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ABSTRACT

Continuous measurements of particulate matters [FM25 and PM10) and trace gases (O, NO
NO. and CO) hava been carried out at 3 different sites over Delhi to evaluate the ambiant air
quality -of city during October 2010 to March 2013: The annual average mixing ratios of ambient
0, NO. NO. and CO were recorded as 238 + 10 9.ppb. 270 =
+ ﬂ £9 ppm r&apa:muh The sezsonal variation of these trace gases (O NO. NO. and CO)are:
pominent with different amplitudes st these sites of Dalhi The linear carralation of surface 03
with NO. NG. and CO suggests that the precursor gases have influenced the magnitude of Q.

The ennual average concentrations of FM2 5 and PM 10 over Delhi are recorded as 1460 £ 720 pg
m=3 and 2457 £ 1121 yg m-3 respectively, which sxcesd the values of the-national ambient air

matfers. frace gasss ambient air guality, spatial varsbiity

15:@ ppb, 16.3 £ 6:8 ppb, and 1.62

Introduction

It has been recognized that megaciies play
significant role in atmospharic chemistry. Several
coordinated absarvations (MEGAPOLI-CORDIS,
MIRAGE: MILAGRO, IPAC-NC, REPARTEE eic)
have characterized urban alr quality, smission of
couple of megacities (Mexico, New Yerk, Beijing,
Tokya, Paris =ic) and their impact an regional
climate Thera are approximataly ~20 citizs having
population sxceeding 10 millien werldwide
Accarding to the United Nations, halfof the warld's
population now Uves in citizs. In futurs the numbar
of meaacities and thelr population density will
ingreass considerably (United Nations, 2007). This
will definitely influence the atmospheric oxidizing
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capacity local and regional levels Thersfore, ithas

become essantial to dayelop and evaluats
integrated matheds to improve the megacity
emission daia, investigate physical and chemical
processes

Delhl is distributed over 1484 km2 with
population density of 11450/km2 and sumounded
by highly Industrialized National Capital raglon
(NCR) with pepulatien density of 1050/km2. The
sgurces of atmosphearic pollutanis arelocalizad and
heterogonous and depanded on season (Gurjar &t
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al, Z004; Goyalstal . 2006, Nagpure etal 2013,
Mohan 2t al | 2012) The combination of factors
including industries. power plants. domeastic
combustion of coal and blomass. and transpert
(diract vahicle exhaust and Indisect road dust) is
contributing to ait pollution (Garg etal, 2006, Gurjar
ztal 2004 2008) To mestthe challenige of urban
growth (from 13.9 miilion to 16.6 millior in 2007) in
Delhi, several steps (introduction of CNG in public
transport, ralocation ofindustries and introduction
of Metro transport atc) have been initiated Even
though, the total vehicle population in Delhi has
amountad fo mora than thal of three meiros,
Mumbal Kaolkata and Chenrai, pul together In
2021 the projected population will be orderof23.0
million Assessment of pollution leval in Delhi is
=ssential to mitigate the continuous 2mission within
Dethiin addition fo the advection of pollutants from
NCR region and keap closet 1o pristine form (State
Environment Report for Dalhi, 2010)

Earlier mest of the study en air quality in Delhi
i= based on sparadic single station monitoring dats
which could nat explain the spatial heterogenaity
of atmospheric chemistry over Dalhi coveted with
residential industrial and trafficcemmercial zene.
Thess data ars mastly collacted under indivicual



research project. These studies (All et &, 2004
2012; Ganguly. 2009; Chelani 2009 Kumari, 2013;
Saxena and Ganguly, 2011, kal, 2007, Jain et al,
2005, Ghude et al, 2008) show the accasional
octurrence of very high surface ozone (~100 ppby)
during summer and some special svenis 2
Ciwali, irrespective of location svar Delhi In
addition, it has alsc been observed tHat emissian
of primary pailumms could not only be responsible
for the precursor gases (CO, NO,, VOCs) for the
0. production but also for the: local atmospheric
chemistry Coordinated oksarvation of precursars
gases (CO, NO, VOGs) is absent aver Delhi
excapt faw individual efforts (Singh et al, 2012
Tarsoliz et 3l 2011 Panditetal 2011, Padhy and
Vasshney, 2000, Srivastava, 2005)

During Commanweakn Gamas. to forecast and
nowcast the air quality Index, obhservation of
atmospheric palutanis had been initiated atten sites
of Delhi. Several research articles through
develepmeant of inventory, observation and
madeling (Beig et al, 2013; Marrapy et gl 2014
Sahuatal 2011, 2012; Gargavaatal, 2014 Allst
al 2013, Chate et al 2014) reportad the air quality
of Delhi particularly during Cammonwealth Games
at these sites . However. the shont period result
(Septsmber-October 2010) depicis ths
anthtopogenic chamical picture af Delhl which
confirms earlier obsemvalion. Similar efforts were
made by ressarch group from China during 2065
Befjing Olympic Games (Wang at-al 2008 200%a
20090, 2010; Sirest ot al Z010) However, long
period dats with network of observations are
ecsaniial as the growing pupula‘ﬂﬂn and human
activities increase the atmoespheric pallution which
i5 2 g the cause of the dense fog ‘smog and haze

during winter season (Decaember and January)

every year [Singh stal, 2004 2005) and seasonal
changes in damand for fuel and natural poliufion
result in differing sources during the summer and

the winter months

In this study. we presant the spatial-ssasonal
variations of surface 0. NO, NO, and CO along
with particulate matter (PM10 and PM2 5} over eight
different sites: of Dehi during Getober 2010 to March
201310 evaluate the ambient airquality of the mega iy

2. Methodology

2.1 Description of sites:

Surfaca O, NO, NO, and CO ware
measurad SITI'II.I“EHEEUB]_,‘ aleng  with
part'icufa!e matter (PM1D and PM25) at §
differant sites (CV Raman (Site 1), CRRI (Site
2); Delhi University (Sita 3)) IITM (Site 4}, IMD,
Aya Magar (Site 5), IMD, Lodhi Road (Site &)
NCMRWF (Site 7) and IGl Airpori (Site 8))
across the Delhi during Octaber 2010 to March
2013 as shown in Fig.1. The characteristics!
detailz of the sampling sites across the Dalhi
which genetslly reprasanls an  urban
atmosphere, surrounded by huge roadside
lraiflc are summarized in Table 1 Since we

‘consider traffic could be of the major sources

of pollutants in maga city lilke D=zthi it is to he
reminded that the total number of registered
vehlcles In the cily was of the order of 7 77
million in 2012-13 [Delhi Statisticzl Handbook
2012). This area is under the influance of air
mass flow from north-2ast to north-west in
wintar and from south-sast to South-west in the
summer In addition, Delhi experiences severs
fog and haze weather conditions and poor
visibility during wintertime. The occaslonai
securrence of dust storm may contribute the
presence of minaral dust significanily to the
agrosol loading in the summerims  The
tempearature of Delhi varies from minimum
(monthly ave ~ 13.2°C) in winter (Movember to
February) @ maximum (monthly ave: 38 6°C)
in summer (March to Jung) Tha averags
rainfall in Delhl during monsoon (July to
October) is of the order of ~825 mm

TABLE 1 DESCRIPTION OF OBSERVATIONAL SITES

Seasonal variations (based on daily averaged value) of PM10, PM2.5, 0., NGO, HD:' CO and CO,
at various locations of Delhi, India

Sites Nane of the locations Latitudes and longitudes Type

Site 1 CV Raman, Dheerpur, Delhi 28T3N, 7720°E Traffic

Site 2 CRRI. Delhi 2B 55°N. TT-28°E Traffic

Site 3 Dethi University, Defhl 28 69N, TT.21E Traffic and Institutional area
Site 4 IITM, New Delii 2B6.63°N, TT 18°E Traffic and agriculture

Site 5 IMD, Aya Magar, Delhi 2848°N. 77 13 Traffic and agriculture

Sile s IMD, Lodhi Read. Delhi 28 89N, TT 24E Traffic

Site 7 NCMRWF, Noida 28.63N, 77 36E Traffic and Institutional arga
Site 8 |Gl Afrpart, Palam, Dalhi 28 56°N, 7T09°E Tafflc
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Fig 1 Map of observational sites aver Delhi

22 Experimental setup

Mass concentrations of PM10 and PM2 5 were
continuously measurad using beta atienualion
particle monitor (BAM) (FH 62 T14, Wi Themo
Fisher Scientific Inc . USA) which uses the industry
proven principle of beta rays attenuatlon The
measurement principle Invelves emission, by &
small 14C (Carbon 14) element. of a constant

source of high 2rergy electrons known as:beta rays:

through a spot of clean glass fibre filter tape. Thase
beta rays are detected and counted by a sensitive
scintillation counter to determing a zerg reading
The BAM automatically advances this spotoftape
to the sample nozzle where a vacuum pump then
puliz a measured and confrolled amount of dust
laden air through thie filter tape loading itwith ambient
dust This dity spot s placed back between the
beta source and the detector thers by causing an
attenuation of the beta ray signal which is used te
determine the mass of the pariiculate matter on the
filler tape and the volumetric concentration of
pariiculate matier in the ambiem air The lower
detaction limit (LDL) of the instrument is around 1
ug m-3 with a resdlution of 0 1 g m-3. The spen
check ofthe Instrumant is automatic and is verified
hiourly.

The-mixing ratios of Surface O, NO, NO_ and
CO wera measured conting nua]y alﬂﬂgwﬂh
perticulate maiter (PMZ.5 and PM10) were

measurad over Defhi using anline analyzers: UV-.

based Ozane analyzer (Model 49i Mis. Therme
Fisher Sclentific Inc . USA) was ussd for
measurement of surface O, ai all the sites. The
precision of this analyzer Es 1 ppb and it was
calibrated pariodically against Purs Air Gensratar
(PAG) and traceabls cartified span gas (multi point
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calibration) with the help Multi gas calibrator, NO
and NO. were measurad using trace level NOx-
Analvzar (Model 421 Mfs. Therme Fisher Sdientific
Inc.. USA) basad on chemiluminescence method
with lower datection limit (LDL) = £ 0 050 ppb &t all
the sites NOx Analyzer was callbratad parindicsily
using PAG and cartified NO span gas (muitiplz point

calibration] with the help Mulli gas calibrator

Carbon monoxide (20} was: measured at all the
sites using non-disparsive infrared (NDIR) gas filter
correlation CO-analyzer (Modal 481 Mis. Themao
Fisher Scientific Inc , USA) The instrumen! was
calibrated periodically using PAG and traceable
certified CO gas.

In addition, the meteomlogical paramelars (e |
lemperature (accuracy £ 16C), relative hurm&ily
(RH] [accuracy £ 3%), wind speed {accuracy +
2%:) and wind direction (accuracy + Z2o) atc., ) wers
menitored at all the locations by automatic weather
station (AWS) The data from all the measurament
sites in argund Delhi were storaed in anline dats
acquisition system located a1 cantralized hub (IMD
Lodhi Road Sita )

3. Results and Discussion
31 Mixing ratios of Trace gases

The mixing ratios of surface O, NO, NO, and
€O were measured at 8 different sites of Defhi from
October 2010 fo March 2013 The avarage spatial
variations in mixing raties of surface O, NO, NO.
and CO with Intef-annual average values are
summarized in Table 2. Maximum avarage valus
of surface 03 (30.3 + 9.8 ppb) was observed at
Site B, whereas, fowest (188 £ 10.0 pph] was at
Site 3. The everall annual average mixing ratio of
surface O3 was recorded a5 23.8 £ 10.9 ppb over
Delhifor the study pariod (Tabfz 2) Sharma 2t al.
(2010) have also reported the mixing ratio of surfacs
O, at the orderof 23 4 £1.2 ppb atthe urban site of
Delhi during winter 2008 The average mixing ratio
ofambient NO was observed of the aorder of 1199
<+ 4 66 ppb with-a maximum value 41.62 ppb over
Delhi, whereas the average mixing ratio of NO2 weas
recorded as 9 67+ 3 25 ppb (Shama et al , 2010)
Atthe zamz obsarvational site Sharma =t al (2010)
alzo reporied the CO mixing ratio of the range of
0 81-562 ppmwith an average of 1 66 2 1.04 ppm.
Digthi being 2 mega city, higher value of surface of
sutface 0. waz expecizd than observed valus
because of vehicular emission consisting of several
(I, precursor-gases (NO, NO. CO efc) Combined
=ifect of photochemical production, advection
towards downstream, chemical desiniction eould
ba reason for such low value of surface O 5 Over



Delhi. Detalls:anslysis of 03 precursors (NO, NO.,
CO) will give an idea of photochemical production/
chemical destruction.

The highest annual average mixing ratig of NO
was recorded as 521 £ 35 & ppb at Site 2 followed

by 386 + 198, 2868+ 17.7, 2302177 210+
148, 194£123 173144 and 1622123 ppb
atSite 1. Site 6. Site’ 7. Site 8, Sit= 8, Sitz 3 and
Site 4 respectively. During study, the annugl
average mixing ratio of ambignt NO was recorded

TABLE 2

Averaged annual variations of PM10, PM2.5, O

NO, NO_, CO and CO_at various locations of

Deihi, India

Locations
Year

Sie 1 it 2 Site 3 Sit= 4 Sit= § SHe B Sit=T Sits &

P, (o ) . -
21 e P FERtsiSss FERSIAE 1EMNMLS EESaEF . FEEFE AdEE4ae s 1ERZeT33
H1x S08.8: 1402 2M2:3500 281 3HE40 220E1EEA  WESI0EE  05Smif8 IRIIeERR SFASsTHE
Average 2280810 ZAOFEIf44 2418931350 4158116 203.5x101.4  2dTeioTs o S54d4sa0132 P3O zE000
Bl Lun ey
2011 IR 1TRSST  EEINTGS. 1358s004 ZH8iEar J1ATS0E ITEBsTSE oo Feaznd
pen | i 14553 F  1ZDEE0T 111EHIDES- 12735854 11202705 L2 3aTIE 127 8821 147 Sa5RE
Ausrage {21872 5 12274758 133034855 172 2882 5 175 12659 152 E885 7 20122752 A2 44592
C f¥= o a
201 2o01.5 ot I 1T 15 1=1232 255188 3212168 g L S e 139470 31 l=mw
=z JEORES FEEHIE 215488 e S R ) e ¥ o ps T e Se0ETES TEAETE
Avarage Z3ai113 e o (=S 1222400 A 114 2B 12125 202407 212356 33458
M (ppid
=11 432423 2 E =313 Z2EH1E 200121 18.0=88 35 7£i54 SEH=12 o S
12 ER Rk e S35 =182 150458 145£123 14 L2 2852182 19.1£763 IS nsE
Hvarage el BF1 #3582 12 42423 1732144 1522123 2882187 2077 24 el
NG, [2p6) ) ) )
&1 et 220 372 123za% 1242907 Pieat 2432 14524 B o e
2= fe7e=a [T e 118536 Bo330  poly F o 8251 fOEE= 3 g E=ap
Evelages 245357 214 #8587 1212482 12,0281 126233 17 t2d7 127378 1B 5EES
S0 (pprl .
20150 1 4unEs 1871 =5 a3 1 &340 55 13545972 1855047 12840 4 1382+5 72 1472572
3 v el = .64 =021 1 =052 | 84081 1 E4=004- | BE=l kg 4B T3 | EERTEE
Avarage 1823068 163 0 &F 1220 65 1251+ 84 1.56x0.687 1. 4% 65 {5640 55 1662073

+ Standard deviation

as 30.7 £ 18.0 ppbwith large spatial variability over
Delhi (Table 2) Recently, Sharma 2t al (2014a)
have reporiad average mixing ratio of ambient NG
a5 15 514 9 ppb during winter 2012 whereas 217

+ 6.3 ppb during summer 2012:at a site of central
Delhi The minimum annual average mixing ratic of
NG, was recorded as 120 £ 8 1 ppb at Site 4.

whereas the maximum annual mixing tatio of NO.,

was obssrved 24.3 + 5 7 pph at Site 1. The-annual
average mixing ratio of NO_wasrecardedas 214
£87 121£62 126233 171277127279
and 18.5+ 6.5 ppb 8t Site 2, Site 3, Bite 5_ Site 6,

Sita 7 and Site 5, raspectively (Tabe 2) The annual
average mixing ratio of ambisnt NO. was recorded

as 16 3+ 6 8 ppb overDalti during the study. Mare

of legs similar value of NO. was alse reporied by

Sharma st al. (2014b) during winter (17.4= 1.4 ppb)
and summer{16 643 1 ppb) seasonsof 2012 over
Delhi Ghude et al (2006 showed that annual mean

O, conceniration was 26 ppbv with a range of houtly

-average of 7-67 ppbv in 2001
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The annual averags mixing ratio of CO was
recorded as 1,62 £ 0 69 ppm with non-significant
spatial variablity aver Celhi The annual average
mixing ratio of CO was recorded a1 Site 1, Sie 2,
Site 3 Sited. Sne 5, Sited, Site 7 and Site:8 wers
183+9658 163067 1284065,151+0384
190+ 067 1492065 166205%and 168
078 ppm, respectively (Table 2) Sharma el al.
(2010) have reported the average mixing ratio of
ambilerd CO as 1 662 1 04 ppm during winter 2008,
whergas 1 6+ 0.5 ppm during winter 2012 (Sharma
atall Z2012) af the sama sita of Delhi '

3.2 Mass concentrations of PM,, and PM,
The annual average mass conceniration of

‘PM10 was recarded highest (3544 = 113.4 ug

m-3) at Site. T whereas lowest at Site 5 (203.5
+ 101 4 pa m-3) during 2011 to 2012 The
annual average mass concentratibn of PM10
was recorded as 2289 £ 1219 2397 £ 124 4
2419 £ 1250, 2113 £ 1161, 24756 £ 97.5.and



2383 £ 968 ug m-3 8t Site 1, Site 2, Site 3,
Site 4. Site & Site 7 and Site & respactively
The annual avarage mass concentration of
PM2 5 was recorded higher (2018 £ 752 uag
m-3} at Sita 7 whereas lower at Site 2 (1287 =
758 pg m-3) The annual and inter-annual
concentrations of PM10 and PM2. 5 masses
are summarized In Tahle 2  The ogverall
average mass concentrations of PM10 and
PM2.5 were racordad as 2457 + 1121 and
1460 £ 72 6 pg m-3 respectively over Delhi
during the study. Thes annual average
concentrations of PM10 and PMZ5 masses
varying spatially ever Delhi during study may
be dus to source sirength of PM  and
mateorological cenditions of the observational
sites.  Hacenily, more or lass  similar
observations were slso reported by several
researchers over  [elhl  however, the
concentrations of PM10 ‘and PM2.5 reported

by them based on single observational sites

(Tiwar et al . 200% Perring 21 al . 2011, Tiwari
et gl , 2013; Mandal et al_. 2014, Shama &t al..
2{}'[43} Sharma st al. fEDHaj have reported
the average mass concentrations of BM10 and
PM25 a5 1933 £ 271 and 151.1. £ 26 1
3 respectively aver Delhi during winter
whereas Tiwar et gl [2009) have reported
annual average concentrations of BM10 and
PM25 3s 219 £ 84 and 97 + 58 pg m-3
respectively over Delhl The annusl averags
mass concaniraticn of PM10 were recerded as
2807 £ 12610 pg m-3 over an industrial area
of Delhi during 2011 (Mandal e al , 2014)

33 Diurpal and Seasonal Variation of Trace
gases and particulates
o, N8

2 shows the diumal variation of surface
NO, and CO at B differart sltes of Delh
durmg winlar. summer and mMonRsoon Seasons

Average daytime mixing ratio of surface O3

was recorded as 316 = 1564 ppb, wherzas,
average nighttime mixlhg ratie was recorded
as 13,7 £ 3.0 ppb during winter season -Among
tha seasens, the highest average daytime {44 3
+ 152 pphj and average nighttime {132 x 78
ppb) mixing ratic of surface O, was recorded
during sammer (Fig.2), whereas. the minimum
average daytime (31.6 surface O, was recordad
during winter HDuring monseon season the
dayfimie mixing ratic of sudace O was recorded
as 353 £ 145 ppb. wherzas average nighttime
mixing ratio was recordad as 155 £ 4.5 ppb
over Dethi. In the present study, significant
diurnal variation of surface O was obhsernved
all the sepasans (Fig 2). The maximum mixing
ratio was mosily recorded batween 1200 - 1808
h during all the seasons. Higher diumal

5812
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variation in average mixing ratio during
dayiime may bs Ertn%utad to a sharp increasse
in Q. production during the day Jain &t al.
(2005) has alsa reportad \regr h:gh 03 mixing
ratio during the bright sunny oays at Dalhi The
daytime increase |n B, mmfng ratio is due to
aclive phnln:h&mlslr_f of ozons precursors
Variation In O, mixing ratio is also Influenced

by bounda layar processes  reglonal
emissien, ong rfange ftranspert and
metzorolegy The boundary layer heiaht

Increases after sunrise reaching a8 maximum
during noontime and descends after sunsel
The seasenal average rnF:-:i’n ratios of surfacs
0, NO, NG2 and €O along with ranges
I_mlmmum and maximum) these lrace gases
over 3 different sites of Delhi are summarizad
in Table 3 The average mixing ratio surface
O, was recorded as 206 £ 100, 286 £ 11.3
and 282 + 114 ppb during wintar, summet and
monsaon seasons over Delhi
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TABLE 3

Seasonal variations (based on daily averaged value) of PM10, PM2.5, O, NO, NO,, CO and CO,
at various locations of Delhi, Indiz

Locations
Seaszon
Site 1 Sit= - itz 3 Zit= & Site £ Sit= £ Site 7 Site §
FM,, [z 1)
Wemer 351 7ETES0 FIOE=iSZ MVUSsNE4 28 Ts1310) EHBsI0Re ZTESE1287 25D 0S1E04 23EDaGEA
(B350 0 (E15924 % (S063S301) (T6S-E3T 4 (AGEEDLY) [BTOT2G0) (IR47HE [(31535540)
Simrrngs Z12.14555 244241108 MES:0AC 1SS 22825  1550e513  1EGSeDES 1D 4#V03 5 WTRRETIM
(453407 3) (51505487 (BU6-57T7)  (E25-5337) (2058048 (I7.2-5528; (@TAO1E7) (2353581
Monsonn 303870 1EAE50 WIANI00 1333804 ANESOE 1832l 124EF5 ITEtilT
(1252-582:5) (2284350 (23.0-5%08) (2OL-EOYE| (S42-332F (4014585 (D1E2=5524) (11548387
P, lia'm™)
Wi ber FOREES3S  1TE8=E30  BO31£543 IB3:3:S52;  159.3:570  1B5S:559 208521633 144.0:70E
(FXT43T) 2824877 (BEARTS) (2584554 (3ETAGT Y T4 Mo Med) (58 FHTH
S TEZ=EET  BEEIAGT grissT4  Doesan3 TETEIIT  S4BaETE | BTTHEE 133
ZF23307) B11-STes; (02307 (ER0-38605) (3453433 [EEDGEEl (s Soes ) (FERET L)
Mor=oon IE30SnE  HITEETR TTREEE  fT s 13GEET005 OTZESIS 120115 IBEMSTE
(A3 234207) (B4S45T.T) (24.44515) 1054554 (DLO£57 3 (SO:042E) {ETE-4108) (FO8-302.8)
G, (=pm) .
Wengr 1DREET 54 203 157103 1T 8553 PAHIDS ZESRN1E TR24AT Meaad
(43425 {53-324) | 8-22.5 (334E5 (21843 (28553 (365§ (24556
Simrmar 254¥123 2543123 PEA4SD 3432138  FFEED BEOEME  Z4SSNLE 302182
m-swn (EERR (4544 5; (£37125 BA4ET)  (F04ET)  EESs (3SR
Morsieon 252:128 88 2122 BEIEE 223340 ZEd4=Ec 213 EF 2432127 2BEN0z
(HEETIE  (2480) [EEE-E8 [45E24) E35E8 (328D (4TE5T  (TEE-53T)
MO (poii
Wiz 454:23T I3 3200  FBIFEAL 1572173 14 Ee2 128177 ATGEI1e 21Bk10s
(1257083 2187 2310w E3EE (T43En  (ETErd)  ESe BSsEs
Simernar A4 41T ETDATRR T4 24154 A Tsrra  ITESWMT  2EAMTE o152
(13280:3) (B3-108.7)  [20.824) [2:388.7) (BS488) ([3E-B57) (53E28E |EIFET)
Maonsians J1S=d0E:  #2ESITI 0 IPEETAR 158D 1BE21BE 102112 2PESTTE 0 1872153
oFes s (4EET B8-S {3581} FOEEE  (33sE2 QB.F8 ) =IEa6
NO, (eps)
Wirer ETEnEn MEeEED B2 15507 12542 3 #1.2i83 15:546 7 LB E2 e
E3355  Ea%EE [t 243 (2453 @ 32vE) (43524 (4E235 (EasEl
Simrrar ZTasiig’ B33 1pZ51 1811231 115225 1162108 143555 12asTa
(ET454 [E24E1) [tzzzm (7414 0030 2 [ES5IEI) (52539 (2a3hE)
Monzoon 242171 1Ee =0T 135204 21455 EER - Teska 1242704 235374
B 153 (EE-433) |20 (15385  (51-825 [12430) (4E=E0 (11328
COF (ppm) ) B
Wiz LSO TT 15T ah3E 1824007 2343009 1005 1UEE=RTE 183850 I
(B:42:4:95]  [013-270) (B6555F [UIIE43)  (els4En  DET-23E) (070383l (B.1B-5€8)
Simrmar 1.57:089 178 2023 158365 LI 1EE04T LFIEEEE  1Z3E0EEF L2200
(0903200  (017-458) (Dovr-ta0)  FRI-ESE)  IDEE330) (020380 0 F3-254)  (R.83-209)
Masisson L7305 1588 T 0ES=0TY 1163042 L3T083 e LEfed 20505
(045285 (014385  0N2Em (01esTY)  (D25ETE D 152ed (01270 (128-343)
= Sranian] devichon, VeSS W EoTieeeT aeE range -

During winter, the daytime mixing ratio of
NO was recorded as 214 £ 57 ppb. whereas,
tha night time mixing ratio of N was recorded
as 32.7 £ 56 ppb (Fig 2) Day time average
mixing ratic of ambient NO was recorded as
30.8 £ 52 ppb during summer wherzas night
time mixing ratio of NO was recorded as 381 £
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5.5 ppb Day time average mixing ratic (164 £
3.9 ppb) of ambient NG was recorded also
recorded significant fower than nighitims
mixing ratio {219 £ 3.9 ppb) of ambient NO
during meansoon season, A significant diurnal
variation of ambient mixing ratio of NO was
pbserved throughout the seasens (Fig.2)



During the entire paribd of study, the mixing
ratio of NO was obsarved high during nighttime
and low during daytlme An Increasse in mixing
ratio of ambient in NO, was also noticed during
marning (0708-7000 hy during winter seasens
and thereafter decreases 1@ & minlmum
throughout the daytime (Fig2), whersas
daytime dzcresze In NO2 mixing ratle was also
ebserved during summar and ‘monsoon
seasons. Jusl after suniige per-oxy acatyl
nitrata (PAN) breaks inte NO in suniight
Bacauss of short lifetime, NO rapidly converis
to NOZ in interaction with O, or Q, However,
due:to photochamical reaction, NCZ breaks into
NO and 01D, which produces O in the
presence of sunlight Betwesn morning hours
NO and NG, N{h} mizing ratie staried to
increase due to the emission of pollutants from
the vehicles &l most of the sites. During winter
season the convective activities and turbulent
mixing were weak which leads to lower
boundary height. Dus to lowar boundary layer
height, the mixing ratio of pollutants near the
surfsce incressas

The npighttime mixing ratic of ambient CTO
{2.93 £ 0.37 ppm) was recorded significantly
higher than daytime mixing ratio of CD (120 £

0.34 ppm) during winlsr season (Fig 2) Non-

significanl day and night timie variation In
mixing ratioc ef ambient CO was also abserved
at Dalhi during summer (daytima- 138 £ 0.23
ppm- nighttime: 162 = .22 ppm) and monsoen
(gaytime: 111 £ 015 ppm; nighttime- 1 48 £
0.26 ppm) seasons (Fig.2). Duning day time. in
prasence of UV radiation, CO reacts with water
vapar (H.O) producing OH radical and 018 in
tha and IF:adz to formation of suriace 03 In the
presence of sufficlent NOx_ In the presence of
maximum UV radiation, CO and low humidity

during day (1200-1400 h) indicates the:

possibility of photochemical reaction.

~ Fig.3 shows the diumal variation in
concentrations of PM10 and PMZ5 at &
different sites of Delhi during winter. summer
gnd mensoon seasons  Averzge daytime
concaniration of PM10 mass was recorded as
1803 £ 239 yug m-3, whersas, average
nighttime mixing ratio was recorded as 2758
+ 4489 pg m-3 during winter seasen ovar Delhi
Ouring summer the daytime concentration of
PM19 mass was recorded as 2169 £ 46 1 ug
m-3. whersas, average nighttims mixing ratio
was recorded as 2742 = 555 yg m-3 The

minimum averages daytime (130 4 + 21.7 yg m-
3) and nighttime (1831 = 314 uyg m-3)

concentrations of -PM10 mass was abssrved

during mensoon season,  The pighttime
concentration of PM10 masz was recordad
significently higher as compared with daylime
of PM10 mass during afl the ssasons over
Dethi. The night time higher concentration of
the observational site might be due to lower
atmospheric boundary layer and night time
temperature (Sharma st al., 2010). The
average conceniratien of PMI10 mass was
recordad as 297 0 + 1360 1985 +-91 1 and
187 4 £ 985 pg m-3 during winter, summer and
monsaon seasons {seasonal average for the
pariod of October 2010 to March 2013} over
Dethi. The seasonal average concenirations
PM10 and PM25 alongwith minimum and
maximum values (ranges) of & different sites
over Delhi ars summarized in Table-3. Average
daytime: concentration of PMZ2.5 mass was
recorded as 1378 £ 174 pg m-3. whareas.
average nightiime mixing ratio was recorded
as 159.8 £ 257 pyg m-3 dwing winter seasan
Dunng summer season, the average daytime
concentration of PM2 5 mass was recarded as
1372 £ 176 pg m-3. whereas, average
nighttime mixing ratio was recordsd as 1647
= 293 ug m-3. The minimum average daytime
(Thex 16:0 pg m-3) and nighttime (845 £ 132
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Fig.3 -Average diumal variations in mass concentrations of PM10 and PM2.5 at different sites of Gealhi
during winter, summer and monsoon seasons

TABLE 4
Seasonal variations (based on daily averaged va[uue} of PM10, PM2.5, 0., NO, NO,, CO and CO,
-at various locations of Delhi. India
B Locatiens
Seazon
Sits ) Site 2 Site 3 Si= 4 Site 5 St 6 Site 7 Site &
PM, (ug )
Winter 351721930 30521321 2015:464 201 TEIIN0 234621255 ITESIIST 3EI0s1504 23241083
(F33-e024) S135613 (5680 (85874 LR FTOTHO GE4TIE (2155940)
Summar 21212355 244221102 183D 12332338 15502815 D55 E 12148133 17T 8273
(4534573 B155048] (5565777 (EB5-5AZT) (235-0044) (TGRS (FASw1) (23330
Moz MOIE5T 0 13542853 16790 S 133 NS e INEEGS 13k 1RENTS IREIET
(VS5 E3525) (B2 435E; (ZALS100) [EOOSOTY) (342335 [HovaEsT @103A14) BLERT
PM, , lhig o) - ' - '
Whemis 1ED0ESSS 4735520 2D3sfdl R IE05T 15034570 15352253 U5 Ss1033 1240700
(24237 ([PRZ-4577) (BME4ET S| (COE4554) (IFHATE (344301 3454284 (IESITTI)
Simer TE32IET  BREsS0T 0 DE3+574 @450 0 TRTeIZE  B4STE  §TTsER TRIsEI
(E023107) 211276 (1ET-2307) (3203358) (3492833 msoeifi @55285) (E22-127.0)
Morsoon 150.65B3 % B TEETE  TT3EGE6  TTETO 1355s1008 9TZESS 1420s1103 1553578
(432i4237T) (P404ETT) (21.445£35) (2GE4554) (2404573 (200-23C1) (2TESED (TH53023)
o, (Bgal
Wanrger 198237 2543103 157203 1782538 1262106 2EE:1E 192407 286120
(43:48.5) (53508) (25486 (SIS (21847 (20:652) P68 (245§
Summar. B/4ZT |4 T3 8480 0 FLINZE O T:E0 0 230t 4EEnE 30102
@I O3ERE  (ARHT @BITES @47 BRET ReSD  (BIE0
Monsoon HEIe12E M sz Eada 3435187 482 2122115 345122 230m01
(1ESTLE 2480 (3isem; (45584) @368 (2830} (4757 (VES-570)
NO. (pok
Wimizr 4546237 B3 2200 2 ZETES0 1ET2ITE 1aZetd FrdetrT (FERNI@ 214m104
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Locations

Season
Site 1 She 2 Gite 3 Site & Site § 5ae § Site 7 Site 8
(1221533 221187 [ZES EFIEEE) BIET) QTG QESEH  [EEaT
S 13257 570 993 157552 5 ZI2s1z4 ZFRSIBT  28ielTE  PEOS53
(45883 [B108T  (BG58) (FE8ETT  iBeS88 [(3BET  15Es¥3) (BT
Mianscah F1EEERE 425 =I2 Z2ELIED 151480 1082427 138811E ZEEsETE iBEaEd
(103825 (33827 |4 5D (3-1-8811  (TO-922) (8583 (33048 (AZEIE
NG (epo)
Wintzr 2733150 239 =88 1832107, 15807 $23:34 243333 138257 2942107
EI585 G555 {1, =455 {272E T 23273 (¢ 3-E2a) (#5858 FEES
Stmmar TATIE T2EE3 1E2=51 15151 LAERT 1182108 183:5F 125272
(07-404) ip2-42v j£=213) {37-2t8) Pe202 =332 (B2-E34y 2ERG
Mo=con HH4s71 15§ E=ET 135:0% S 1255 R Tos33 1342108 23FET 4
(51-551) (¥s-&Ea) o zab (1535 01435 (18430) (F£51) (113835
co ealiil]
Wnr 1980TT 1STEEEE LEFs el 2FsanEE LEGI0EE 18Es0TE 18soSs ZiTsizs
(E42:405]  O3ETH (BASSSSY JOERESE)  (eEEdgT  NET42T) (0F2edl  (BoiB-5ER)
ST 1.57:08% 176 =033 1584055 180T 1Ee04T 1\ TI£08% 1232085 Bt £
WIRSZ0)  @ATESEE (74D (B:#3-5.66) (033330} [0:28-288) ([G1%&3154) (R45269)
Mgrssan 1722075 1520357 00E=0TE 11EDEE 1305 1SEsHac 1182858 D05
[OAF305 (0VE38E  (DAEIET (04473 M5 TE  [01E280) @EITe (.35

= Signdact devighon waless 0 p=niheses 3= s=nge

ug m-3) concentrations of PM2.5 mass was

gbzerved during monsoon season The
average concentration of PM25 mess was
recorded @s 1783 £ 803 B29 = 304 and 939
+ 890 yg m-3: The mass concentrations and
their seascnal variability of PM2 5 and PM1G
ware reporetad by several researchers aver
Delhi (Tiwari et al., 2009 Tiwarl et al . 2010,
Sharma et al.. 2013, Sharma et al.. 20%4 8. b)
based en the single Jocation Tiwan et al (2010)
had reported mass concentration of PMZ 5 of
the order of 97 0 = 560 ug m-J whersas
Sharma et al. (2014b) reperied mass
concentration of PM2.5 as 1581.2 £ 261 pg m-
3 during winter and as 942 + 246 g
dudng summer season of 2012 over De!h The
mass concentration of PM10 was observed as
2190 + 84.0 ug m-3 over Belhi during 2007
(Tiwari et al 2009) whereas, Sharma et al

m-3

significant anti-corselated during winter (12 = -
0 431), summer (12 = - 0.138) and monsecon
(12 = - 0 427) seasons. Whereas mixing ratics
of surface 2 and NC. werz non-significant
positively correlated during winter (,2 = 0.237).
summer (12 = 0.224) and monzoon (r2 = 0.283)
seasons  The seasonal variations of mixing
ratios of CO and €, were aiso anli-corralatad
during winter (r2 = - 0.597) summer (12 =

0.477) and monsoan (r2 = --0.480) ssasons.

Photochemical production of O, takes place
durmg daytime initiatzd by oxidation of its
precursors. O, praduction during day tifve s
driven by the photochemical reaction betwesn
hydroxyl radicals (OH), erganjc peroxy radicals
and NO, whils it is removed at night by dry
depnsmﬂn and destruction by alkenes and NO.

The conversion of NO to NO. by O3 duting the

i2014b) reporied mass concentration of PM2 5.

85 151.2 £ 26 1 pg m-3 during winter and as
942 ¢+ 246 pg m-3 during summesr season of
2012 over Dealhi

3.4  Relationship among {race gases

The correlation analysis of average mixing
ratio (all sbservational sites) of O vs NO, O,
vs NO, and O, vs CO had been carrisd oul
during winter summer and monsoon SeAsons
agver Delki In the present study, the mixing
ratios of surface O, and NO were non-
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night is the ﬁnnmﬁr reaction that increases NO.
at night, with the reverse occuming during the
day to increase O. and decrease NO, In
addition. the retatively low alr temperature naar
the ground at night could prevent the vertical
dispersion of NOx, contributing to jts
accumulatien and reﬁulilng in higher night-fims
concentrations Surface O, Is formed and
destroyed by a seres of reactions invelving NO
and NO, The O, and NCx mixing ratios shew
an Inverse rzlationship due to titration of ©
during daytime This is similar to obsarved in



other parts of the world (Chameidesz and
Viéalker. 1973, Silmans and West 200%; Sun
et al, 2011) According to phutm..hemma!
reaction, CO reacis with water vapor producing
OH radical and 01D in the presence of UV

radigtion’ and zads fo formation of dzons in the:

presence of sufficient NCx In the presence of
maximum sunlight (UV radiation) low CO and
low humidity during midday (1230-1400h)
indicates the pessibility of photochemical
reaction

4. Conclusions

In the present study the confinuous
measurements of surface O, NG NO. and CO
for the period of Uctaber 2010 to0 March 2013 had
besn carried along with particulate matter (PM10

and PM25) at & different sites of Dalhi As

expected. maximum surface O was obsarved
during summer followed by monsean and winter
seasons Significant diurna! varation of surface
0, NO and NO, was obsarved in all the seasons
at mﬂs‘t of the Dhﬂﬂwﬂt[ur‘rai sites of Dalhi The
linear correlation of surface O, with NO NG, and
CO reveals that the precursor gases have

influenced the mixing ratic of surface O al the

obsarvational sites of Bathi. Ths results reveal
that the annual average concantrations of
particulate matter (PM2.5 and PM10) present in
the amblent air of Delll and khave close link to
surface ozone values:

Acknowledgements

Authors are gratsful to (IMD) Ministry of Earth
Sclences for providing data of pollutant for sight
sites of Delhi. Authors are graleful to Ditectot
Genesral, India Meteorclogical Bepariment. New
Delhi for allowlng and encouraging and giving
the facility for this work Authors are thankful to
Directof. National Physical Laboratory, New Delhl

and Head. RASD for providing faciity for this.

studr One of authors (A: Shama) ks thankful ta
SiR and ISROQ'DGS for providing fellowship for
this study

References

Ali K. Chats, T, Belg.G. Srintvas R, Parkhi
N Satputz T Sahu, 5 Ghude 5. Kulkami,
S_ Surendran D, Trimbake H., Trivedi DK
2013. “Spatioc-Temporal Variation and
Depasition of Fine and Coarse Parliclas during
the Commanweaith Gamesin Dzihl” Azmsol
and Air Quality Research, 13, 748-7F55

Al K Inamdar. S R Belg G, Ghude S, and
Peshin. S K. 2012 "Surface czone scenarnio:at
Pune and Delhi durng the decade of 1980s J
Egrth Syst. Sci 2012, 121, 373-383

Al ¥, Momin, G A, Safai. P D Chate, DM .
and Rao, P- & P 2004 "Surface oFops
measuremants over Himalayan regien and
Bzlhi North India”, Indian Journal ofRadie &
Space Physics, 33, 391-398

Bslg, G, Chatg, DM, Ghude &, Mahajan, A5
Siinivas: R, -ALK.. Sabu, 5K, Parkhi, N,
Surendran, O Trimbake HR 2010, "Quantiying
the effect of air quality control measurss during the
2010 Commonw=alth Games at Belhi India™
Atmos. Environ., 80, 455463

Chameides, W., James C €. and Walker,
A 1573, "Photochemical theory troposphers
gzone" J Geophy Res 78 36-42

Chate. D.M. Ghude 5D . Beig G Mahajan.
A S Jena C. Sinivas R Dahiva A, Kumar,
M. 2014 "Deviations from the G3-NO-NO2
photo-stationary state in Dzihi, India, 2014"
Atmos Environ, 96 353-355

Chalani. A_B., 2009, "Siatistical persisiencs
analysis of hourly ground level ozons
concenirgtions in Dalhi”. Atmes. Res , 52
244-359

Cinzia B, Tiwari. 5., Catrambone M., Tarre:
S.D.. Rantice; E and Canepari, S, 2011
“Chemical characterization of atmosphenc FM
in Delhi. India. during different periods of the
year including Dheali fastival” Atmespheric
Pollution Ressarch, 2, 4187427

Gar}gu ,N.D., 2009, Surfacs ozone pollution
during thefestival of Diwall, New Delhl, India”
Journal Earth Science India. 2 (IV), 224 -229

Garg, A.. Shukla, PR, Kapshe M. 2008, "The
sectoral trends of multigas emissions
inventory of India” Atmes. Enviren., 40,
450874820,

Ghude, 5D Jaln SL Aras BT Beig G|
Ahammed, Y B, Kumar. A, and Tyagi B,
2008 "Ozons in ambient air at a tropical
megacity, Balhi- charactanstics, trends and
cumuilative ozane exposure indices”, J. Almes.
Chem,, 80 237-252

Girish.P.G_, Sahu, 5K, and Puranik, VD
2011, "Distribution and seurce apportionment

of atmesphenc non-mathane hydrocarbens in
Mumbal, India”™. Atmos. Poll Res | 2317236

Goyal, S K. Ghaige. 3V, and Nema. P S,
M.T., 2006, "Understanding urban vehicuiar
pollution problem vis-a-vis ambient air guality-
-case study of 3 megacity (Delhi, India]”

‘Environ Monit. Asses.. 119, 557-569



Gurjar, 8., Butlet, T, Lewrgnce, M_ and

Lelisveld. J., 2008 "Evaluation of emissions:

and air quality in megacities™, Atmes. Enviren
42, 1593-1648

Gurjar, BR_ Aardenne J A van, Lslieveld,
J., and Mchan, M . 2004, "Emission estimates
and trends {1990-2000] for megacity Delhi and
implications”, Atmos Environ. 38, 5663-5681

Jain, 8L Ara BT Kumar A Ghude 5.0
and Kulkami P 5 2005, Dbﬁmaﬁunalstudy
of surfaces nzunﬂ al New Delhi. India’

Intemational Journal of Remote Sensing 26.
3515-3524

Kumari, 5., Jayaraman. G, and Ghosh, C.

2013, "Analysis of long-term tzons i=nd over
Delhi and its meteorological adjustment” Int
J. Environ Sci Technel | 10, 1325-1336

Lal 3, 2007 "Tracz gases aver the Indian
reg]unn" Indlan J. of Radio & Space Physics,
36, 556570,

Mandal P Saud T Sarkar, R Mandal, A
Sharma. 5 K, Mandal, T.K. and Bassin. J K.
2014 "High seasonal variation of
atmospharic C and paniculate concentration
in Delhi, India”, Environmental Chemistry
Letters 12, 225-230

Marmpu, P, Cheng, Y., Belg, G, Sahu, &
Srinivas, R and Cammithael G R, 2014, "Alr
guality in Delhl during the Common Wealth
Hames® Almos. Chem. Phys Discuss. 14,
10025-10059.

Mittal M L Hess PG Jain S L Arya BC
and Sharma, C.. 2007, "Surface ozone Inthe
Ir%:n region”, Atmos. Environ, 41, 6572-
B584.

Mohan, M., Bhati, 5., Gunwani, P, and
Marappu P 2012." Ernassinninventnw of Air
Pollutants and Trend Anzlysls Based on
Various Regulatory Measures Over Megacity
Delhi™. Air Quality - Naw Perspective. 111-132

Nagpure, A S Sharma, K. and Gurjar BR.
2013, Traffic induced emission estimates and
trends (2000-2005] In megacity Delhi” Urban
Climate. 4, 61-73.

Padhy, PK . and Varshney C K 2000, Total
Non-methane Voiatile Organic Compeounds
(TNMVOC) in the Atmosphere of Dalhi®
Atmios: Enviran | 34 577-584

Prashant. G . Chow, }.C  Watson, JG., and
Lowenthial D H., 2014, "Speciated PM10
Emission Invenlory far Dalhi India”, Asrasol

and Ait Quality Research, 14, 1515-1526.

Sahu, S K. Beig, G, and Parkhi N 5,
2011 "Emissions inventory of anthropogenic
PM2 5 and PM10 in Delhi during
Commaoanwealth Games 20107 Atmos.
Environ 45 61805190

Sahu, S K., Belg, G, Farkhl NS,k Z241Z;
“Emerging pattern of anthropogenic NOx
emission over Indian subcontinent during
1980s and 20005, Atmos, Poll Res, 3.
2627268

Saxena P., and Ghesh, C: 2010, "Status of
Trnpcsphl%ﬂl: Ozene and Other anar',- Ay
Pallutants Aftar The Implementation of CNG
In Delhi”, Asiagn Joumal of Chemistry, 22 (10),
7493-7506

Saxana P and Ghosh. C.. 2011, "Variation
in the concantration of ground level szons at
selaected sites In Delhl” Intemational J.
Environ. Sci. 1. 1-T.

Shama, P Kuniyal J.C  Chand, K., Gulers.
R.P., Dhyani, P.P_ and Chauhan, T , 2013,
“Surface ozone concentration and its
behaviour with aergsols in the nonhwestern
Himalaya. India” Atmos. Environ., 71 44-53.

Shama, 5 K. A Datta, T. Saud, T K- Mandal
Y NAhammed BC Arya and MK Tiwari
Study on concentration ef amiient NH3 and
Interactions with other ambient trace gases,

Enviranmantal Moniloring and Asssszmenl
2010, 22(7), 1023-1028.

Sharma. S K. Datta A Saud T Mandal T,
Ahammead. Y N and Saxena, M, Arya, B.C_
2010, "Seasonal variability of amblent NH3,
N3, NO2 and S02 over Delhi®, §
Environmantal Science. 22{7).1-6, 2010

Sharma, S K, Kumar. M. Rohtash  Gupta,
N.C, Saraswalt Saxena, M. and Mandal
T K., 2014z "Characteristics of ambient
ammaonia over Balhi, India”, Mstearology and
Atmospheric Physics, 124, 67-82

Sharma, S K, Mandal, TK., Sharma,
Kuniysl J . C., Rohtash Sen & GhayasH
Gupta, NC., Sharma P Saxena M. and
Sharma_ A 2014b. “Characteristics of
particulates and tracs gases overthe westemn
Himalayan ragion of India™. MAPAN-Journal
of Metrology Society of Indis, dei10 1007/
s12647-014-0104-2

Sharma, S K . Pathak H A Mandal T K.
Datta A& Gautem. R . Saxsna M and Saud,



T.. 2012, * Spatial distribution of ambiant
ammonia over National Capfial Region, India”,
J. Scientific Industrial Research, 71(5), 360-
362

Sliman, 5 andWest, J J_, 2009 "Rasctive
nitrogen in Maxico City and its relation to
ezone-pracursar sensitivity, resulis from
photochemical models™ Atmos Chem Phys:
g 34773489

Singh R P, Day 5. Tripathi, S N Tare V.
and Hoiben, B, 2004 "Varability of asrosol
parameters over Kenpur, northem India”, J
Goophys Res, 109, D23206, doi:10.102%/
2004JD004565

Singh, A K Tomer. N.-and Jain, C.L 2012
"Concentration Of Velatila Organic
Compounds (VOCs) [n Urban Atmosphere of
Nationai Capital Delhi, India”, Inlernational J
Pharmaceutical, Chemizal And Blologlcal
Sciences, 2(2), 159-165 '

Singh. B P. Prasad, A K. Chauhan, 5 S
5 . and Singh, S, 2005 “Impadt of growing
urbanization and air pollution on fhe regional
climalz over India” Intemational Assodation
for Urban Climate Newsletter 14, 5-10

Srivastava, -A., 2005, "Variability in VOC
Caoncentrations in an urban arsa of Gefhl”
Envifon. Monlt. Assess. 107 3863-373

State of Environment Report for Delhi. 2010,
"Department of Environmeant and Forests”
prepared by TERI, TERI Press, 137p

Strests, D G Jang Fu, J. S Hag C J
He J.M_ Tang, K B 2010, Airquality during
the 2008 Beijing E}Iy'mpﬂes secondary
poliutants and regional impact’, Atmos Chem.
Phys.. 10, 7603-7615,

Sun, J. ¥.. Zhang, @ Canagaraina, M R
Zhang, Y. M, Mg, N L, Sun. ¥ L, Jayne J
T..Zhang. X C Zhang, X Y. and Worsrop,
D, R, 2016. 'I-Hgi‘llg\\T time- and size-resolved
characterization af submicron aerosol
particles In Beliing using an Asrodyne Asrosol
l{'léallﬁ?m%paﬂmmeiﬂr Atmaos. Environ | 44

Tarsalia, N, Chauhan S.K., and Anuradha,
5., 2011, "Excessive emissions of nan
methane hydrecarbons in Delhi™. CSIR -
NISCAIR 19(2), 188 - 1583

Tivward DM, Chate P AliK -and BishtD 5.

2012, "Variations in Mass of the PM10. PM2 5.

100

and FM1 during the Monsoon and the Wintar
at New Delhi®, Asrosol and Air Quality
Research, 12.20-29

Tiwari, & Srivastava. A K Bisht B.S. Bano,
T, Singh. S, Behurz, S Srivastava, MK_
Chate, D.M. and Padmanabhamurity. B. 2009,
“Black Carbon and Chemical Charactenistics
of PM1C and PM2.5 at an Urban Site of North
India”, J. Atmas, Chem &2 153-205

Thwarl, 5. Srivasiava, M K and Bisht DS |
2008, "Chemical characteristics of water
soluble compenents of fine pariculate matter,
PMZ25 at Delhi, India” Earth Sci India 1:92-
1075

UNFPA: State of World Poputation 2007
Linfeashing the Potential of Lrban Growth. 2007

Varshney, € R . and Aggarwal M., 1392,
“Uzone pollution In the urban atmasphere of
Delhl", Atmas. Environ., 26, 291-204

Wang, L. T, Hao, d M _He K B Wang. &
X . LiJ H Zhang Q. Streets, D. G Fu. J
S, Jdang, C J. Takekawa, H., and Chatani,
S, 2008, "A modeling t:lud;r of coarse
parficulate matisr polution In Beijing. Regienal
source contributions and control implicafions
for the 2008 summer Olympics™ J. Air Waste
Manage , 58{8}, 1057-1869

Wang, M Zhu T, Zheng, J ., Zhang, R. Y.,
Zhang, 8 Q. Xie:X. X, Han, Y. Q. and Li,
¥ 2009, "Usa of a mobile laboratary to
avaliate changes in on-road air pollutants
duting the Bejjing 2008 Summer Olympics.
2009", Atmos. Chem Phys 9, 824785263

Wang. & X.. Zhao, M. Xing, J Wu, Y. Zhou,
Y Lei¥ He K. B Fu L X andHao J M,

2010, "Guantifying the Alr Polistants Emission
Reduction during the 2008 Olympic Games in

‘Befling”, Enviran Sci Technal . 44(7) 2490-

2456

Wang, Y., Hao, J., McElroy M B., Munger,
J.W. Ma. H.Chen D, andNielsen C P
2009, "Ozone air quality during the 2003

'Beﬂmg [l-lymphs effeciiveness of emission

restriclions”, Atmos. Chem. Phys., 9, 5237-
5251

Wang, Y. McElray, M B.. Munger, J W, Has,
J. Ma, H Niglsen C P, and Chen, Y., 2009,
“Vatiations of 03 and CO In summertimes at &
rural site near Beijing” -Atmos. Chem. Phys..
8, 63558363



