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Abstract - Landfills contain vast quantities of waste
as they are sites for deposition of a city’s solid
waste. This solid waste further undergoes the
process of decomposition producing several byproducts such as odorous gases and volatile organic
compounds. Both of these compounds have
potential to severely damage physical and mental
health of human. These components were analysed
using AERMOD by United States Environmental
Protection Agency (USEPA). AERMOD needs
uniform and horizontally consistent surface and
upper air parameters of meteorology. Along with
AERMOD, Landfill Gas Emission Model
(LandGEM Version 3.02) was used to form an
emission inventory. LandGEM analyses odorous
gases and VOCs. The dispersion of odorous gases
over areas adjacent to landfill of Pune, India has
been estimated from information on advances in
emission inventory and field monitoring operation.
Four odorous gases namely Total Landfill gas,
Methane, Carbon Dioxide and Non Methane
Organic Compounds (NMOC) were detected at 17
discrete places and were found within permissible
limits.
Keywords: landfill; emission; odorous gases; volatile
organic compounds; AERMOD;LandGEM

I. INTRODUCTION
Emission of odorous gases from mixed land use patterns
along with landfill in the cities have resulted in nuisance and
other problems associated with the setting up of waste
treatment facilities in and around cities as studied and
documented [2]; [13]; [15]; [19]; [21]; [22]; [26]; [27]; [32];
[34]; [35]; [37]. Odour can be expressed as the “perception
of smell” or in scientific terms, “a sensation resulting from
the reception of stimulus by the olfactory sensory system”
[12]. Whether pleasant or unpleasant, odours are induced by
inhaling air-borne volatile organic or inorganic substances.
There are several odour generating activities such as
tanneries and paint industries. Nevertheless, Municipal Solid
Waste (MSW) landfill is also identified as a major source of
odour generation. Solid Waste Management Rules 2016
recognize ‘odour’ as a public nuisance, unlike air pollutants
such as particulate matter, CO, CO2, SO2, where there are
specified standards for compliance. Most commonly
reported odour-producing compounds are Hydrogen
Sulphide which has a rotten egg odour and Ammonia with a
sharp pungent odour. Carbon Disulphide, Mercaptane,
product of decomposition of proteins especially of animal
origin [30]. Phenols and some petroleum hydrocarbons are
other common odorants. Most offensive odour is created by
the anaerobic decay of wet organic matter such as flesh,
manure, fodder or silage [31]. Odour originating from
livestock manure is the result of 168 odour-producing
compounds [9].
Warm temperatures enhance anaerobic decay and foul odour
production [5]. Odour can arise from many sources, most of
which such as garbage are man-made. Improper dumping on
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vacant land is a common phenomenon which leads to foul
smell due to putrefaction of dumped garbage. The
unscientific design of landfills, increased sewage production
and improper sewage treatment practices produce
unpleasant odour.
Rising urbanisation is directly proportional to the rise in
waste generation and waste management. Landfilling is the
most historically used practice for waste treatment and this
solution of waste management is now an issue as there are
many hazards arising from gases emitted from landfills [4].
Sulphur compounds, oxygenated compounds, nitrogenous
compounds, halogenated compounds, aromatics and
terpenes are the most abundantly found components and
they are strong air pollutants as they have toxic, hazardous
and noxious properties [11]; [34]; [36].
These gases cause severe health problems by contaminating
local rivers, harming aquatic life quality and diversity and
expansion of area beneath the surface leading to
contamination of ground water [33]. Children are more
prone to environment vulnerability [24]. Odorous gases like
methane, carbon dioxide, water vapour and non-methane
organic compounds (NMOC). Even when present at low
concentration NMOC can cause severe damage to human
health [20].
Volatile organic compounds in Municipal Sewage Waste
landfills comprise of about 39% NMOCs in United States
[8]. People living and working near landfills are vulnerable
to contaminated air from landfills via inhalation. If the
exposure to such volatile compounds is eternal it can result
in health issues like respiratory problems, damage to central
nervous system and are carcinogenic [1]; [20]; [25].
Mortality in patients having long term exposure to such
odorous gases can be caused by obnoxious reactions like
stress on physical as well as mental health which involve
respiratory problems, anxiety headache, vomiting, irritation
in eye and other health problems [3]; [14]; [16]; [17]; [18];
[28]; [36];. These issues have led to rising concerns and
complaints for analysis of odour pollution [23]; [36]; [38].
Among all possible techniques to measure odorous gases,
the inspection of surrounding air was done by AERMOD
model version 09292 which was used from the open source
at USEPA web source (DOS based format) for evaluating
emission scenarios and LandGEM Version 3.02 has been
used to create emission inventory [15]. In India because of
the “Clean Air Initiative Program” started jointly by the
MoEF&CC and USEPA an integrated urban air quality
modelling methodology is being enhanced in the city of
Pune. A proposal to use a Gaussian air pollutant dispersion
model, viz. AMS/EPA regulatory model or AERMOD [6] to
study the distribution of particulate matter (PM10) in Pune
has been put forward [15].
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LandGEM estimates the gases emitted from landfills on the
basis of the first order decomposition rate equation which
measures emissions from decomposition of MSW. The
software gives a relatively simple perspective for analysing
landfill gas emissions. Field test data can be utilised instead
of model defaults whenever accessible. More instruction on
EPA test methods can be found in the Clean Air Act (CAA)
regulations. LandGEM is dependent on gas produced from
landfill waste decomposition. It gives an idea of landfill
attributes and can measure up to 4 gases or pollutants such
as methane, carbon dioxide, NMOC, total landfill gas and
around 46 air pollutants. We have prepared inventories
which display tabular emission evaluation of odorous gases.

II.

METHODOLOGY

A. Study Domain
Pune is located in the western part of India. Pune has a high
rate of population expansion. This exponential increase in
Pune metropolis during the last decade has been in terms of
area, industry, population, and Pune ranked second in the
Smart City scheme of the Central Government, but now
resembles a garbage depot. About 2000 to 2100 tonnes of
waste is produced daily in Pune city [29]. This is collected
and sent to 48 different processing plants, the largest of
which is the Uruli - Phursungi garbage depot, which takes in
450 to 500 tonnes of waste every day [29]. Another solid
waste composting site is located at Ramtekdi, Hadapsar
which is operated by a Mumbai based firm, Rochem
Separations Systems (India) Pvt. Ltd. Living standards have
put immense pressures on solid waste management system
of the local municipal body. The plant was being operated
on a Build Operate-Transfer [BOT] basis to process 700
tonnes of dry waste and to generate 10 MW electricity every
day [29]. The plant uses gasification/pyrolysis technology to
generate electricity from waste. As per National Green
Tribunal [NGT] order no. 918, Rochem Separation India
Pvt. Ltd is using the facility for manufacturing RDF and
keeping the heaps of exposed compost both within and
outside facility. Due to uncontrolled burning of RDF and
heaps of compost lying unscientifically in and outside the
facility, the nearby residents suffer from obnoxious gases
[7]. The NGT has directed the Maharashtra Pollution
Control Board [MPCB] to carry out ambient air monitoring
to ascertain the presence of odorous gases and other
parameters of ambient air quality. The MPCB has appointed
Technogreen Environmental Solutions [TES] to carry out
ambient air monitoring for odorous gases along with other
regular parameters of ambient air quality as per National
Ambient Air Quality Standards [NAAQS] 2009. No. 86,
Ramtekdi, Hadapsar, Pune. The coordinates of the site are
18º 29’ 32.87” N and 73º 55’ 15.77” E. The facility is
located at Ramtekdi Industrial area on the outskirts of Pune
in an area of approximately 2.5 acres allotted by Pune
Municipal Corporation [PMC]. The nearest residential area
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to the site is Samarth Nagar located at an aerial distance of
0.25km.
Sensitive places located nearby are Ramtekdi temple and
Hadapsar Vidyalaya and Jr. College, Hadapsar. The Pune Solapur highway is located at 1.24km from study site. The
facility generates energy from waste. The plant is based on
Public Private Partnership (PPP) model of waste to energy.
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Wind direction can frequently contribute to temporal
variation in air pollutant concentrations. Each of the
monitoring locations was selected considering the wind
direction. Wind showed an average speed of 6.1 km/h.
The details of each of these sites at a radial distance of
around 100m were mapped for sources during the
ground work for selecting the representative sites.
C. Sampling

B. Meteorology
The meteorology was analysed so as to understand the
nature and extent of air pollution in the study area. The
meteorological conditions at the project site regulate the
transport and diffusion of air pollutants released into the
atmosphere. In summer the peak temperature may go up to
40°C and the minimum stays between 20 to 25°C. During
monsoons, temperatures remain mild around 30°C and
night’s ranges between 20°C to 22°C. Winter months
(November to February) are slightly cold and the minimum
temperature can go below 8°C while maximums remain in
the higher twenties. To study the current scenario the
highest average temperature was observed between
February to June 2018. The average temperature in the
month of November 2018 varied from 16°C to 31°C.
The second important parameter is wind (wind direction and
wind speed). As per secondary data for 2018, a wind rose is
presented below in Fig. 1 that shows the predominant wind
direction. The wind observed for 24 hours was found to
blow from “West to East”. The wind direction is responsible
for carrying pollutants to the receptor. The dispersion of
odour can be assessed from the site by studying the wind
direction in that area.

TES has carried out the above mentioned study in
consultation with MPCB officials. With reference to
CPCB National Ambient Air Quality Series:
NAAQMS/36/2012-13 and study of secondary data
along with CPCB protocol, sitting criteria is used as the
base for establishment of monitoring networks. Recci
survey for location finalization was carried out in
consultation with MPCB Officials.
D. Dispersion Modelling
An emission inventory was prepared to understand air
contamination in the nearby area. Modelling was
carried out by considering a grid of 9 by 9 km around
the site to treat the habitation through receptor. Air
emissions can cause health and nuisance problems not
only in the locality but sometimes away from locality
too. Air Dispersion Modelling predicts problems with
emissions from a site and helps explore the effects of
various solutions.
AERMOD model version 09292 was used from the
open source at USEPA web source (DOS-based format)
for evaluating emission scenarios. The inputs to the
model are defined in five functional pathways. Each of
these functional parameters include several options that
may be user defined or set as default. AERMOD is able
to give appropriate information about emission source
identification and control [10]. LandGEM Version 3.02
was used to create emission inventory. It provides
comparatively transparent results for examining gas
emissions from landfills.
E. Sampling network

Fig 1. Wind rose plot for Pune

As discussed above, a preliminary survey was carried
out to design monitoring network with regards to the
present study objectives. Based on predominant wind
directions and considering flat land around the site, five
representative locations were identified for ambient Air
monitoring during the study. These representative
locations were selected within a radius of 2 km from the
site for covering the areas located in upwind, downwind
and cross wind directions of the project site to evaluate
and understand the pollutants present in nearby
environment. Nearest habitants were considered while
preparing sampling network.
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Sampling plan

analysed for specific parameters as per the standard
protocol. This method is used for assessing odorous
compounds. Instruments used were also calibrated from
authorized laboratory.

The Ambient Air monitoring has been done by a Ministry of
Environment, Forest and Climate Change (MoEF&CC)
recognized laboratory. Ambient Air monitoring was done
for 24 hours at each of the five identified locations for two
consecutive days. Sampling was carried out on 13th and
14th November, 2018. The sampling plan is presented in
Table I.

III.

RESULTS AND DISCUSSION

TES has carried out Ambient Air monitoring and odorous
gasses monitoring for a period of 24 hours at five locations
(S1, S2, S3, S4, and S5) and has obtained following results.
Details are presented below.

TABLE I. SAMPLING PLAN
Sr.
No.

Location

Sample
ID

Wind
Direction

1

Rochem Separation Pvt.Ltd.- Waste Disposal Site.

S1

----

PM2.5, PM10, Sulphur Dioxide and
Oxides of Nitrogen

2

Eagle- Burgmann India Pvt.Ltd., Near Hadapsar School
& Jr. College

S2

Upwind

Ozone, Carbon Monoxide,
Ammonia, Lead, Arsenic, Nickel

3

Chopade Audyogik Centre, Samarth Nagar

S3

Downwind

4

CO-EFF Friction Rands
Industry, Sayad Nagar

S4

Crosswind

Methanol, Methyl Mercaptane
(CH4S)

5

Near Reliance Plaza, Vardhaman

S5

Downwind

H2S and Total VOCs

The locations identified also include sensitive areas nearby
that may be affected due to odorous gases, if any. Also, an
emission inventory of 9 × 9 km was created to treat the
habitation through receptor and predict odour causing gases
while carrying out modelling of gases.
G.

Sampling Methodology

Ambient air monitoring was carried out on a 24 hour basis
over two consecutive days. Sampling at five locations was
carried out with help of different instruments with reference
to National Ambient Air Quality guidelines. Sulphur
Dioxide (SO₂), Nitrogen Dioxide (NO₂), Particulate Matter
(PM₂.₅), Particulate Matter (PM₁₀), Lead (Pb), Benzene
(C₆H₆), and Benzo(a)Pyrene (BaP). Only the particulate
phase was analysed using IS: 5182, whereas Volatile
Organic Carbon, Methanol Methyl Mercaptane, Hydrogen
Sulphide (H₂S) were analysed using digital analyser. Air
sampling was carried out for the above parameters using
Fine Dust Samplers. Sampling was carried out over an
averaging period of 24 hours. Instantaneous readings for
Volatile Organic Compounds (VOCs) and other groups of
air pollutants having odour were also recorded. Sampling of
Methyl Mercaptane which has a typical rotten cabbage smell
was also undertaken. These components were analysed
using sensor based instruments. Readings through sensor
based instruments were taken on an hourly basis. Average
results of the same are presented in Table II. There are no
standards for these compounds. However samples collected
from each of the locations have been tagged using standard
format. These samples were then preserved at 4°C and
transported to the laboratory. Thereafter, these samples were

Frequency

Twice

Parameter

Benzene Benzo(a)pyrene

A. Air Quality Standards as per NAAQS
Ambient Air quality monitored at five locations as per
National Ambient Air Quality Standards on two consecutive
days D1 (13th November, 2018) and D2 (14th November,
2018). The results of the same are presented below.
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TABLE II. RESULTS OF AMBIENT AIR MONITORING
Sr.
No.

Results

Parameters
S1

S2

S3

S4

Units

Standard
limits

S5

Copyright © 2019 The Author(s). Published by International Journal of Research and Engineering - IJRE. This is an Open Access article under the CC BY 4.0 license.

D1
1.

Sulphur Dioxide (SO2)

16.0

36.0

11.7

34.3

23.57

µg/m3

80

2.

Nitrogen Dioxide (NO2)

27.3

34.0

22.6

47.6

41.54

µg/m3

80

3.

Particulate matter (PM10)

62.8

86.6

78.2

52.6

184.29

µg/m3

100

4.

Particulate matter (PM2.5)

22.4

44.5

47.9

24.1

79.15

µg/m3

60

5.

Ozone (O3)

16.0

20.00

19.5

19.1

23.00

µg/m3

180

6.

Lead (Pb)

0.09

0.11

0.08

0.16

0.59

µg/m3

1.0

7.

Carbon Monoxide (CO)

2.29

0.83

2.91

2.20

3.04

µg/m3

04

8.

Ammonia (NH3)

21.5

14.0

24.0

19.83

µg/m3

400

3

26.9

9.

Benzene (C6H6)

BDL

BDL

BDL

BDL

BDL

µg/m

5

10.

Benzo-pyrene (BaP)

BDL

BDL

BDL

BDL

BDL

µg/m3

1

11.

Arsenic (As)

0.11

0.16

0.11

0.19

1.57

µg/m3

6

3

12.

Nickel (Ni)

0.25

0.29

0.19

0.85

1.92

µg/m

20

D2
1.

Sulphur Dioxide (SO2)

17.2

34.4

12.4

32.5

28.46

µg/m3

80

2.

Nitrogen Dioxide (NO2)

26.5

32.1

23.4

49.2

39.87

µg/m3

80

3.

Particulate matter (PM10)

64.1

82.4

76.4

54.1

176.49

µg/m3

100

4.

Particulate matter (PM2.5)

21.4

42.1

44.2

29.7

82.38

µg/m3

60

5.

Ozone (O3)

15.4

18.5

18.6

20.3

21.46

µg/m3

180

6.

Lead (Pb)

0.07

0.13

0.05

0.18

0.67

µg/m3

1.0

7.

Carbon Monoxide (CO)

2.35

0.78

2.14

2.14

2.96

µg/m3

04

8.

Ammonia (NH3)

19.8

24.3

13.4

21.4

17.41

µg/m3

400

9.

Benzene (C6H6)

BDL

BDL

BDL

BDL

BDL

µg/m3

5

10.

Benzo-pyrene (BaP)

BDL

BDL

BDL

BDL

BDL

µg/m3

1

11.

Arsenic (As)

0.14

0.12

0.14

0.17

1.34

µg/m3

6

1.56

3

12.

Nickel (Ni)

0.19

0.27

Carbon Monoxide was analysed through gas analyser on an
hourly basis. Hourly observations of the same are presented
in Fig. 2 for day 1 (D1) and day 2 (D2) respectively.

0.13

0.67

µg/m

20
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Fig. 2. Concentration of Carbon Monoxide on D1 and D2.
B. VOC and Odorous gases

compound is presented in the figures below. Out of the 52
gases modeled, concentrations of only 4 gases were
observed. The emission factor obtained was 1.13 E-04
gm/m2/s. The results of said study are presented in Table
III.

A grid of 9km × 9km was created to study the
concentrations of various odorous pollutants surrounding the
project site. A total of 52 odorous gases were studied. In line
with discrete points, the detailed study for each odorous

TABLE III. CONCENTRATION IN 9 X 9 KM GRID (mg/m3)
Id

Gas / Pollutant

Maximum

Minimum

Mean

POL001

Total landfill gas

10.76107

0.02346

1.73E-01

POL002

Methane

2.86644

0.00625

4.62E-02

POL003

Carbon dioxide

7.87558

0.01717

1.27E-01

POL004

NMOC

0.1238

0.00027

2.00E-03

Total landfill gas, methane, carbon dioxide and NMOC were
four odorous gases, the concentrations of which were

recorded. Concentrations at 17 discrete points plotted and
dispersion modeling of these gases is given.
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Fig. 3. Concentration and Dispersion (µg/m3): Total Landfill Gas.

Fig. 4. Concentration and Dispersion (µg/m3): Methane

Fig. 5. Concentration and Dispersion (µg/m3): Carbon Dioxide

Fig. 6. Concentration and Dispersion (µg/m3): NMOC
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VOC and odorous gasses were also carried on hourly basis
for two consecutive days i.e. D1 and D2 the results are
represented below.

over long distances by wind and then settle on the ground or
water.
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TABLE IV. RESULTS OF ODOROUS GASES
Sr. No.

Parameters

Results
S1

S2

S3

S4

S5

Units

Standard limits as
per OSHA

D1
1

Methanol

28.1

0.36

20.1

0.0

3.70

ppm

N.S

2

Methyl Mercaptane (CH4S)

0.03

0.02

0.04

0.0

0.0

ppm

10

3

Hydrogen Sulphide (H2S)

0.11

0.02

0.02

0.0

0.00

ppm

20

4

Total VOCs

0.34

0.00

0.11

0.0

0.0

ppm

N.S

2.57

ppm

N.S

D2
1

Methanol

27.4

0.39

18.6

0.0

2

Methyl Mercaptane (CH4S)

0.03

0.03

0.04

0.0

0.0

ppm

10

3

Hydrogen Sulphide (H2S)

0.12

0.01

0.02

0.0

0.00

ppm

20

4

Total VOCs

0.31

0.0

0.08

0.0

0.0

ppm

N.S

All the above parameters were also analysed on hourly basis
to study the variations and obtain optimum results. The
observations on D1 and D2 are presented in below.
TABLE V. AVERAGE VALUES OF ODOROUS GASES AND VOCS
Locations

S1

S2

S3

S4

S5

Time

D1

D2

D1

D2

D1

D2

D1

D2

D1

D2

Methanol

28.1

27.50

0.4

0.4

20.1

20.0

0.0

0.0

3.7

3.5

Methyl Mercaptane

0.03

0.04

0.02

0.05

0.04

0.04

0.00

0.00

0.00

0.00

Hydrogen Sulphide

0.11

0.10

0.02

0.03

0.02

0.02

0.00

0.00

0.008

0.008

VOCs

0.34

0.32

0.00

0.00

0.11

0.10

0.00

0.00

0.00

0.00

The Central Pollution Control Board (CPCB) most
commonly reports hydrogen sulphide (rotten egg odour),
ammonia (sharp pungent odour) and mercaptane as odour
producing compounds. These odorous gases were also
monitored at all locations. It is observed that all such
parameters are well within permissible limits. It can also be
stated that no odorous gases were noted.

IV.

CONCLUSION

The size of particles is directly linked to their potential of
causing health problems. Small particles less than 10
micrometers in diameter pose the greatest threat as they can
get deep into the lungs and some may even get into the
bloodstream. Fine particulate matter (PM2.5) is the main
cause of reduced visibility (haze). Particles can be carried

Model outputs were obtained for emissions of 52 pollutants
in each of the 500m × 500m receptor grid spread across 9
sq.km gridded impact zone around the proposed site.

The results of these emissions for each grid were plotted in
SURFER by taking into consideration the location of X and
Y coordinates of each grid versus the emission values for
the respective grid. Contour maps were plotted for each of
the pollutants for a variety of source groups as discussed
earlier representing the impact of each of these sources.
Only four pollutants show measurable concentrations viz.
Total Landfill Gases, Methane, Carbon Dioxide, and
NMOC. However all odorous gases are well within the
prescribed limits. The maximum concentration of odorous
gases was observed near Samarth Nagar that is located at
approximately 300m away from the site.
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