.2011.11.060)

CrossRef (https://doi.org/10.1016/j.atmosenv.2011.11.060)

Google Scholar (http://scholar.google.com/scholar_lookup?

title=Critical%20review%200f%20receptor%20modeling%20for%2o0particulate%20matter%3A%2

oa%20case%20study%200f%20India&author=P.%20Pant&author=R.%20Harrison&journal=Atm

0s%20Environ&volume=49&pages=1-
12&publication_year=2012&d0i=10.1016%2Fj.atmosenv.2011.11.060)

Putaud JP, Raes F, Dingenen RV, Baltensperger U, Briiggemann E, Facchini MC, Decesari S, Fuzzi
S, Gehrig R, Hansson HC, Hiiglin C, Laj P, Lorbeer G, Maenhaut W, Mihalopoulos N, Miiller K,

https://link.springer.com/article/10.1007/s11869-015-0353-4 6/11


https://scholar.google.com/scholar?q=McMurry%20P%2C%20Shepherd%20M%2C%20Vickery%20J%20%282004%29%20Particulate%20matter%20science%20for%20policy%20makers.%20a%20NARSTO%20assessment%20report
https://doi.org/10.1080/10473289.2004.10470936
http://scholar.google.com/scholar_lookup?title=Critical%20review%3A%20megacities%20and%20atmospheric%20pollution&author=MJ.%20Molina&author=LT.%20Molina&journal=J%20Air%20Waste%20Manag%20Assoc&volume=54&pages=644-680&publication_year=2004
https://scholar.google.com/scholar?q=Nan%20Zhang%2C%20Bin%20Han%2C%20Fei%20He%2C%20Jia%20Xu%2C%20Can%20Niu%2C%20Jian%20Zhou%2C%20Shaofei%20Kong%2C%20Zhipeng%20Bai%2C%20He%20Xu%2C%202014.%20Characterization%2C%20health%20risk%20of%20heavy%20metals%2C%20and%20source%20apportionment%20of%20atmospheric%20PM2.5%20to%20children%20in%20summer%20and%20winter%3A%20an%20exposure%20panel%20study%20in%20Tianjin%2C%20China.%20Air%20Quality%20Atmosphere%20%26%20Health%2C%20DOI%2010.1007%2Fs11869-014-0289-0
http://www.cpcb.nic.in/Delhi.pdf
http://www.cpcb.nic.in/Mumbai-report.pdf
http://scholar.google.com/scholar_lookup?title=An%20empirical%20approach%20for%20relating%20annual%20tsp%20concentrations%20to%20particulate%20microinventory%20emissions%20data%20and%20monitor%20siting%20characteristics.%20EPA-450%2F479-012&author=TG.%20Pace&publication_year=1979
https://doi.org/10.1016/0960-1686(92)90358-R
http://scholar.google.com/scholar_lookup?title=Secondary%20organic%20aerosol%20formation%20and%20transport&author=SN.%20Pandis&author=RA.%20Harley&author=GR.%20Cass&author=JH.%20Seinfeld&journal=Atmos%20Environ&volume=26&issue=13&pages=2269&publication_year=1992
https://doi.org/10.1016/j.atmosenv.2011.11.060
https://doi.org/10.1016/j.atmosenv.2011.11.060
http://scholar.google.com/scholar_lookup?title=Critical%20review%20of%20receptor%20modeling%20for%20particulate%20matter%3A%20a%20case%20study%20of%20India&author=P.%20Pant&author=R.%20Harrison&journal=Atmos%20Environ&volume=49&pages=1-12&publication_year=2012&doi=10.1016%2Fj.atmosenv.2011.11.060

10/23/2018 Source apportionment studies in six Indian cities—drawing broad inferences for urban PM10 reductions | SpringerLink

Querol X, Rodriguez S, Schneider J, Spindler G, ten Brink H, Torseth K, Wehner B, Wiedensohler
A (2004) A European Aerosol Phenomenology — 2: chemical characteristics of particulate matter at
kerbside, urban, rural and background sites in Europe. Atmos Environ 38(2579—2595):2004
Google Scholar (http://scholar.google.com/scholar_lookup?

title=A%20European%20Aerosol %20Phenomenology%20%E2%80%93%202%3A%20chemical %2
ocharacteristics%200f%20particulate%20matter%20at%20okerbside%2C%20urban%2C%20orural
%20and%20background%20sites%20in%20Europe&author=JP.%20Putaud&author=F.%20Raes
&author=RV.%20Dingenen&author=U.%20Baltensperger&author=E.%20Br%C3%BCggemann&a
uthor=MC.%20Facchini&author=S.%20Decesari&author=S.%20Fuzzi&author=R.%20Gehrig&aut
hor=HC.%20Hansson&author=C.%20H%C3%BCglin&author=P.%20Laj&author=G.%20Lorbeer&
author=W.%20Maenhaut&author=N.%20Mihalopoulos&author=K.%20M%C3%BCller&author=X
.%20Querol&author=S.%20Rodr%C3%ADguez&author=J.%20Schneider&author=G.%20Spindler
&author=H.%20Brink&author=K.%20T%C3%B8rseth&author=B.%20Wehner&author=A.%20Wi
edensohler&journal=Atmos%20Environ&volume=38&issue=2579%E2%80%932595&pages=2004
&publication_year=2004)

Rabl A (2006) Analysis of air pollution mortality in terms of life expectancy changes: relation
between time series, intervention, and cohort studies. Environ Heal 5:472—480

CrossRef (https://doi.org/10.1186/1476-069X-5-1)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Analysis%200f%20air%20pollution%20mortality%20in%20terms%200f%20life%20expecta
ncy%20changes%3A%2o0relation%20between%20time%20series %2C%20intervention%2C%20an
d%20cohort%20studies&author=A.%20Rabl&journal=Environ%20Heal&volume=5&pages=472-
480&publication_year=2006)

Samara C., Voutsa D., Kouras A., Eleftheriadis K., Maggos T., Saraga D., Petrakakis M., 2013.
Organic and elemental carbon associated to PM,, and PM, ; at urban sites of northern Greece.
Environmental Science and Pollution Research. DOI 10.1007/s11356-013-2052-8

Google Scholar (https://scholar.google.com/scholar?
g=Samara%20C.%2C%20Voutsa%20D.%2C%20Kouras%20A.%2C%20Eleftheriadis%20K.%2C%2
0Maggos%20T.%2C%20Saraga%20D.%2C%20Petrakakis%20M.%2C%202013.%200rganic%20an
d%20elemental%20carbon%20associated%20t0%20PM10%20and%20PM2.5%20at%20urban%2
osites%200f%20northern%20Greece.%20Environmental%20Science%20and%20Pollution%20Re
search.%20D01%2010.1007%2Fs11356-013-2052-8)

Sethi V, Patil RS (2008a) Development of air pollution source profiles - stationary sources volume

1, report prepared by Indian Institute Of Technology, Mumbai, India,

http://www.cpcb.nic.in/Source_Emission_%20Profiles_ NVS_Volume%200ne.pdf
(http://www.cpcb.nic.in/Source_ Emission_%20Profiles_ NVS_Volume%200ne.pdf)

Sethi V, Patil RS (2008b) Development of air pollution source profiles - stationary sources volume

2, report prepared by Indian Institute of Technology, Mumbai, India,

http://www.cpcb.nic.in/Source_Emission_Profiles_ NVS_Volume%20Two.pdf
(http://www.cpcb.nic.in/Source_Emission_ Profiles_ NVS_Volume%20Two.pdf)

Stone E, Schauer J, Quraishi TA, Mahmood A (2010) Chemical characterization and source
apportionment of fine and coarse particulate matter in Lahore. Pak Atmos Environ 44:1062—-1070
CrossRef (https://doi.org/10.1016/j.atmosenv.2009.12.015)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Chemical%20characterization%20and%20source%20apportionment%200f%20fine%20and
%20coarse%20particulate%20matter%20in%20Lahore&author=E.%20Stone&author=J.%20Scha
uer&author=TA.%20Quraishi&author=A.%20Mahmood&journal=Pak%20Atmos%20Environ&vol
ume=44&pages=1062-1070&publication_year=2010)

Ten Brink HM, Weijers EP, Th VAF, De Jonge D (2009) Carbon (EC/OC) concentrations as
derived from routine PM measurements in the Netherlands. Scientific report. PBL, Bilthoven,
ISSN: 1875-2314

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Carbon%20%28EC%2F0C%29%20concentrations%20as%20derived%20from%20routine%2

https://link.springer.com/article/10.1007/s11869-015-0353-4 7M1


http://scholar.google.com/scholar_lookup?title=A%20European%20Aerosol%20Phenomenology%20%E2%80%93%202%3A%20chemical%20characteristics%20of%20particulate%20matter%20at%20kerbside%2C%20urban%2C%20rural%20and%20background%20sites%20in%20Europe&author=JP.%20Putaud&author=F.%20Raes&author=RV.%20Dingenen&author=U.%20Baltensperger&author=E.%20Br%C3%BCggemann&author=MC.%20Facchini&author=S.%20Decesari&author=S.%20Fuzzi&author=R.%20Gehrig&author=HC.%20Hansson&author=C.%20H%C3%BCglin&author=P.%20Laj&author=G.%20Lorbeer&author=W.%20Maenhaut&author=N.%20Mihalopoulos&author=K.%20M%C3%BCller&author=X.%20Querol&author=S.%20Rodr%C3%ADguez&author=J.%20Schneider&author=G.%20Spindler&author=H.%20Brink&author=K.%20T%C3%B8rseth&author=B.%20Wehner&author=A.%20Wiedensohler&journal=Atmos%20Environ&volume=38&issue=2579%E2%80%932595&pages=2004&publication_year=2004
https://doi.org/10.1186/1476-069X-5-1
http://scholar.google.com/scholar_lookup?title=Analysis%20of%20air%20pollution%20mortality%20in%20terms%20of%20life%20expectancy%20changes%3A%20relation%20between%20time%20series%2C%20intervention%2C%20and%20cohort%20studies&author=A.%20Rabl&journal=Environ%20Heal&volume=5&pages=472-480&publication_year=2006
https://scholar.google.com/scholar?q=Samara%20C.%2C%20Voutsa%20D.%2C%20Kouras%20A.%2C%20Eleftheriadis%20K.%2C%20Maggos%20T.%2C%20Saraga%20D.%2C%20Petrakakis%20M.%2C%202013.%20Organic%20and%20elemental%20carbon%20associated%20to%20PM10%20and%20PM2.5%20at%20urban%20sites%20of%20northern%20Greece.%20Environmental%20Science%20and%20Pollution%20Research.%20DOI%2010.1007%2Fs11356-013-2052-8
http://www.cpcb.nic.in/Source_Emission_%20Profiles_NVS_Volume%20One.pdf
http://www.cpcb.nic.in/Source_Emission_Profiles_NVS_Volume%20Two.pdf
https://doi.org/10.1016/j.atmosenv.2009.12.015
http://scholar.google.com/scholar_lookup?title=Chemical%20characterization%20and%20source%20apportionment%20of%20fine%20and%20coarse%20particulate%20matter%20in%20Lahore&author=E.%20Stone&author=J.%20Schauer&author=TA.%20Quraishi&author=A.%20Mahmood&journal=Pak%20Atmos%20Environ&volume=44&pages=1062-1070&publication_year=2010
http://scholar.google.com/scholar_lookup?title=Carbon%20%28EC%2FOC%29%20concentrations%20as%20derived%20from%20routine%20PM%20measurements%20in%20the%20Netherlands&author=HM.%20Brink&author=EP.%20Weijers&author=VAF.%20Th&author=D.%20Jonge&publication_year=2009

10/23/2018 Source apportionment studies in six Indian cities—drawing broad inferences for urban PM10 reductions | SpringerLink

0PM%20measurements%20in%20the%20Netherlands&author=HM.%20Brink&author=EP.%20
Weijers&author=VAF.%20Th&author=D.%20Jonge&publication_year=2009)

TERI (The Energy Research Institute) (2010) Air quality assessment, emission inventory and
source apportionment study for Bangalore city, http://www.cpcb.nic.in/Bangalore.pdf
(http://www.cpcb.nic.in/Bangalore.pdf)

Tiwari S, Srivastava AK, Bisht DS, Safai PD, Parmita P (2013) Assessment of carbonaceous aerosol
over Delhi in the Indo-Gangetic Basin: characterization, sources and temporal variability. Nat
Hazards 65(3):1745—-1764

CrossRef (https://doi.org/10.1007/s11069-012-0449-1)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Assessment%200f%20carbonaceous%20aerosol%200ver%20Delhi%20in%20the%20Indo-
Gangetic%20Basin%3A%20characterization%2C%20sources%20and%20temporal%20variability&
author=S.%20Tiwari&author=AK.%20Srivastava&author=DS.%20Bisht&author=PD.%20Safai&a
uthor=P.%20Parmita&journal=Nat%20Hazards&volume=65&issue=3&pages=1745-
1764&publication_year=2013)

Turpin BJ, Huntzicker JJ (1995) Identification of secondary organic aerosol episodes and
quantitation of primary and secondary organic aerosol concentrations during SCAQS. Atmos
Environ 29(23):3527-3544

CrossRef (https://doi.org/10.1016/1352-2310(94)00276-Q)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Identification%200f%20secondary%20organic%20aerosol%20episodes%20and%20quantitat
ion%200f%20primary%20and%z20secondary%20organic%20aerosol%20concentrations%20durin
£%20SCAQS&author=BJ.%20Turpin&author=JJ.%20Huntzicker&journal=Atmos%20Environ&vo
lume=29&issue=23&pages=3527-3544&publication_year=1995)

U.S.EPA (2006) AP-42, volume I: compilation of air pollution emission factors, 5th edn. U.S.
Environmental Protection Agency, Washington, D.C

Google Scholar (http://scholar.google.com/scholar_lookup?title=AP-
42%2C%20volume%201%3A%20compilation%200f%20air%2o0pollution%20emission%2ofactors
&publication_year=2006)

U.S.EPA (2004) User's Guide for the AMS/EPA Regulatory Model - AERMOD. EPA-454/B-03-
oo1. U.S. Environmental Protection Agency, Research Triangle Park, NC

Google Scholar (http://scholar.google.com/scholar_lookup?
title=User%27s%20Guide%20for%20the%20AMS%2FEPA%20Regulatory%20Model%620%E2%8
0%93%20AERMOD.%20EPA-454%2FB-03-001&publication_year=2004)

U.S.EPA (1995) User’s guide for the Industrial Source Complex (ISC3) Dispersion Models, Volume
I — User Instructions EPA-454/B-95-003a. U.S. Environmental Protection Agency, Research
Triangle Park, NC

Google Scholar (http://scholar.google.com/scholar_lookup?
title=User%E2%80%99s%20guide%20for%20the%20Industrial%20Source%20Complex%20%281
SC3%29%20Dispersion%20Models%2C%20Volume%201%20%E2%80%93%20User%20Instructi
ons%20EPA-454%2FB-95-003a&publication_year=1995)

Vu Van-Tuan, Lee Byeong-Kyu, Kim Ji-Tae, 2011. Elemental and organic carbon in pm;, from
urban, industrial and background areas in ulsan, a typical industrial city, Korea. Proceedings of the
Global Conference on Global Warming 2011, Lisbon, Portugal, July 11-14, 2011

Google Scholar (https://scholar.google.com/scholar?q=Vu%z20Van-
Tuan%2C%20Lee%20Byeong-Kyu%2C%20Kim%20Ji-
Tae%2C%202011.%20Elemental%20and%200rganic%20carbon%20in%20pm10%20from%z20urb
an%2C%2o0industrial%20and%20background%20areas%20in%20ulsan%2C%20a%20typical %20i
ndustrial%20city%2C%20Korea.%20Proceedings%200f%20the%20Global%20Conference%200n
%20Global%20Warming%202011%2C%20Lisbon%2C%20Portugal %2C%20July%2011-
14%2C%202011)

https://link.springer.com/article/10.1007/s11869-015-0353-4 8/11


http://scholar.google.com/scholar_lookup?title=Carbon%20%28EC%2FOC%29%20concentrations%20as%20derived%20from%20routine%20PM%20measurements%20in%20the%20Netherlands&author=HM.%20Brink&author=EP.%20Weijers&author=VAF.%20Th&author=D.%20Jonge&publication_year=2009
http://www.cpcb.nic.in/Bangalore.pdf
https://doi.org/10.1007/s11069-012-0449-1
http://scholar.google.com/scholar_lookup?title=Assessment%20of%20carbonaceous%20aerosol%20over%20Delhi%20in%20the%20Indo-Gangetic%20Basin%3A%20characterization%2C%20sources%20and%20temporal%20variability&author=S.%20Tiwari&author=AK.%20Srivastava&author=DS.%20Bisht&author=PD.%20Safai&author=P.%20Parmita&journal=Nat%20Hazards&volume=65&issue=3&pages=1745-1764&publication_year=2013
https://doi.org/10.1016/1352-2310(94)00276-Q
http://scholar.google.com/scholar_lookup?title=Identification%20of%20secondary%20organic%20aerosol%20episodes%20and%20quantitation%20of%20primary%20and%20secondary%20organic%20aerosol%20concentrations%20during%20SCAQS&author=BJ.%20Turpin&author=JJ.%20Huntzicker&journal=Atmos%20Environ&volume=29&issue=23&pages=3527-3544&publication_year=1995
http://scholar.google.com/scholar_lookup?title=AP-42%2C%20volume%20I%3A%20compilation%20of%20air%20pollution%20emission%20factors&publication_year=2006
http://scholar.google.com/scholar_lookup?title=User%27s%20Guide%20for%20the%20AMS%2FEPA%20Regulatory%20Model%20%E2%80%93%20AERMOD.%20EPA-454%2FB-03-001&publication_year=2004
http://scholar.google.com/scholar_lookup?title=User%E2%80%99s%20guide%20for%20the%20Industrial%20Source%20Complex%20%28ISC3%29%20Dispersion%20Models%2C%20Volume%20I%20%E2%80%93%20User%20Instructions%20EPA-454%2FB-95-003a&publication_year=1995
https://scholar.google.com/scholar?q=Vu%20Van-Tuan%2C%20Lee%20Byeong-Kyu%2C%20Kim%20Ji-Tae%2C%202011.%20Elemental%20and%20organic%20carbon%20in%20pm10%20from%20urban%2C%20industrial%20and%20background%20areas%20in%20ulsan%2C%20a%20typical%20industrial%20city%2C%20Korea.%20Proceedings%20of%20the%20Global%20Conference%20on%20Global%20Warming%202011%2C%20Lisbon%2C%20Portugal%2C%20July%2011-14%2C%202011

10/23/2018 Source apportionment studies in six Indian cities—drawing broad inferences for urban PM10 reductions | SpringerLink

Watson JG, Norman F. Robinson, Charles Lewis, Thomas Coulter (1997) Chemical mass balance
receptor model version 8 (CMB8) user’s manual. desert research institute document no. 1808.1D1
Google Scholar (https://scholar.google.com/scholar?
q=Watson%20JG%2C%20Norman%20F.%20Robinson%2C%20Charles%20Lewis%2C%20Thoma
s%20Coulter%20%281997%29%20Chemical %20mass%20balance%20receptor%20model%20vers
10n%208%20%28CMB8%29%20user%E2%80%99s%20manual.%20desert%20research%z20instit
ute%20document%20n0.%201808.1D1)

Watson JG (2004) Protocol for Applying and Validating then CMB Model for PM, 5 and VOC, EPA-
451/R-04-001, December 2004

Google Scholar (https://scholar.google.com/scholar?
q=Watson%20JG%20%282004%29%20Protocol%20for%20Applying%20and%20Validating%20t
hen%20CMB%20Model%20for%20PM2.5%20and%20VOC%2C%20EPA-451%2FR-04-
001%2C%20December%202004)

Watson JG, Chow JC (2014) The role of receptor models in creating a weight-of-evidence emission
reduction strategy: analytical and procedural approaches, presentation in FATRMODE technical
meeting - WG3 source apportionment workshop. Kjeller, Norway

Google Scholar (https://scholar.google.com/scholar?
q=Watson%20JG%2C%20Chow%20JC%20%282014%29%20The%20role%200f%20receptor?%20
models%20in%20creating%20a%20weight-of-
evidence%20emission%20reduction%20strategy%3A%20analytical %20and%20procedural%20ap
proaches%2C%20presentation%20in%20FAIRMODE%20technical%20meeting%20-
%20WG3%20source%20apportionment%20workshop.%20Kjeller%2C%20Norway)

Rogula-Kozlowska W, Klejnowski K, Rogula-Kopiec P, Osrédka L, Krajny E, Blaszczak B, Mathews
B (2014) Spatial and seasonal variability of the mass concentration and chemical composition of
PMs, 5 in Poland. Air Qual Atmos Health 7(1):41-58

CrossRef (https://doi.org/10.1007/s11869-013-0222-y)

Google Scholar (http://scholar.google.com/scholar_lookup?

title=Spatial%20and %20seasonal %20variability%200f%20the%20mass%20concentration%20and
%20chemical%20composition%200f%20PM2.5%20in%20Poland&author=W.%20Rogula-
Ko0z%C5%820wska&author=K.%20Klejnowski&author=P.%20Rogula-
Kopiec&author=L.%200%C5%9Br%C3%B3dka&author=E.%20Krajny&author=B.%20B%C5%82a
szczak&author=B.%20Mathews&journal=Air%20Qual%20Atmos%20Health&volume=7&issue=1&
pages=41-58&publication_year=2014)

Ren-Jian Z, Kin-Fai H, Junji C, Zhiwei H, Meigen Z, Yan C, LeeShung C (2009) Organic carbon
and elemental carbon associated with PM;, in Beijing during spring time. J Hazard Mater
172:970-977

CrossRef (https://doi.org/10.1016/j.jhazmat.2009.07.087)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Organic%20carbon%20and%20elemental%20carbon%20associated%20with%20PM10%20i
n%20Beijing%20during%20spring%2otime&author=7.%20Ren-Jian&author=H.%20Kin-
Fai&author=C.%20Junji&author=H.%20Zhiwei&author=Z.%20Meigen&author=C.%20Yan&auth
or=C.%20LeeShung&journal=J%20Hazard %20Mater&volume=172&pages=970-
977&publication_year=2009)

Ren-Jian Z, Jun-Ji C, Shun-Cheng L, Zhen-Xing S, Kin-Fai H (2007) Carbonaceous aerosols in
PM,, and pollution gases in winter in Beijing. J Environ Sci 19(5):564—571

CrossRef (https://doi.org/10.1016/S1001-0742(07)60094-1)

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Carbonaceous%20aerosols%20in%20PM10%20and%20pollution%20gases%20in%20winter
%20in%20Beijing&author=Z.%20Ren-Jian&author=C.%20Jun-Ji&author=L.%20Shun-
Cheng&author=S.%20Zhen-Xing&author=H.%20Kin-
Fai&journal=J%20Environ%20Sci&volume=19&issue=5&pages=564-
571&publication_year=2007)

https://link.springer.com/article/10.1007/s11869-015-0353-4 9/11


https://scholar.google.com/scholar?q=Watson%20JG%2C%20Norman%20F.%20Robinson%2C%20Charles%20Lewis%2C%20Thomas%20Coulter%20%281997%29%20Chemical%20mass%20balance%20receptor%20model%20version%208%20%28CMB8%29%20user%E2%80%99s%20manual.%20desert%20research%20institute%20document%20no.%201808.1D1
https://scholar.google.com/scholar?q=Watson%20JG%20%282004%29%20Protocol%20for%20Applying%20and%20Validating%20then%20CMB%20Model%20for%20PM2.5%20and%20VOC%2C%20EPA-451%2FR-04-001%2C%20December%202004
https://scholar.google.com/scholar?q=Watson%20JG%2C%20Chow%20JC%20%282014%29%20The%20role%20of%20receptor%20models%20in%20creating%20a%20weight-of-evidence%20emission%20reduction%20strategy%3A%20analytical%20and%20procedural%20approaches%2C%20presentation%20in%20FAIRMODE%20technical%20meeting%20-%20WG3%20source%20apportionment%20workshop.%20Kjeller%2C%20Norway
https://doi.org/10.1007/s11869-013-0222-y
http://scholar.google.com/scholar_lookup?title=Spatial%20and%20seasonal%20variability%20of%20the%20mass%20concentration%20and%20chemical%20composition%20of%20PM2.5%20in%20Poland&author=W.%20Rogula-Koz%C5%82owska&author=K.%20Klejnowski&author=P.%20Rogula-Kopiec&author=L.%20O%C5%9Br%C3%B3dka&author=E.%20Krajny&author=B.%20B%C5%82aszczak&author=B.%20Mathews&journal=Air%20Qual%20Atmos%20Health&volume=7&issue=1&pages=41-58&publication_year=2014
https://doi.org/10.1016/j.jhazmat.2009.07.087
http://scholar.google.com/scholar_lookup?title=Organic%20carbon%20and%20elemental%20carbon%20associated%20with%20PM10%20in%20Beijing%20during%20spring%20time&author=Z.%20Ren-Jian&author=H.%20Kin-Fai&author=C.%20Junji&author=H.%20Zhiwei&author=Z.%20Meigen&author=C.%20Yan&author=C.%20LeeShung&journal=J%20Hazard%20Mater&volume=172&pages=970-977&publication_year=2009
https://doi.org/10.1016/S1001-0742(07)60094-1
http://scholar.google.com/scholar_lookup?title=Carbonaceous%20aerosols%20in%20PM10%20and%20pollution%20gases%20in%20winter%20in%20Beijing&author=Z.%20Ren-Jian&author=C.%20Jun-Ji&author=L.%20Shun-Cheng&author=S.%20Zhen-Xing&author=H.%20Kin-Fai&journal=J%20Environ%20Sci&volume=19&issue=5&pages=564-571&publication_year=2007

10/23/2018 Source apportionment studies in six Indian cities—drawing broad inferences for urban PM10 reductions | SpringerLink

Wen-Jie Z, Ye-Le S, Guo-Shun Z, Dong-Qun X (2006) Characteristics and Seasonal Variations of
PM, 5, PM,,, and TSP Aerosol in Beijing. Biomed Environ Sci 19:461-468

Google Scholar (http://scholar.google.com/scholar_lookup?
title=Characteristics%20and%20Seasonal %20Variations%200f%20PM2.5%2C%20PM10%2C%20
and%20TSP%20Aerosol%20in%20Beijing&author=7.%20Wen-Jie&author=S.%20Ye-
Le&author=Z.%20Guo-Shun&author=X.%20Dong-
Qun&journal=Biomed%20Environ%20Sci&volume=19&pages=461-468&publication_year=2006)

Shen Z, Cao J, Zhang L, Liu L, Zhang Q, Li J, Han Y, Zhu C, Zhao Z, Liu S (2014) Day—night
differences and seasonal variations of chemical species in PM10 over Xi’an, northwest China.
Environ Sci Pollut Res 21:3697-3705

Google Scholar (https://scholar.google.com/scholar?
q=Shen%20Z%2C%20Ca0%20J%2C%20Zhang%201.%2C%20Liu%20L%2C%20Zhang%20Q%2C
%20Li%20J%2C%20Han%20Y%2C%20Zhu%20C%2C%20Zha0%207%2C%20Liu%20S%20%282
014%29%20Day%E2%80%93night%20differences%20and%20seasonal%20variations%200f%20c
hemical%20species%20in%20PM10%200ver%20Xi%E2%80%99an%2C%20onorthwest%20China.
%20Environ%20Sci%20Pollut%20Res%2021%3A3697%E2%80%933705)

Copyright information

© Springer Science+Business Media Dordrecht 2015

About this article

Cite this article as:
Gargava, P. & Rajagopalan, V. Air Qual Atmos Health (2016) 9: 471. https://doi.org/10.1007/s11869-015-0353-4

e Received 24 February 2015

e Accepted 03 June 2015

« First Online 19 June 2015

e DOI https://doi.org/10.1007/s11869-015-0353-4
» Publisher Name Springer Netherlands

e Print ISSN 1873-9318

e Online ISSN 1873-9326

e About this journal
» Reprints and Permissions

Personalised recommendations

https://link.springer.com/article/10.1007/s11869-015-0353-4 10/11


http://scholar.google.com/scholar_lookup?title=Characteristics%20and%20Seasonal%20Variations%20of%20PM2.5%2C%20PM10%2C%20and%20TSP%20Aerosol%20in%20Beijing&author=Z.%20Wen-Jie&author=S.%20Ye-Le&author=Z.%20Guo-Shun&author=X.%20Dong-Qun&journal=Biomed%20Environ%20Sci&volume=19&pages=461-468&publication_year=2006
https://scholar.google.com/scholar?q=Shen%20Z%2C%20Cao%20J%2C%20Zhang%20L%2C%20Liu%20L%2C%20Zhang%20Q%2C%20Li%20J%2C%20Han%20Y%2C%20Zhu%20C%2C%20Zhao%20Z%2C%20Liu%20S%20%282014%29%20Day%E2%80%93night%20differences%20and%20seasonal%20variations%20of%20chemical%20species%20in%20PM10%20over%20Xi%E2%80%99an%2C%20northwest%20China.%20Environ%20Sci%20Pollut%20Res%2021%3A3697%E2%80%933705
https://www.springer.com/journal/11869/about
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&copyright=Springer+Science%2BBusiness+Media+Dordrecht&author=Prashant+Gargava%2C+V.+Rajagopalan&issueNum=5&contentID=10.1007%2Fs11869-015-0353-4&endPage=481&publicationDate=2015&startPage=471&volumeNum=9&title=Source+apportionment+studies+in+six+Indian+cities%E2%80%94drawing+broad+inferences+for+urban+PM10+reductions&imprint=Springer+Science%2BBusiness+Media+Dordrecht&publication=1873-9318

10/23/2018 Source apportionment studies in six Indian cities—drawing broad inferences for urban PM10 reductions | SpringerLink

1. Association of outdoor air pollution with the prevalence of asthma in children of Latin America
and the Caribbean: A systematic review and meta-analysis

Orellano, Pablo... Vasquez, Julia
Journal of Asthma (2017)

2. Assessment of co-benefits of black carbon emission reduction measures in Southeast Asia: Part
2 emission scenarios for 2030 and co-benefits on mitigation of air pollution and climate
Permadi, Didin Agustian... Vautard, Robert
Atmospheric Chemistry and Physics Discussions (2017)

3. Effect of outdoor air pollution on asthma exacerbations in children and adults: Systematic
review and multilevel meta-analysis

Orellano, Pablo... Vasquez, Julia
PLOS ONE (2017)

Want recommendations via email? Sign up now Powered by: Recommended R

SPRINGER NATURE

© 2018 Springer Nature Switzerland AG. Part of Springer Nature.

Not logged in Not affiliated 203.82.37.162

https://link.springer.com/article/10.1007/s11869-015-0353-4 11/11


https://www.springernature.com/
https://www.springernature.com/
http://recommended.springernature.com/recommended/
https://recommendations.springernature.com/recommended/#email-signup
https://recommended.springernature.com/v2197/redirect/UePn6cLqnC32o_91Bijc3hfP2yjBv7BI005NIuSKiJL115z5EvENSRybAmwnQPZYeiJo6cy76xyF-0tFsDzgeXFr76BywtFQOyRxNgV5eIjERCDLp9zemT2Z9zFzu-ndkvpfhk9fnh9bMUgPD0Tx02XI7QtNxL2oUkzjIgv8afge4ZLWCJVGt66R5JZO_JpfjRZYNi37Rmb9HDxZHs3-OcDODwDrnzb5we1bnxCQkX411eHLu4si0lzzsLi-TbWAo_753OxD-ipaVwfVzZV6fvMC_ZQlAZHXHorO_ck_6HFqOBmzk3nfWYlVkqEdkUXRs9hnep2qpAWGZMEJnpRsnfGAUJcU_AZQVCniR33ceAtVjBVuHmVrjd2STSdWtCrR_obCE4iIak0DuzC_6MRhDzBsf9bX4qLiw4n9la_gP-kDisCPt2WJVH0f6dv2ETLZNRRJ6mr5DjJ_41Ef9BHnHYFw317zTTZ-CUVKnqOGwQvmby4IyAevHDi7St2OHIEk49QIfDK_qiBodYlDuFwDUNeG0VhPYEPQ38m8tHN4RJzmQVKqYDc6ZroPpK9tYQ7N1BjgyS6jPCE59BYwxQJsi4MNWf8EY2j4Gxp9vhHWd6wNyPotyjvR--YZ35rcEghB3yv-tLaUO3HuTGTtMHz4dtsrF63RcCa0sBAgzfHSi-cfcSnMrFE1CXyIZ-_Nsp4vQw5uKyApfgfm1tovySoiGo5t9P3w4hkBnbechq89l3BsRd9dL-0bg-ULpHPPlnM6NIDxapnUzVTZGyOB6Wscyp1b7eKQGr_TKNhUf1TENWD4whiBewV1j4OfuieN6a_TdT0gDx_YIHmJ3jRx8B9lP1kQaH-JcOQxzFKNWA8dIo_a7Xbvk5bf7Kg33fwa3RlWBS_WAKW9ey4XIse-DoLI_PuSOlwdoT-FscyjGWJ8ai5c0pE_f8Cc4WSnNmPYWw5D7q6aviiAIdnVn6Epmuoxsu9FKgbvIb7WNVxANB2pDc4Bv0wDF7ISBCYGZswoOyRSdaEq22S-opxKLLVpULidLNMjTmpEjwe4ThyD0QecgTIJyCYn3ZG2a8P180cn2d7AhQ_Qy3Gpb7EX6e-Oai15x8QlqPZ-M8fkrD-PZiQDqlBQ3sZm65H62x0NRV2ZAz_z
https://recommended.springernature.com/v2197/redirect/i4goe1jbyXArotQxAjN9ASMz1tWUpMXl9p500LvhcyJeFpytK8EQhUonmtK2qB935-wQfSCiGs-BRefbEniqZRcNiTRuxY1aG-1uYwootEDm1jIDd5tFBhhglShYDGAsEIeVw3JcpKdewS63Y1s_7vG4Za3QA9qWkpW5g7L71LCPHKUG6EPZ4UhdsX6bUDx_7adN6DOU7e19N7XqLqW90R85QeXOwqCS6PMtNjeszz8PqVanREpvXI0H5b0Vlx4X4xXIBmEaoYc5Kozf1C_31lunp9BT_-qJw8QUWZ_B74dTJ6twIU2INPsr4QjYSZcWs9hnep2qpAWGZMEJnpRsnW5eYugAByrntKfIq6Yp_DslhzoQp1sVvA_KqWC_aqRPuirSe4-m0OSTgG_AQlwv8WBo0tyETDQPhAySu1OwsUVwxKlr03y-ZqFHD-pukD1sIqdyurCCZBZri0KeLbHMcXbHeYH3b0VUdw7GZeMmMuEx6xn9nG0B4Advc3J67c37Q6P3tzMSMsv9QGV4oDFRyhKaqn0ZzvBwCyiwf2g0xlqUVe8mZho5wN7gTc3MfqwT8L-hG0jpVu1DgSvgEIAZ5IaETrIw3ilU7sjGN4S5LaUU74Q3S9-ZRS_WHQ39g9fU9tujFdYxGKjzwJEjlGtfnue1z5dpYcn-pbX9im02YwkVof7TkmBYIkeY3mgGTT4CzBD2B91Iqyo2R0w_aIdtNPgjNma3Cm5lm3UUJmOLUYCprYuxcd2lBgRnffyP0TCLLSSLPk9NjVE5yylqP_mAYSYp-FXlyZdku6oYHtoj8qPy8n8XLsG2FDeDasNUbWwMTo1caY7MznjSGsQ_1N3qjjwBS4rDSu-Hk83z1o3EQSDMEBDK9gc2Lm_ZclKO7Tr5oq5gPykbIazmB-kCZ7XenMMGBRSQuoYszbMwMfLU--yoDEUvHd8kVoiHzPy5DeqmJuGKCrmGPS78tvXI0XcJuzq5uESzZnzy0eXhKa-bgaToNUy9pgDEnNRl3OTId4Y_jc6dWO_dJSdxuHCEvc_pxz1HlbX_seFYtUd4Z6diQZDc672lMtTt5SK_lDlsI2muvUDkOS7foojQTCzLFqGFlH-HHSaVvs1RR3SYS8ch9zE%3D
https://recommended.springernature.com/v2197/redirect/iZGn7lZJP4YIDkDQ_676oQaZ3jaRoYkjckXOP-QUZ-JeHvjwymTA86WivoZm_NXOg4T8Hn_Tjp-abtcgVaYonHyS1QXbgMKJUl2-FzRR94QHqL7_39GX2FN6zuxwGnaqs8MDWEdDBkXPUis2Crpyl7NxenTGUwsTfE3OwvSj6lHrL0jtgr3uyrsgJZUSq7QxC4rt4NsVk7InfG8LXvXwPXL7jVcB3uRAvAgqJMIEKWVZhd_jeKd9Tee8MlA9gZX5j2h6l-1x-_0-hwizdqb9ZvdQB2kin3FtSC88QwgsHjhG7o55eIP7lsk0cEWyUcjrCIpUOgFU3REfC5jkXSzmTnZQtBlifVYOUXlCehDuAxIRlV6Qo74pIVpkjGJujAUp46w7A0Kp86wlaZZT9-7R7drOl7SQBR6BxAwUnko97sQee4jzyIasBBPv5dkDcOnbz1YQ_F5uoczddord9T6i0XrqU0adUe7IzMECcZXmjj2hYtnjJQ0t1k-Tng7jhsdyx3s-ZP3hKoQf02oLGj-xhNLiy5iB2TwaVbEcgDgUVmjgWKplSHnAjJ-CxNri9_SCc5Rs0bMkIgF2aAsdZdyrduGth77jXtCftE7g1ekgQV22JoVLUUbP-NwRmPPpZu5hUpi26mWaP3Inm4BjO6tJlpaRyJLvutWtBtNz4cz9ipQvddQ7thJ2V3H1AY28hzlLlABnSSYzYy2QIi-0aQHXhmP0xa3FSKiltmblNyjiBsNG-DOkNXfdk-D2ka3tW2cGk_7XHKo8TablGt7s6psG6MJKo1RbcpVAKMmTvU4wyYJDkKs8n2O9CNES17mLwHTzbAofcP1AWmq2OONkHuIsmy-Be8x-Rk8P9kgKk5hYSRU5uNTIoWrIM36Dnp0nPArL4P_3hzOYMat2Wwn4DYT4xinDjsSvtzSzqcRTQqFTaJdNRB76phUQGpExxTpPNyLIOX9Mmit3ge2A-MClVzG5oNd-ussqj7hzwLn7sqmnwtJpiAcKfdjavAkNBPmSEPuZtxiWLfNkXaizc4Zhv1qrb8aOYr88vKoP_4XyXhophWCPiB6cJnJksOfqLhaHkoxt_3GM9AizOFtyF6bQ9QfIphFWSGepTlqnW_KZu7xgLNA%3D

