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A B S T R A C T

Organic composition of total suspended particles collected from an open waste burning landfill site and an urban
site of Delhi, one of the most populated cities of Asia was studied. Among the organic compounds detected, fatty
acids were found to be the most abundant class of compounds at both the sites, urban (16823 ng m−3) as well as
landfill site (1218120 ng m−3). As a single compound detected (on average), levoglucosan (2925 ng m−3) was
found to be most abundant at urban site, whereas C18:0 fatty acid (76090 ng m−3) dominated at the landfill site.
Levoglucosan contributed up to 87% of total identified sugars at urban and 86% at landfill site, suggesting
biomass burning to be one of the major contributors of sugar compounds, and a possible influence of landfill
waste burning on urban aerosols. CPI value for n-alkanes was close to unity at both sites (0.81 at landfill and
1.27 at urban site) indicating the anthropogenic nature of the aerosols. A predominance of tere-phthalic acid
(42555 ng m−3) was found in aerosol samples collected at landfill site because of plastic enriched waste burning
activity. Except 4- hydroxybenzoic acid, all other lignin and resin products are first time reported to be released
by open waste burning activities in the present study. We also found a strong positive correlation between di-
isobutyl phthalate and di-n-butyl phthalate at both urban (r2 = 0.94) and landfill site (r2 = 0.86), suggesting
them to be the commonly used plasticizers, and plastics to be a main constituent of municipal waste. Since, the
waste burning at landfill sites is a common practice either to reduce waste heaps or be it a self-ignited burning
leading to significant emissions, we report the chemical composition of organic aerosols originating from such
emissions. The information presented in this paper may further be useful in estimating the contribution of
municipal waste burning aerosols on urban burden of particulate matter.

1. Introduction

Air pollution is one of the major causes of deteriorating environ-
mental and human health especially in the urban areas. The varied
chemical composition of aerosols depends on the source of emission
which includes fuel burning, vehicular exhausts, power plants, open
waste burning, construction works, etc. in urban areas. Additionally,
fuel combustion during household cooking has also been reported as an
important source of particulate emissions (Pervez et al., 2019). The
urban aerosols are considered to represent a mixture of aerosols com-
prising of emissions from the different local sources and long-range
transports also during unusual weather events. Open waste burning is

one of the important sources of toxic aerosols originating in a city en-
vironment. Globally, the municipal solid waste generation has in-
creased from 0.68 billion tons per year in 2002 (Hoornweg and Bhada-
Tata, 2012) to 2.01 billion tons in 2016 and is projected to rise up to
3.40 billion tons per year by 2050 according to the World Bank (Kaza
et al., 2018).

The common municipal waste management cycle and practices in-
clude collection, recycling, composting, land filling/dumping, and in-
cineration/burning (Wiedinmyer et al., 2014). However, either burn-
ings of waste in open at small scales or dumping in the landfill site are
the two most usual and cheaper solutions used in the developing
countries. An estimated 41% of the total waste generated annually
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around the world is treated by open burning (Wiedinmyer et al., 2014).
Only a small fraction of it is segregated and treated in incinerators or
recycled. Controlled burning (incineration) or waste to energy practices
are common in developed countries as the waste generated contains a
large fraction of dry combustible materials such as paper. In developing
countries, the municipal waste generated contains more of wet organic
waste which makes it unsuitable for incineration. Since such facilities
including proper segregation and waste to energy are limited in de-
veloping countries, most of the waste finds its destination in landfill.
Non-availability of environment-friendly technologies and initiatives
for disposal of waste is one of the major causes of the rising landfill
heaps in the urban areas. The urban waste has a greater contribution
from plastics/polyethenes, e-waste, packaging materials (juice and milk
cartons), styrofoam materials used in single-use cutlery, fabrics, metals,
kitchen waste, garden waste, papers, etc. Since this mixed waste con-
tains combustible material, the waste at landfill sites often catches fire
easily unintentionally and sometimes are burn deliberately to reduce
the waste heaps. The waste materials like plastics and e-wastes on
burning emit toxic and hazardous fumes which could prove detrimental
if inhaled in large quantities.

The open burning of waste leads to emission of various air pollu-
tants such as greenhouse gases, trace gases, particulate matter and
other toxic compounds (Wiedinmyer et al., 2014). The type of emissions
depends on the burning conditions such as temperature, environment,
location and mostly on the composition of waste that is being burnt.
PM10, PM2.5 and organic carbon (OC) emissions from open waste
burning have been estimated to account for 24%, 29% and 43% of the
total anthropogenic emissions (of PM10, PM2.5 and OC), respectively per
year globally (Wiedinmyer et al., 2014). Open waste burning has been
reported as an evident source of PM2.5 and toxic metals in urban areas
in various studies. In Mexico City, garbage burning contributes 3–30%
of PM2.5 mass (Li et al., 2012). Hodzic et al. (2012) in another study on
Mexico City reported an elevation of 40–80% in organic aerosols
emission levels during trash burning activities and estimated a reduc-
tion in organic aerosols emission and PM2.5 levels by 2–40% and
1–15%, respectively on mitigation of such activities. Based on the ob-
served concentrations of metals such as tin (Sn) and antimony (Sb)
(proposed tracers of municipal waste burning emissions) and lead (Pb)
isotopic ratios, Kumar et al. (2018) reported an influence of open waste
burning emissions on urban aerosols in the city of Delhi. In the same
study, open waste burning is suggested to be one of the sources of
chromium (Cr) and Cr (VI) in urban aerosols. Total carbon (TC) has also
been reported as the most abundant component of PM2.5 (Bano et al.,
2018) and PM10-2.5 mass (Matawle et al., 2014) from municipal waste
burning activities in the urban city of Raipur (India). Owing to the
presence of such toxic species, the particulate matter emission has been
associated with several short term (aggravation of asthma, shortness of
breath, chest pains) and long-term (circulatory, respiratory and pul-
monary diseases) health risks.

Spontaneous and auto-ignition of fires besides deliberate burning of
waste are a common phenomenon at landfill sites possibly because of
exothermic biological and chemical reactions taking place in the de-
grading waste and presence of combustible materials. Due to the extent
of such emissions, open waste burning at landfill sites has been included
in the emission inventories recently (Wiedinmyer et al., 2014; Gargava
et al., 2014). Although some of the studies have reported inorganic
characteristics and specific metal tracers (Kumar et al., 2015, 2018) for
the open waste burning, a limited number of studies have been carried
out to understand few of the organic characteristics (such as OC, EC and
plastic burning tracers) (Bano et al., 2018; Downard et al., 2015;
Kawamura and Pavuluri, 2010; Simoneit et al., 2005) of the aerosols
generated from municipal waste burning at landfills. However, no sig-
nificant data is available for organic composition of the particulate
matter emitted from open burning of municipal waste at landfill sites.
The present study provides an account of chemical composition of the
organic aerosols collected at a landfill site (due to waste burning

activities) and an urban site of the metropolitan city Delhi. Here we
report the chemical composition of aerosol types (waste burning) which
is based on a limited number of samples collected in different seasons.
This information may be important to estimate the contribution of open
waste burning towards the burden of particulate matter in urban areas.

2. Methodology

2.1. Sampling

TSP (Total Suspended Particulate Matter) samples were collected
from two different locations, i.e., a landfill site, and an urban site in
Delhi. The landfill site samples were collected from the Okhla landfill in
Delhi. The waste disposal started in 1994 at this site. The landfill has
approximately 5.6 million tonnes of waste in place. The existing landfill
covers a total of 54 acres, which is almost completely covered with
waste. These samples accounted for source specific aerosol samples of
open waste burning. Sampling was carried out on prebaked (at 450 °C
for 6 h) quartz filters (Pallflex 2500QAT-UP, 8 inch × 10 inch) using a
high-volume sampler (Vayubodhan Upkaran Pvt. Ltd.) at a flow rate of ̴
1100 l min−1 at both the sites. At Okhla landfill site, the sampler was
placed downwind to the waste burning site and run on an hourly
duration during the daytime in October 2014 (n = 7). The urban
samples were collected at the rooftop of CSIR-National Physical
Laboratory (NPL) building in December 2011. The samples at NPL site
were collected on a 12-hourly basis, daytime starting from ̴7:00 to
19:00 and nighttime from ̴ 19:00 to 7:00 (n = 5).

2.2. Chemical analyses

The samples were analyzed to study the source specific chemical
composition of the aerosols. OC, WSOC, n-alkanes, aromatic acids, fatty
acids, SOA tracers, sugars, phthalates, polyacids, sterols and lignin and
resin products were determined in the samples. The organic carbon was
measured using the thermal optical method following the Interagency
Monitoring of Protected Visual Environments (IMPROVE) protocol. The
carbonate carbon was assumed to be negligible. A punch of 1.4 cm
diameter from sample filter was placed in a quartz tube inside the
thermal desorption chamber of semi-continuous Carbon Analyzer
(Sunset Laboratory Inc. Model 4 L) (Agarwal et al., 2010). The analy-
tical errors (reproducibility) were estimated to be within 9% by the
analyses of different punch cuts (n = 3) of the same filter samples.

For the determination of WSOC, a disc of 2 cm diameter was taken
from sample filter and extracted using ultrasonic bath for 30 min with
7 ml of Milli-Q water in a glass bottle. This was followed by filtration
using disc filters to remove particles from the extract. 0.1 ml of 2 M HCl
solution was added to 5 ml of the filtered extract. After purging for
10 min with ultrapure air (80 ml min-1), 100 μl of the solution was
injected into the TOC analyzer (Shimadzu TOC-5000A) (Agarwal et al.,
2010). Duplicate analyses were performed to estimate analytical errors
(repeatability) and it was found to be within 6%.

For analysis of organic compounds, a filter aliquot of approximately
10 cm2 was extracted with dichloromethane/methanol (2:1, v/v) thrice
using ultrasonication bath for 30 min. The solvent extracts were filtered
through quartz wool, concentrated using rotary evaporator and blow
dried with pure nitrogen gas. The extracts were then reacted with 50 μl
of N,O-bis (trimethylsilyl)trifluoroacetamide (BSTFA) with 1% tri-
methylsilyl chloride and 10 μl of pyridine as catalyst at 70 °C for 3 h to
derive trimethylsilyl derivatives. Field blank filters were treated the
similar way for quality assurance. The derivatized total extracts were
analyzed using Gas Chromatography-Mass Spectrometry (GC-MS) (HP
GC 6890, MSD 5973) (Agarwal et al., 2010; Fu et al., 2008). The GC
separation was achieved on a DB-5MS fused silica capillary column
(30 m × 0.25 mm i.d., 0.5 mm film thickness). The mass spectrometer
was operated on the electron impact (EI) mode at 70 eV and scanned
from 50 to 650 Da. Mass spectral data were acquired and processed
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with the Chemstation software. Individual compounds were identified
by comparing mass spectra with those of literature and library data and
authentic standards and by interpretation of mass fragmentation pat-
terns. The data reported in this study is corrected for field blanks.

3. Results and discussion

3.1. Mass, WSOC and OC concentration

The mass concentration of particulate matter (TSP) during the
sampling period at the urban site ranged from 508 to 979 μg m−3

(average 724 μg m−3) and 1297–8242 μg m−3 (3780 μg m−3) at the
landfill site (Table 1). The mass concentration was much higher at the
landfill site than at the urban site as the landfill samples were collected
in the vicinity of the open waste burning emissions.

Organic carbon (OC) is a major constituent of the atmospheric
aerosols and is emitted either directly in particulate form or formed
through gas-to-particle phase conversion in the atmosphere (Timonen
et al., 2008). Majority of the organic matter present in atmospheric
aerosols is water-soluble, typically accounting for 10–70% (Jaffrezo
et al., 2005). WSOC affects the ability of aerosols to form cloud con-
densation nuclei which is important for the Earth's radiative budget
(Timonen et al., 2008). At the landfill site, the OC concentration was
found to be in the range of 418–6327 μg C m−3 (2538 μg C m−3), much
higher than at the urban site (62–190 μg C m−3, average 141 μg C
m−3). OC contributed ̴ 62% and ̴ 19% to TSP mass at the landfill and
urban site, respectively. The concentration of WSOC ranged from 39.27
to 570 μg C m−3 (228.96 μg C m−3) at the landfill site and
19.98–54.02 μg C m−3 (35.36 μg C m−3) at the urban site. The average
mass concentration ratios of WSOC and OC are 0.09 at landfill site and
0.26 at urban site. The WSOC/OC ratio has been used to infer the extent
of aging of aerosols in the atmosphere. Freshly emitted aerosols exhibit
lower WSOC/OC ratio whereas a higher ratio indicates substantial
aging of the aerosols suggesting long range transport or limited atmo-
spheric mixing of aerosols as is evident by the difference in the urban
and landfill site aerosols in the present study. WSOC and OC showed a
strong linear relationship at the landfill site (r2 = 0.97), suggesting a
common source whereas at urban site they were found to be fairly
correlated (r2 = 0.61), indicating influence of different sources and

atmospheric processing pathways (Aggarwal and Kawamura, 2009).
The reported WSOC/OC ratio at urban site in this study was found to be
similar to that reported from other Indian cities viz., Kanpur
(0.21–0.65) (Ram et al., 2012) and Mumbai (0.36) (Aggarwal et al.,
2013), lower than that reported from Kathmandu (0.50) (Shakya et al.,
2010), paddy and wheat residue burning (0.52 and 0.60) in Patiala
(Rajput et al., 2014) and urban aerosols of Helsinki (0.54) (Timonen
et al., 2008). The WSOC/OC ratio is first time being observed and re-
ported for the aerosols originating from open burning of mixed muni-
cipal waste at the landfill site in the present study.

3.2. Organic species

Nine categories of organic compounds were detected in the col-
lected samples including sugars, alkanes, phthalates, lignin products,
fatty acids, sterols, polyacids, aromatic acids, and some biogenic sec-
ondary organic aerosol tracer compounds. Concentration of total or-
ganic compounds was found to be higher at the landfill site
(2456250 ng m−3) than the urban site (50330 ng m−3). Among the
organic compounds detected, fatty acids are found to be the most
abundant class of compounds at both the sites; urban (16823 ng m−3)
as well as landfill site (1218120 ng m−3) similar to another study by Fu
et al. (2009) in urban tropical Indian region where fatty acids and
phthalates were found to be the highest contributing compound class.
However, similar studies carried out in mountainous (Fu et al., 2008)
and marine regions (Fu et al., 2013) have found sugars to be the
dominant compound class. At the urban site, fatty acids (33.43%) and
sugars (33.20%) contribute almost equally to the total organic com-
pound concentration (Fig. 1). As a single compound detected (on
average), levoglucosan (2925 ng m−3) was found to be most abundant
at urban site, whereas C18:0 fatty acid (76090 ng m−3) dominated at the
landfill site. The mass concentrations of all the detected compounds are
given in Table 2.

Total organic compounds identified in the open waste burning
aerosols from landfill site accounted for 4.28–12.04% (average 9.45%)
of OC similar to that observed in tropical Indian aerosols (9.35%) by Fu
et al. (2009) whereas at urban site it ranged from 3.26 to 5.79%
(average 4.52%) much lower than that reported by Fu et al. (2009). As
a class of compounds, fatty acids have a major contribution towards OC
at both the urban site (1.87%) and the landfill site (3.96%) (Table 3). In
case of WSOC, sugars contributed the most to WSOC at urban site
(4.21%) and n-alkanes at the landfill site (29.81%).

3.2.1. n-alkanes
The mass concentration of n-alkanes (C16–C36) varied widely among

the open-waste burning aerosols and urban aerosols. The variation in-
dicates towards the different sources of contribution to the poor air
quality. Also, the distribution of n-alkanes is influenced and determined

Table 1
Mass, OC and WSOC concentrations at the two sampling sites.

Site TSP (μg
m−3)

WSOC (μgC
m−3)

OC (μgC
m−3)

WSOC/OC OC/TSP

Urban (n = 5) 724 35.36 141 0.26 0.19
Landfill (n = 7) 3780 229 2538 0.09 0.62

Fig. 1. Percentage contribution of compound classes to total organic compounds at (a) urban site and (b) landfill site.
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Table 2
Concentrations of organic compounds detected in aerosols over an urban and landfill site in Delhi, India (ng m−3).

Compound Urban site (n = 5) Landfill site (n = 7)

Min Max Average Min Max Average

I. Alkanes
C16 n.d.a n.d. n.d. n.d. 1375 334.51
C18 n.d. n.d. n.d. n.d. 5980 1642
C20 n.d. 13.56 5.18 n.d. 7391 2379
C22 n.d. 63.13 22.60 351.24 7639 3125
C24 n.d. 100.13 51.24 467.54 8860 3706
C25 n.d. 98.72 52.98 497.76 9895 4074
C26 n.d. 100.68 56.09 779.95 13373 5020
C27 n.d. 126.00 70.59 701.19 15303 5694
C28 n.d. 108.76 60.83 811.47 16498 6147
C29 n.d. 187.77 106.88 n.d. 21446 6605
C30 n.d. 114.85 54.19 n.d. 20134 6052
C31 n.d. 241.70 126.77 n.d. 28831 8941
C32 n.d. 160.04 66.48 n.d. 17085 6991
C33 n.d. 201.44 93.18 n.d. 24925 8514
C34 n.d. 75.26 41.34 n.d. 20378 7335
C35 n.d. 67.55 28.52 n.d. 18023 6885
C36 n.d. 46.26 19.74 n.d. 19081 7559
Subtotal 4283 637042
II. Aromatic Acids
Benzoic Acid 9.71 25.86 19.10 71.28 5726 1259
O-Phthalic Acid 68.62 239.66 123.95 n.d. 374.83 186.04
M-Phthalic Acid 3.84 15.51 8.81 n.d. 208.38 129.84
P-Phthalic Acid 240.88 1165.79 634.91 n.d. 67856 42555
Subtotal 3934 308909
III. Fatty Acids
FA C 12:0 43.40 63.34 33.43 1420 13704 6738
FA C 14:0 18.04 114.41 35.37 n.d. 15596 3564
FA C 16:0 365.15 964.42 634.25 12726.36 89622 52774
FA C 16:1 8.60 23.01 6.32 n.d. 4551 2153
FA C 17:0 21.27 29.21 14.61 n.d. n.d. n.d.
FA C 18:0 131.92 419.28 271.76 5481 368992 76090
FA C 18:1 27.58 430.46 116.59 n.d. 62058 19624
FA C 19:0 11.57 15.95 5.50 n.d. n.d. n.d.
FA C 20:0 44.20 493.11 172.94 307.36 3874 1416
FA C 21:0 10.20 20.27 11.53 n.d. n.d. n.d.
FA C 22:0 61.90 145.61 90.90 n.d. 4329 1687
FA C 22:1 19.17 308.99 119.68 n.d. 14511 8119
FA C 23:0 68.87 91.15 49.65 n.d. n.d. n.d.
FA C 24:0 93.39 214.53 142.19 n.d. 3457 1057
FA C 25:0 83.48 136.30 85.58 n.d. 567.35 81.05
FA C 26:0 190.63 484.94 316.93 n.d. 1780 389.82
FA C 27:0 49.04 676.08 193.27 n.d. 379.77 54.25
FA C 28:0 296.57 527.96 409.84 n.d. 1021 145.83
FA C 29:0 61.97 79.89 71.14 n.d. n.d. n.d.
FA C 30:0 284.72 443.20 351.92 n.d. 880.32 125.76
FA C 31:0 49.16 78.82 47.95 n.d. n.d. n.d.
FA C 32:0 118.09 266.95 183.30 n.d. n.d. n.d.
Subtotal 16823 1218120
IV. Lignin products
Dehydroabietic acid 21.23 130.70 57.06 n.d. 812.38 353.46
Syringic acid 21.24 195.95 77.12 n.d. 331.84 127.39
Vanillic acid 24.74 112.05 57.26 n.d. 267.92 108.58
4-hydroxybenzoic acid n.d. 196.94 100.10 n.d. 1515 811.21
Total 1458 9805
V. Phthalates
Dimethyl n.d. n.d. n.d. n.d. n.d. n.d.
Diethyl n.d. n.d. n.d. n.d. n.d. n.d.
Di-Iso-Butyl 128.12 994.81 387.22 2650 11136 4763
Di-N-Butyl 15.25 58.45 29.18 200 768.57 379.23
Di-(2-Ethylhexyl) 105.73 509.29 302.71 1727.13 42671 14195
Total 3596 135365
VI. Polyacids
Glyceric Acid 114.76 284.50 199.56 41.08 130.07 74.76
DL-Malic Acid 30.63 82.71 56.16 30.95 98.6 51.14
DL-Tartalic Acid n.d. n.d. n.d. n.d. n.d. n.d.
Total 1279 881
VII. SOA Tracers
Pinonic Acid 3.44 7.05 3.26 n.d. 194.39 53.65
Pinic Acid 8.14 14.72 4.57 n.d. n.d. n.d.
3-HGA 22.68 102.81 60.39 n.d. 149.62 75.45
2−Methylglycericacid 6.92 84.11 21.92 n.d. 22.49 11.22

(continued on next page)
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by the relative contribution from biogenic and anthropogenic sources
(Li et al., 2010). C16–C36 homologous n-alkanes were detected in the
landfill site whereas C20–C36 homologues were detected at urban site
with a total of 637042 ng m−3 and 4283 ng m−3, respectively (Fig. 2).
Overall, higher concentrations are reported at the landfill site clearly
due to the open waste burning activities. Low molecular weight odd
numbered n-alkanes (C17–C23) were not detected at either site. The
even numbered low molecular weight n-alkanes (C16–C18) find its
source in the incomplete combustion of fossil fuels (Fu et al., 2010a).
However, the chemical characteristics show the absence of petrogenic

source signature n-alkanes at urban site which possibly is due to the
lesser vehicular activity around the site on sampling days. Also, n-al-
kanes lower than C20 with even carbon number predominance have
been reported to be arising from microbial activities (Li et al., 2010),
which clearly explains the absence and presence of this range at urban
and landfill site, respectively. n-alkanes with even number pre-
dominance in the range of C16–C28 have been reported to be originating
from refuse burning especially plastics (Fu et al., 2010a; Simoneit et al.,
2005). The presence of these in high concentrations at landfill site
confirms the source to be refuse plastic burning at the site. The high
molecular weight alkanes (C29–C33) with odd numbered predominance
and Cmax at C31 find its source in the higher plant waxes resulting from
abrasion of leaf epicuticular waxes (Fu et al., 2010a; Kalaitzoglou et al.,
2004; Simoneit et al., 2004a). Also, the decaying plant organic matter
in soils can become airborne in windy conditions and be transported by
winds (Schefuß et al., 2003). Besides these high molecular weight al-
kanes, the landfill site samples show an additional characteristic feature
of presence of C34–C36 alkanes in high concentrations as compared to
the urban site. The long chain alkanes from C34 to > C37 are attributed
to high molecular weight paraffin wax, used to coat the inner surfaces
of food packagings; e.g. milk and juice cartons (Fu et al., 2010a;
Simoneit et al., 2004a). This evidently suggests the open burning of
municipal waste in bulk to be the major source of n-alkanes at landfill
site aerosols. The presence of such alkanes in urban samples even in
small quantities indicates that urban aerosols are influenced with such
open-burning practices in Delhi.

The Carbon Preference Index (CPI) is the ratio of odd-carbon to
even-carbon number n-alkanes used to identify their sources. n-alkanes
with CPI greater than 5 are believed to have originated from higher
plant waxes whereas, the aerosols originating from anthropogenic
sources have a CPI of close to unity (Kang et al., 2016). In the present
study, the CPI values of n-alkanes (C16–C36) in urban (CPI = 1.27) as
well as landfill (CPI = 0.81) site samples are close to unity, proving the
source to be anthropogenic. Similar CPI values have been observed in
other studies such as from tropical Indian aerosols of Chennai (1.56 for
winter and 1.52 in summer) (Fu et al., 2010a), a range of 1.63–2.41
from areas around the coal-based power plants in western Greece

Table 2 (continued)

Compound Urban site (n = 5) Landfill site (n = 7)

Min Max Average Min Max Average

2-Methylthreitol 1.93 3.04 1.88 n.d. 1.71 0.24
2-Methylerythritol 5.12 6.87 4.71 n.d. 23.19 8.29
cis-2-Methyl-1,3,4-Trihydroxy-1-Butene 0.24 0.94 0.24 n.d. n.d. n.d.
3-Methyl-2,3,4-Trihydroxy-1-Butene 0.30 0.82 0.22 n.d. n.d. n.d.
Trans-2-Methyl-1,3,4-Trihydroxy-1-Butene 0.97 2.90 0.77 n.d. n.d. n.d.
Total 490 1042
VIII. Sterols
Cholesterol 10.30 59.43 31.68 n.d. 2747 1328
Ergosterol n.d. 237.15 47.43 n.d. 3775 539.33
Stigmasterol 18.19 75.30 39.71 n.d. 1209 400.67
B-Sitosterol 82.63 578.29 232.47 n.d. 12863 5581
Total 1757 54945
IX. Sugars
Levoglucosan 1762 4767 2925 102.64 22864 11132
Arabitol 23.55 40.49 30.23 n.d. 147.90 54.02
Mannitol 13.55 25.12 14.39 n.d. 171.94 64.03
Α-Fructose 6.14 19.73 11.28 n.d. 42.79 19.61
Β-Fructose 3.55 12.90 7.01 n.d. 50.89 16.89
Α-Glucose 7.70 36.96 20.78 n.d. 55.46 14.93
Β-Glucose 14.34 48.32 29.52 n.d. 104.27 23.20
Inositol 10.94 22.88 15.24 n.d. 45.77 23.28
Sucrose 7.50 128.69 46.03 n.d. 146.61 83.06
Trehalose 9.50 34.48 24.49 n.d. 90.81 40.16
Erythritol 28.70 84.59 51.21 21.49 839.71 269.85
Glycerol 61.39 246.74 166.74 63.39 4964.53 1136.46
Total 16711 90142

a n.d.: not detected.

Table 3
Percentage contribution of individual class of compounds to OC and WSOC at
the two sampling sites.

Compound Class Urban Landfill

Min Max Average Min Max Average

To OC
Alkanes n.d.# 0.75 0.51 0.95 3.80 2.63
Aromatic Acids 0.19 0.47 0.32 0.01 2.26 1.41
Fatty Acids 1.04 2.66 1.87 0.48 6.67 3.96
Lignin Products 0.07 0.22 0.12 n.d. 0.06 0.05
Phthalates 0.28 0.47 0.35 0.15 2.83 0.84
Polyacids 0.04 0.06 0.05 n.d. 0.006 0.002
SOA Tracers 0.02 0.04 0.03 0.000 0.006 0.004
Sterols 0.09 0.44 0.19 n.d. 0.46 0.26
Sugars 0.71 1.49 1.08 n.d. 0.40 0.28

To WSOC
Alkanes n.d. 3.70 2.04 8.56 45.22 29.81
Aromatic Acids 0.81 2.09 1.22 0.08 25.17 15.52
Lignin Products 0.21 1.07 0.50 0.00 0.91 0.52
Phthalates 0.88 2.43 1.42 1.69 25.48 8.61
Polyacids 0.16 0.28 0.20 0.00 0.06 0.03
SOA Tracers 0.08 0.15 0.11 0.00 0.07 0.04
Sterols 0.27 2.19 0.84 0.00 5.00 2.98
Sugars 3.19 6.33 4.21 0.01 5.57 3.15

*All the quantified organic compounds were converted to carbon contents to
calculate the OC and WSOC ratios.
#n.d.: not detected.
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(Kalaitzoglou et al., 2004), 1.08 from urban atmosphere of Guangzhou
city in China by Bi et al. (2003) and 1.7 from Algiers metropolitan city
(Yassaa et al., 2001). Yassaa et al. (2001) reported a CPI value of 1.1
(C24–C32) from a site 50 m away from a landfill (Oued Smar) in Algiers
which is consistent with values determined in this study. CPI values
reported in this study are much lower than those observed in forest
areas of Mt. Tai in Japan (4.42 in daytime and 4.63 in nighttime) by Fu
et al. (2008).

3.2.2. Aromatic acids
Four aromatic acids, i.e., benzoic acid and three phthalic acids (o-,

m-, and p-isomers), were detected in the urban aerosol samples (Fig. 3).
The total concentration of aromatic acids was 3934 ng m−3 at urban
site and 308909 ng m−3 at landfill site. The concentration of benzoic
acid ranged from 9.7 to 26 ng m−3 at urban site and 71–5726 ng m−3 at
landfill site. These values are much higher to those reported in urban
organic aerosol in tropical India (0.54 ± 2.16 ng m−3 in winter) (Fu
et al., 2010a). The relatively low concentrations of benzoic acid in
comparison to total phthalic acid in urban aerosols may be explained by
their presence in gas phase rather in particulate phase. Benzoic acid is
proposed to be a primary pollutant from the exhaust of motor vehicles
(Kawamura and Kaplan, 1987; Kawamura et al., 2000; Rogge et al.,
1993) and a secondary product from photochemical degradation of
aromatic hydrocarbons such as toluene emitted by automobiles (Suh
et al., 2003).

The concentration ranges of total phthalic acids were
3.84–1166 ng m−3 at urban and up to 67856 ng m−3 at landfill site.
Their concentrations are higher than those reported from aircraft
aerosols over China (17 ± 13 ng m−3 in summer) (Wang et al., 2007)
and over the northwestern Pacific (average 1.5 ng m−3) (Simoneit
et al., 2004b). Some reported sources of phthalic acids in atmospheric
particles are the waste burning emissions, fossil fuel combustion (pri-
mary source) and the secondary formation by oxidation of precursor
species emitted during anthropogenic activities (Kumar et al., 2015).
Referring to previous studies (Fu et al., 2010a; Jung et al., 2010;

Kawamura and Pavuluri, 2010; Kumar et al., 2015; Li et al., 2019), we
have found predominance of tere-phthalic acid (42555 ng m−3) in
aerosol samples collected at landfill site because of plastic enriched
waste burning activity. However, such a feature of presence of tere-
phthalic acid was not observed at urban site (635 ng m−3). High
abundances of tere-phthalic acid have also been reported in ambient
aerosols because of plastic-waste burnings and other anthropogenic
emissions (Fu et al., 2010a; Kumar et al., 2015; Li et al., 2019; Mkoma
and Kawamura, 2013). The molecular distribution of phthalic acids was
characterized by a predominance of tere-phthalic acid followed by
benzoic acid at landfill site, being similar to those reported in the air-
craft aerosols over China (Wang et al., 2007) and East China Sea
(Simoneit et al., 2004b). Phthalic acids have been proposed as SOA
products that can be used as a surrogate for the contributions of SOA to
an ambient sample (Oliveira et al., 2007). In our study, WSOC/OC ra-
tios are higher in urban aerosols suggesting urban aerosols to be more
photochemically processed, which supports the secondary pathways for
formation of phthalic acids. Fu et al. (2008) showed strong negative
correlation (r2 = 0.62) between phthalic acids and phthalate esters in
nighttime and no correlation was found in daytime (r2 = 0.10) organic
aerosols over Mt. Tai in North China. Contrast to this, in our study
positive but weaker correlation was found between phthalic acids and
phthalate esters at urban site (r2 = 0.32), while no correlation was
found in landfill samples (r2 = 0.09). The weak or no correlation be-
tween these two compounds indicates that they have different sources.
Phthalate esters may be emitted by burning of plastic materials at
landfill site whereas phthalic acid may be produced by the photo-
chemical oxidation of aromatic hydrocarbons in the atmosphere.

3.2.3. Fatty acids
A homologous series of saturated straight chain fatty acids

(C12:0–C32:0) and unsaturated fatty acids (C16:1, C18:1 and C22:1) were
detected in the aerosol samples. Concentration ranges of total fatty
acids were 8.6–964 ng m−3 at urban site and up to 368992 ng m−3 at
landfill site of Delhi. Fatty acids with even carbon-number

Fig. 2. Mass concentrations (ng m−3) of detected n-alkanes at landfill and urban site.
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predominance were detected at urban site with a peak at palmitic acid
(C16:0) (Fig. 4), indicating a significant emission of lipid class com-
pounds from biological sources (Lechevalier et al., 1977; Simoneit
et al., 1988). A similar bimodal distribution has been reported in con-
tinental (Simoneit and Mazurek, 1982; Wang and Kawamura, 2005)
and marine aerosols (Kawamura et al., 2003; Mochida et al., 2002). The
high concentration of palmitic acid at urban site is similar to that found
in studies done in wet season of Tanzania, East Africa (Mkoma and
Kawamura, 2013) and in Guiyang city, Southwest China (Li et al.,
2019). Similar feature of even carbon number fatty acids was detected

at landfill site, but odd carbon number fatty acids were absent. How-
ever, the concentration of even carbon number fatty acids was much
higher than that at urban site.

The concentration ratios of lower molecular weight fatty acids
(LFAs,< C20:0) to higher molecular weight fatty acids (HFAs, C20:0-
C32:0) were 0.46 ± 0.13 at urban site versus 29.1 ± 17.7 at landfill
site. These values at landfill site are higher to those reported in Mt. Tai
aerosols (1.02 ± 0.80) in Central East China (Fu et al., 2008) while
urban site values are comparable. HFAs are derived from terrestrial
higher plant wax whereas LFAs have multiple sources such as vascular

Fig. 3. Mass Concentrations (ng m−3) of aromatic acids detected in aerosols at landfill and urban sites.

Fig. 4. Mass concentrations (ng m−3) of C12:0-C32:0 fatty acids reported in landfill and urban site aerosols.
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plants, marine phytoplankton, microbes and kitchen emissions
(Kolattukudy, 1976; Rogge et al., 1991; Schauer et al., 2001). Some
longer-chain fatty acids, heneicosanoic (C21:0), tricosanoic acid (C23:0)
nonacosanoic acid (C29:0) and dotriacontanoic (C32:0) acid which are
specific to terrestrial higher plants (Kawamura et al., 2003), were not
detected at landfill site. Thus, our results suggest that lower molecular
weight fatty acids are emitted from vegetation and household waste
being dumped and burnt at landfill site.

Unsaturated fatty acids are derived from biogenic sources such as
higher plants but in urban environments, cooking, motor vehicles and
biomass burning can also be the major anthropogenic sources of these
acids (Rogge et al., 1993). These acids degrade rapidly once emitted to
the atmosphere via photochemical oxidation of double bonds as they
are more reactive towards OH, NO3 radicals and ozone. Palmitoleic
(C16:1), oleic (C18:1) and erucic (C22:1) acids were detected only at urban
site. The ratio of oleic acid to stearic acid (C18:1/C18:0) at urban site
ranged from 0.2 to 1.02 (average 0.34) and at landfill site ranged from
0 to 1.4 (average 0.59) which are higher to the ratios reported in urban
aerosols of Chennai (0.04–0.35) during summer at nighttime (Fu et al.,
2010a). C18:1 was often non-detectable at landfill site, indicating its
quick degradation.

In the present study, the ratio of unsaturated fatty acids
(C16:1+C18:1) to saturated fatty acids (C16:0+C18:0) were
0.11 ± 0.12 at urban site and 0.22 ± 0.22 at landfill site which are
lower than those reported by Wang et al. (2006) in Chinese megacities
(1.14 ± 0.98 in winter versus 0.43 ± 0.09 in summer), indicating the
photooxidation of unsaturated fatty acids at urban as well as landfill
site. Though the aerosols at landfill site are freshly emitted, the absence
of unsaturated fatty acids can be attributed to their rapid oxidation
accelerated by high temperature condition at burning site.

3.2.4. Lignin and resin products
Three lignin products (4-hydroxybenzoic acid, vanillic and syringic

acid) and one resin product (dehydroabietic acid) were detected in the
urban and landfill site samples. Concentration of lignin and resin pro-
ducts ranged from 21.2 to 196 ng m−3 at urban site and up
to1515 ng m−3 at landfill site (Fig. 5). These values are much higher to
those reported in Chinese urban aerosols (1.3–53 ng m−3 in summer)
(Wang et al., 2006) and urban organic aerosol in tropical India
(19.3 ± 11.2 ng m−3 in winter and 12.3 ± 3.49 ng m−3 in summer)
(Fu et al., 2010a). The higher concentration at landfill site is due to
abundance of vegetation and household garbage in the mixed waste
dumped at the site. Dominant species among lignins was 4- Hydro-
xybenzoic acid (100.10 ng m−3 at urban site and 811.21 ng m−3 at

landfill site), indicating the burning of plastic (Simoneit et al., 2005).
Resin product (dehydroabietic acid) is the second dominant species at
landfill site which is produced by pyrolytic dehydration of abietic acid
found abundantly in pine resin. Thus, leading to its usage as more
specific marker of biomass burning of pine trees (Simoneit et al., 1993).
Vanillic acid is a source specific tracer for conifers. Vanillic and syringic
acid are also detectable in pine wood smoke (Simoneit, 2002). These
lignin and resin derived organic acids have been reported in the con-
tinental aerosols (Fu et al., 2008) and in the smoke particles from
biomass burning (Simoneit, 2002). Except 4-Hydroxybenzoic acid, all
other lignin and resin products are first time reported to be released by
open waste burning activities in the present study.

3.2.5. Phthalate esters
Phthalate esters are used as plasticizers in synthetic polymers and

softener in polyvinylchloride. They can be released in the atmosphere
on being burned from the molecular matrix by evaporation because
they are chemically bonded to the polymer. Three phthalates were
detected in this study i.e., diisobutyl (DiBP), di-n-butyl (DnBP), and di-
2-ethylhexyl (DEHP) phthalates. The concentration of phthalates was
15.25–994.81 ng m−3 at urban and 200–42671 ng m−3 at landfill site
(Fig. 6). Fu et al. (2008) also reported similar concentration of phtha-
lates at Mt. Tai, North China Plain (9.83–985 ng m−3 in summer).
DEHP is reported highest at landfill site (14195 ng m−3). It is one of the
most common plasticizers used in plastic materials and in India plastics
form a major portion of the municipal solid wastes being disposed into
open landfills. Therefore, fresh aerosols at landfill site show abundance
of DEHP because of plastic-waste burnings. DiBP was the dominant
species in this group at urban site followed by DEHP and DnBP. Re-
ferring to previous study (Fu et al., 2008), and especially in this study,
we found a strong positive correlation between DiBP and DnBP at both
urban (r2 = 0.94) and landfill site (r2 = 0.86), suggesting that DiBP
and DnBP are commonly used plasticizers in India and emitted into the
atmosphere in a similar way. However, the correlation coefficient at
landfill site is much higher than at urban site, suggesting that they may
have different processes and lifetime in the atmosphere.

3.2.6. Poly-acids
Two hydroxy acids (glyceric and malic acid) were detected from the

urban and landfill sites. The concentration of these polyacids was found
to be higher at the urban site with a total of 1278.63 ng m−3 than the
landfill site with a total of 881 ng m−3 (Fig. 7). Glyceric acid is the most
abundant hydroxy acid in both the samples, urban as well as landfill
with an average of 200 and 75 ng m−3 respectively which is many folds

Fig. 5. Mass concentrations (ng m−3) of lignin and resin products reported in
landfill and urban site aerosols.

Fig. 6. Mass concentrations (ng m−3) of phthalate ester compounds detected in
landfill and urban site aerosols.
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higher than that observed in other studies (Claeys et al., 2004; Fu et al.,
2010a). The two acids alongwith tartaric acid have been reported as the
secondary photooxidation products of organic precursors (Fu et al.,
2010a). Also, diurnal patterns have been observed by Claeys et al.
(2004) and Fu et al. (2010a) with higher concentrations during daytime
confirming photooxidation to be the major source. Since the landfill
samples are dominated by the fresh burning aerosols, these secondary
compounds ought to be in smaller concentrations, as is evident in our
results. Malic acid and tartaric acid have also been reported from
Amazonian forest aerosols (Claeys et al., 2004). The presence of malic
acid in urban aerosols in appreciable concentrations could be due to the
proximity of the sampling site to the green area. Malic acid could be
produced in the atmosphere through photooxidation of succinic acid
(Fu et al., 2010a). Also, malic acid has been proposed to be a late
product in photochemistry of unsaturated fatty acids (Claeys et al.,
2004).

3.2.7. Biogenic secondary organic aerosols tracers
2-methyl glyceric acid, three C5 alkene triols (cis-2-methyl-1,3,4-

trihydroxy-1-butene, 3-methyl-2,3,4-trihydroxy-1-butene and trans-2-
methyl-1,3,4-trihydroxy-1-butene) and two 2-methyltetrols (2-methyl-
threitol and 2-methylerythritol) were detected in the present study with
an average of 489.88 ng m−3 at urban and 1042 ng m−3 at landfill site
(Fig. 8). The C5 triols were found to be absent in the landfill site
aerosols. These compounds are tracers for isoprene and monoterpene
oxidation products in the aerosols. Isoprene is reported to represent
almost 50% of all the biogenic non-methane hydrocarbons worldwide
(Guenther et al., 1995) and its global emission is estimated to be
400–600 Tg C (Guenther et al., 2006). It is a biogenic VOC released
from vegetation and is highly unstable and susceptible owing to the
C]C bond. It reacts with oxidants (OH, O3 and NO3) present in at-
mosphere to form secondary organic aerosols contributing to the or-
ganic loading in the atmosphere (Fu et al., 2010a).

The two 2-methyltetrols were first time proposed as the condensable
photooxidation products of isoprene in atmosphere by Claeys et al.
(2004). The concentration of 2-methylthreitol and 2-methylerythritol
ranged from 1.93 to 3.04 ng m−3 (average 1.88 ng m−3) and
5.12–6.87 ng m−3 (average 6.16 ng m−3) at the urban site respectively.
In the landfill site samples 2-methylthreitol was found in only one of the
samples (1.71 ng m−3) whereas 2-methylerythritol was found with an
average of 8.29 ng m−3. These values are higher than those reported
from Arctic ocean aerosols (Fu et al., 2013) and urban aerosols (Fu

et al., 2010a) and lower than those reported from Amazon forest area
(Claeys et al., 2004). A strong correlation was found between the two
methyltetrols (r2 = 0.98) at the urban site, suggesting a similar
pathway of formation. However, no correlation was found between
these two compounds at the landfill site.

The C5-alkene triols, which are also reported as photooxidation
products of isoprene were detected only in few of the samples of the
urban aerosols and were absent in the landfill aerosols suggesting the
mechanisms of formation of these compounds to be absent at the
sampling sites and eliminating the waste burning to be a source of these
compounds in the atmosphere, further confirming the biogenic nature
of these compounds. In earlier studies, methyltetrols and C5 alkene
triols have been found in comparable concentrations and shown to
follow a similar pattern (Fu et al., 2010b).

However, in the present study, no such pattern was observed. This
can be explained by the fact that despite being originating from one
precursor (isoprene), the pathways of formation of these two compound
classes in the atmosphere are different.

It has been reported that the diepoxy derivates of isoprene can be
converted into 2- methyltetrols by acid-catalyzed hydrolysis reactions
(Fu et al., 2010a; Wang et al., 2005). C5 alkene triols are formed
through a set of rearrangement reactions of hydoxyperoxy radicals
originating from initial phase photooxidation of isoprene (Fu et al.,
2010a; Surratt et al., 2006). Methacrolein and methyl-acreleic acid are
two gas phase compounds resulting from the photooxidation of iso-
prene which can further be oxidized leading to the formation of 2-
methylglyceric acid (Claeys et al., 2004; Fu et al., 2010a).

2-Methylglyceric acid was found to be the most abundant SOA
tracer of isoprene in the present study with concentration ranging from
6.92 to 84.11 ng m−3 (average 21.92 ng m−3) and up to 22.49 ng m−3

(average 11.22 ng m−3) at the urban and landfill site, respectively. Its
concentration was higher than those of methyltetrols and C5 alkene
triols suggesting probability of the vapour phase reaction pathway to be
dominant over the particulate phase reaction pathway of isoprene de-
gradation in atmosphere. Pinic, Pinonic and 3-Hydroxyglutaric acid are
reported as the oxidation products of monoterpenes (Fu et al., 2013)
resulting from α/β-pinene oxidation. 3-HGA was found to be the
dominant species with an average concentration of 60.39 ng m−3 at
urban site and 75.45 ng m−3 at the landfill site. These are produced
through the oxidation reactions of pinene with ozone and OH radicals

Fig. 7. Mass concentrations (ng m−3) of polyacids detected in landfill and
urban site aerosols.

Fig. 8. Mass concentrations (ng m−3) of biogenic SOA tracers detected in
landfill and urban site aerosols.
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(Fu et al., 2010a). Concentration of pinic acid was found to be higher
than the pinonic acid at urban site. However, pinic acid was not de-
tected in the landfill site samples.

3.2.8. Sterols
The presence of sterol compounds in the atmospheric aerosols has

been related mainly to the cooking activities and some have been re-
ported to be source specific to biomass burning. The total concentra-
tions of sterols were 54945 ng m−3 at landfill site and 1756 ng m−3 at
urban site. Four sterol compounds, namely, cholesterol, ergosterol,
stigmasterol and β-sitosterol were detected in both sites’ aerosol sam-
ples. Of these four, β-sitosterol was found to be the dominant species
among others with an average of 5581 ng m−3 and 232 ng m−3 at
landfill and urban site, respectively (Fig. 9). β-sitosterol and stigmas-
terol are found in leaves of terrestrial higher plants and are emitted into
atmosphere through their burning (Fu et al., 2010a; Kawamura et al.,
2003). At landfill site β-sitosterol is present in much higher con-
centrations suggesting burning of biomass to be the major cause. β-
sitosterol is also produced during cooking activities as they are present
in plant oils (Fu et al., 2008). Cholesterol, reported to be a tracer for
meat cooking and marine organisms (Fu et al., 2008, 2010a; Kawamura
et al., 2003; Rogge et al., 1991) was found to be the second most
abundant sterol compound at the landfill site. Ergosterol was found in
higher concentrations at landfill site (average 539 ng m−3) than urban
site (average 47.4 ng m−3). It has been reported as a biomarker of
fungal biomass in atmospheric aerosols (Fu et al., 2013; Lau et al.,
2006). The higher concentration of ergosterol can be associated with
the fungal decomposition of waste at the landfill site.

3.2.9. Sugars
Sugar compounds contribute to water-soluble organic carbon

(WSOC) in aerosols and can be used as tracers for primary biological
aerosol particles (Aggarwal et al., 2013; Elbert et al., 2007; Graham
et al., 2003; Medeiros et al., 2006; Simoneit and Mazurek, 1982). Ten
sugar compounds (levoglucosan, arabitol, fructose, glucose, mannitol,
inositol, sucrose, trehalose, glycerol and erythritol) were detected in the
aerosols at both the sites (Fig. 10). The total concentration of sugars
was 16711 ng m−3 at urban site and 90141 ng m−3 at landfill site.
Their concentrations are several times higher than those reported in
Chinese coastal urban aerosols (average 262 ng m−3 in summer) (Wang
et al., 2006). The higher concentrations at landfill site are consistent
with those of wax components such as n-alkanes and fatty acids.

In this study, levoglucosan was found to be one of the most

abundant species among the individually identified compounds with a
concentration range of 1761–4767 ng m−3 (average 2925 ng m−3) at
urban and 103–22864 ng m−3 (average 11132 ng m−3) at landfill site,
being much higher than previous studies (Graham et al., 2002; Hoffer
et al., 2006). These values are much higher to those reported in Kolkata
(75 ± 15 ng m−3) and Delhi aerosols (210 ± 40 ng m−3)
(Chowdhury et al., 2007). Levoglucosan is formed during the pyrolysis
of cellulose and has been recognized as a tracer of biomass-burning
(Simoneit et al., 1999). The higher concentration reported at landfill
site is due to the large amount of household and agricultural waste
being dumped and burnt in open. In present study, levoglucosan con-
tribute up to 87% of total identified sugars at urban site and 86% at
landfill site which are comparable to the urban aerosols collected from
Chinese megacities (90%) (Wang et al., 2006). This suggests biomass
burning to be the major contributor of sugar compounds at both the
sites.

Primary saccharides consist of glucose, fructose, inositol, sucrose,
trehalose and reduced sugars (sugar polyols) such as arabitol and
mannitol. They are the tracers for resuspension of surface soil and un-
paved road dust, containing biological materials including pollen, fungi
and bacteria (Simoneit et al., 2004a; Yttri et al., 2007). Their con-
centrations are higher in samples collected from landfill site. Agri-
cultural activities such as field burning of wheat straws contribute these
sugar compounds in the environment. The average concentration of
primary saccharides (fructose, glucose, inositol, sucrose, and trehalose)
was 110.25 ± 65.41 ng m−3 at urban site, being comparable to sugar
polyols (arabitol and mannitol) (111.54 ± 55.98 ng m−3). In contrast,
the concentration of primary saccharides at landfill site was
221.13 ± 169.04 ng m−3, being lower than sugar polyols
(413.20 ± 49.53 ng m−3). These results suggest that sugar compounds
mainly originate from agricultural and household wastes being burnt in
open.

4. Conclusion

Waste burning at dumping sites has grown to be one of the im-
portant sources of particulate matter pollution in urban environments.
Chemical composition of aerosols originating from waste burning at a
landfill site in Delhi were studied to outline the source specific species
qualitatively and quantitatively. In addition, chemical analysis was
carried out on samples collected from an urban area in Delhi to un-
derstand the extent and differences between the two sites and the in-
fluence of open waste burning at landfill sites on the urban aerosols.
The organic compounds concentration detected at the landfill site
(2456250 ng m−3) were several folds higher in concentration than the
urban site (50330 ng m−3). Also, the concentrations reported in this
study are significantly higher than that reported in previous studies
from urban areas. The aerosol chemical composition observed at the
landfill site suggests a variety of waste being burned leading to in-
creased toxicity of the air for the persons working at these sites and in
the nearby regions. Fatty acids were found to be the most abundant
class at both the sites. However, at urban site fatty acids and sugars
were found to be contributing equally to the total organic compounds.
Levoglucosan and C18:0 fatty acid was found to be most abundant
compounds at urban and landfill site, respectively. The WSOC/OC ra-
tios observed suggested urban aerosols to be more photochemically
processed supporting the phenomenon of secondary pathways for for-
mation of phthalic acids. Lignin and resin products except 4-hydro-
benzoic acid are first time reported to be released from open waste
burning activities in the present study.

The spontaneous fires occurring due to reasons such as high tem-
perature resulting from exothermic biological and chemical reactions
and presence of combustible material are a common sight at the landfill
sites. The emissions originating from such fires are highly polluting as
the waste consists of a variety of materials which on burning at low
temperatures emit toxic species into the atmosphere. The present study

Fig. 9. Mass concentrations (ng m−3) of sterol compounds detected in landfill
and urban site aerosols.
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is an attempt to report the chemical composition of organic aerosols
originating from open burning of landfill waste. The information pre-
sented here may be important to estimate the role of waste burning
aerosols in urban burden of particulate matter.
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