


  



To the READER    

 

Central Pollution Control Board (CPCB)  awarded the  project “Development of 

National Guidelines on Odour Monitoring & Management of Urban Municipal Solid 

Waste (MSW) Landfill Site”  to M/s. J.M. EnviroNet Pvt. Ltd. (henceforth Project 

Consultant), Gurugram, Haryana, India in September 2015. The sampling & 

analysis protocols for determining odour emission   from MSW Landfill site is 

the core of this study around which the pilot study on Odour monitoring was 

conducted at the identified MSW landfill site at Ghazipur located in East Delhi. 

Dynamic Olfactometry is the internationally accepted & recommended method 

which facilitates field sampling cum laboratory analyses by expert panelists – 

both, the expertise & instrumentation is cost prohibitive for a pilot study.  In 

India ODOUR is a NEW area which needs to be familiarized, hence literature 

survey on various aspects and also to explore economically feasible and 

adaptable methods to create a database that can assist in generating mass 

awareness. For CPCB’s pilot study on Odour monitoring the use of Field 

Olfactometry was accepted. Odour Dispersion modeling & mapping was done by 

IIT Delhi. The above exercise assisted in preparing the Guidelines on Odour 

Monitoring in MSW Landfills which recognizes the diverse climatic zones of 

our vast country, hence odour surveys at MSW landfill sites cannot be 

generalized but to be assessed on a case to case basis taking into consideration 

the unique temporal & spatial influences of each MSW landfill site. This report 

is in compliance of the project’s ToR conditions. For simplification, the entire 

study is being presented in following FOUR PARTS in order of their 

development.  

 

1. Sampling & analysis protocols for determining odour emission from 

MSW Landfill site  ( page 1-94 ) 

2. Case study – Pilot  Study  on  Odour Monitoring  at  Municipal  Solid  

Waste  (MSW)  Landfill  Site,  Ghazipur,  East Delhi   in   year 2016   

(page 95-130 ) 

3. Dispersion modeling & mapping of Odour in Ghazipur MSW Landfill 

site in East Delhi  ( page 131-160 ) 

4. Guidelines on Odour Monitoring in Urban MSW  

 Landfill ( page 161-230) 
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GLOSSARY 

 

1. ODOUR  Odour is defined as perception of smell.   The property of 

certain substances, in very small concentrations, to stimulate chemical 

sense receptors   (sense of olfaction) that sample the surrounding air.   

2. ODOUR DETECTION THRESHOLD- Odour detection threshold is the 

lowest Odourant concentration necessary for detection by a certain 

percentage of the population, normally 50%. This concentration is 

defined as 1 odour unit.  (also see ODOUR UNIT  )  

3. ODOURANT A substance which stimulates a human olfactory system so 

that an odour is perceived. 

4. ODOUR INTENSITY   The strength of an odour perceived above its 

threshold. It is determined by an odour panel and is described in 

categories which progress from “not perceptible” followed by   “very weak”   

through to “extremely strong”. 

5. HEDONIC TONE   Hedonic tone is the degree to which an odour is 

perceived as pleasant or unpleasant. Such perceptions differ widely from 

person to person, and are strongly influenced, inter alia, by previous 

experience and emotions at the time of odour perception. 

 

HEDONIC TONE SCALE 

 
 

6. ODOUR CHARACTER  Odour character is basically what the odour 

smells like,  it allows one to distinguish between different odours. For 

example, ammonia gas (NH3) has a pungent and irritating smell. The 

character of an odour may change with dilution. 

7. ODOUR CHARACTERISTIC  Odour may not cause any direct damage to 

health but the toxic stimulants may lead to ill effects on the respiratory 

system. Secondary effects such as nausea, insomnia and discomfort are 

commonly observed. Very strong odour can trigger the symptoms such as 

nasal irritation & breathing problems among the individuals. Frequency, 

Intensity, duration, odour unpleasantness and location are the 

characteristic of an odour for assessing its offensiveness. 

8. ODOUR CONCENTRATION   ODOUR concentration is measurement in  

odour units (OU) in one cubic meter of gas at standard conditions and 

https://www.britannica.com/science/receptor-nerve-ending
https://en.wikipedia.org/wiki/Sense
https://en.wikipedia.org/wiki/Olfaction


assigned the dimension of odour units per cubic meter (OU/M3). ( also 

see ODOUR UNIT  ) 

9. ODOUR INTENSITY  Odour intensity is the strength of the perceived 

odour sensation. Perceived odour intensity is the relative strength of the 

odour above the recognition threshold, it is related to the odourant 

concentration. Generally odour intensity increases with the odourant 

concentration. The relationship between intensity and concentration, is  

expressed as: 

I = k (C) n      or       Log I = Log K + n Log (C) 

where          I – Intensity      C – Concentration     k – Constant      n – 

Exponent 

This is known as Stevens’ law or the power law.  

 

10. Odour Intensity is expressed in parts per million of butanol. The 

odour intensity is usually stated according to a pre-determined rating 

system, widely used scale for odour intensity is given in Table below. It is 

usually accepted that a “distinct” odour may just be able to be recognized 

(i.e. has a concentration equivalent to its recognition threshold), an odour 

described as “distinct” under highly controlled laboratory conditions is 

likely to be harder to detect in the ambient environment. 

 

Odour Intensity Intensity Level 

Extremely strong 6 

Very strong 5 

Strong 4 

Distinct  3 

Weak 2 

Very weak  1 

No perceptible 0 

   

11. ANNOYANCE It is defined as interference with comfortable enjoyment of 

life and property. 

12. DILUTION TO THRESHOLD (D/T) RATIO  It is a measure of the number 

of dilutions required to make the odourous air  , non-detectable. 

13. ODOUR  PERSISTENCE It is term used to describe the rate at which an 

odour’s perceived intensity decreases as it is diluted, it can be 

represented as a ‘ Dose – Response ’ function , a relationship of odour 

concentration and odour intensity. 

14. ODOUR UNIT  That amount of Odourant(s) when evaporated in one cubic 

meter of neutral gas at standard conditions elicits a physiological 

response from a panel (detection threshold) equivalent to that elicited by 

one European Reference Odour Mass (EROM), evaporated in 1 m3 of 

neutral gas at standard conditions. One EROM is equivalent to 123 µg n-

butanol. Evaporated in 1 m3 of neutral gas this produces a concentration 



of 0.040 µmol/ mol= volume fraction of 40 ppb.  The odour concentration 

(ouE / m3) is statistically equal to the dilution factor of the perception 

threshold; for example, a concentration of 200 (ouE/m3) means that the 

sample has been diluted two hundred times to reach the panel threshold.  

15. ADAPTATION  The phenomena of reduced sensitivity to a stimulus after 

prolonged exposure, unlike habituation this refers to a reduced 

physiological response as opposed to psychological response to a stimuli. 

16. DILUTION FACTOR    The dilution factor is the ratio between flow or 

volume after dilution and the flow or volume of the odourous gas. 

17. ODOUR EMISSION  The number of odour units per second discharged 

from a specific source. 

18. REFERENCE ODOUR MASS (ROM) The ROM is equivalent to 123 mg of 

n-butanol evaporated in 1 m3 of neutral gas. (also see ODOUR UNIT  ) 

19. Specific or SURFACE ODOUR EMISSION RATE (SOER)  The SOER per 

unit area of surface, which has units of odour per unit area per time (e.g. 

OU/M2s or OU/M2h). 

20. OLFACTOMETER   Apparatus in which a sample of odourous gas is 

diluted with neutral gas in a defined ratio and presented to assessors. 

21. STATIC OLFACTOMETER  In a static olfactometer dilutes by mixing two 

known volumes of gas, odourous sample & neutral gas, the rate of 

dilution is calculated from the known volumes. It is ‘static’  because only 

one dilution can be made at a time. 

22. DYNAMIC OLFACTOMETER  A dynamic olfactometer delivers a flow of 

mixtures of odourous and neutral gas with known dilution factors in a 

common outlet. Here the concentration may be change at the will of 

operator by mechanical means.  

23. ELECTRONIC NOSE (E-Nose)   It is a device which can simulate the 

electronic / electrical responses of single or various compounds similar to 

the human olfactory mechanism to report odour concentration. 

Technically E-Nose is defined as ‘electronic device that uses an array of 

solid-state sensors, or synthesized protein sensors, that respond to the 

presence of different chemical compounds. The resulting electronic 

signals are processed using neural network computing techniques helps 

to  produce a two-dimensional spectral pattern that is specific to a 

particular mix of chemical compounds. The aim is to create different 

spectral signatures that can identify / fingerprint specific types of odour 

character. 

24. FUGITIVE SOURCE  Any type of odour emission that cannot be readily 

quantified or defined. This usually refers to such sources as leaks in 

pipes, flanges, pump seals or structures, openings in buildings, floor 

spills, occasional sources such as uncovered truck loads or releases from 

pressure relief valves  and leaks in seals on covered tanks. 

25. GAS CHROMATOGRAPHY An analytical technique form of 

chromatography that separates and detects compounds by the rate in 

which they move through an inert or un-reactive carrier gas such as 



nitrogen, helium or carbon dioxide. The time taken (residence time) to 

move through the glass or metal tube called  ‘column’ is used to 

determine the type of compound present within the sample. 

26. ODOUR  ISOPLETHS  A line on a map connecting places registering the 

same amount or ratio of some geographical or meteorological 

phenomenon or phenomena, commonly used to illustrate the output of 

odour models. 

27. ODOUR FLOW RATE The odour flow rate is the quantity of European 

odour units which crosses a given surface divided by time. It is the 

product of the odour concentration , the outlet velocity V and the outlet 

area A or the product of the odour concentration cod and the pertinent 

volume flow rate, V,  the  unit  are either  OUE/h or OUE/min or OUE/s. 

28. PANEL MEMBER An assessor who is qualified to judge samples of 

odourous gas, using Dynamic Olfactometer within the scope of the 

standard. 

29. PANEL  A group of panel members 

30. STATIC FLUX HOOD  An odour-sampling hood that is placed over an 

area source and which has a low flow-rate of neutral gas injected to allow 

a mixed air stream to be expelled from the hood. These devices work on 

the same principle as wind-tunnel sampling hoods   except that air 

within the static hood exhibits minimal turbulence. 
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ABBREVIATIONS 

 

NAAQS : National Ambient Air Quality Standards 

ALARA : As Low As Reasonably Achievable 
APHA :  American Public Health Association 

ASTM : American Society for Testing Materials 
BDL : Below Detection Level 

BOD : Biochemical Oxygen Demand 
C&D : Construction and Demolition  

C&I : Commercial and Industrial 
CEN : European Committee for Standardization 

CERs : Certified Emission Reductions 
CFD : Computational Fluid Dynamics 

Cd : Cadmium 
COD : Chemical Oxygen Demand 

CDM : Clean Development Mechanism 
CH4 : Methane 

CO2 : Carbon dioxide 
COPCs : Contaminants of Potential Concern 

cm : Centimeter 
CPCB : Central Pollution Control Board  

D/T : Dilution to Threshold ratio  
ECD : Electron Capture Detector 
EP(A) : Environment Protection Act 

EROM : European Reference Odour Mass 
EU : European Union  

FPD : Flame Photometric Detector 
GC : Gas Chromatography 

GC-FID : Gas Chromatography -Flame Ionization Detector  
GC-MS : Gas Chromatography–Mass Spectrometry 

GCV : Gross Calorific Value 
GLP : Good Laboratory Practice 

HDPE : High-density poly-ethylene 
HFP : Hexa Fluro Propylene  

HPLC : High Performance Liquid Chromatography 
HS : Head Space technology 

IS : Indian standards 
ISO : International Standards  Organization  

ITE  Individual Threshold Estimates 
JMEPL : JM EnviroNet Pvt. Ltd. 

kg : Kilograms 
km : Kilometers 

LFG : Landfill gas 
LU / LC : Land use / Land Cover ratio 

M : Meters 
mbgl : meters below ground level 

MCD : Municipal Corporation of Delhi  
MOEF&CC : Ministry of the Environment Forests & Climate Change 

mm : Millimeter 
MSW : Municipal Solid Waste 

MSMEs : Micro Small Medium Enterprises 

https://www.env.go.jp/en/


 MT : Million Tons 
MTD : Million Tons per day 

MW : Mega Watt 
NABL : National Accreditation Board (for Testing & Calibration) 

for Laboratories 
NE : North East 

NIOSH : National Institute for Occupational Safety & Health  
NMAM : NIOSH Manual of Analytical Methods  

NGO : Non Government Organization 
NMOCs : Non-Methane Organic Compounds 

NSIC : National Small Industries Corporation 
OU : Odour Unit 

PAHs : Poly Aromatic Hydrocarbons  
Pb : Lead 

PFPD : Pulse Flame Photometric Detector  
POI : Point of Implement 

PCBs : poly-chlorinated biphenyls  
ppb : Parts per billon 

ppm : Parts per million 
PTFE : Polly tetra Fluoro Ethylene 

PET : Poly ethylene Terephthalate  
RDF : Refused Derived Fuel  

ROM : Reference Odour Mass  
RSC : Reduced Sulfur Compounds  

RSO : Reduced Sulphur Odourants 
SOER : Specific Odour Emission Rate  

SOP : Standard Operating Procedure 
SPME : Solid Phase Micro Extraction  

SWDS : Solid Waste Disposal Site 
TD : Thermal desorption  

TDS : Total Dissolved Solids  
TOC : Total Organic Carbon 

ToR : Terms of Reference 
 TKN : Total Kjeldahl Nitrogen 

TPD : Tones per day 
USA : United States of America 

USEPA :  United States Environmental Protection Agency 
VOCs : Volatile Organic Compounds 

XOCs : Xenobiotic organic compounds 

https://en.wikipedia.org/wiki/Polyaromatic_hydrocarbons
https://en.wikipedia.org/wiki/Polychlorinated_biphenyls
















http://www.odotech.com/en/products/odile/












































https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Fungi
https://en.wikipedia.org/wiki/Organic_material


https://en.wikipedia.org/wiki/Condensation_reaction


https://en.wikipedia.org/wiki/Air_pollution
https://en.wikipedia.org/wiki/Water_pollution
https://en.wikipedia.org/wiki/Thermal_pollution
https://en.wikipedia.org/wiki/Noise_pollution
https://en.wikipedia.org/wiki/Light_pollution
https://en.wikipedia.org/wiki/Pollution
https://en.wikipedia.org/wiki/Point_source
https://en.wikipedia.org/wiki/Point_(geometry)
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 CHAPTER - I   
 

ODOUR IS A  PUBLIC NUISANCE 
 

Growing awareness on odour 

 

 Increasing awareness on odorous emissions from  effluent , sewage & solid 

wastes due to lack of  adequate scientific tools to  assess odour levels.  Besides  

increasing public complaints due to odorous emissions from  above sources. 

 
Table :  Some Common sensory perceptions   

 

Sensory tool Sensory Perception 

RAINBOW  (eyes)  the seven key colors   - VIBGYOR  

MUSIC    (ear)  Seven key notes : 

 sa-re-ga-ma-pa-dha-ni     

          or  

 do-re-me-fa-so-la-ti    

TASTE    (tongue) 

(range bitter to sweet)  

Five  key tastes :  

sweet, sour, bitter, salty, and umami 

(Japanese flavour).  

ODOUR  (nose)  

Science of smell—olfaction—

was too complex for experts to 

group neatly into categories. 

Now researchers from Bates 

College and the University of 

Pittsburgh have used a 

mathematical algorithm to 

bring hundreds of standard 

smells down to their basic 

essence  

 Odours  fall into combination of   following 

NINE basic categories of smell:  

(1) Fragrant         

(2) woody/resinous   

(3) Fruity (citrus)         

(4) chemical  

(5) minty/peppermint  

(6) sweet         

(7) popcorn                   

(8) pungent  

(9) decayed/ rotten  

 

Odour perception by the human brain   

 
Odour is defined as perception of smell , it may be range from being unpleasant 

(rotten smell of  garbage)  to pleasant (ex fragrance) and is generally caused by 

one or more volatilized chemical compounds, generally at a very low 

concentration, that humans are able to perceive by the sense of olfaction.  

Odour sensing mechanism is unique in man & animals. Due to the complex 

nature of odour perception, the level of sensitivity (response) to odour within a 

population may  vary  from person to person.  An impulse of smell is conveyed 

by two main nerves: 

 

- Olfactory nerve (first cranial nerve) : these nerves process the 

perception of chemical. 

https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Sense
https://en.wikipedia.org/wiki/Olfaction
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- Trigeminal nerve (Fifth cranial nerve):  process the irritation or 

pungency (sensation of chemical) 

 

All the olfactory signals meet in the olfactory bulb from where the information is 

distributed to two different parts of the brain. One of the major pathways of 

information is to the limbic system which processes emotions and memory 

response of the body. The second major pathway involves frontal cortex, where 

the conscious sensations take place, as the information is processed with other 

sensations, it is than compared with accumulated life experiences (memory) of 

individuals  to explore possibility to recognise the odour and make  the 

necessary decision. This entire activity from sensation in nostrils to signal in 

the brain is completed within 500 milli seconds.  

 

 Odour affects quality of life – a public nuisance  
 

Presence of any air pollutants or odour at undesirable levels affects air quality 

thereby affecting normal life of citizens. Odour, in scientific terms is an 

organoleptic attribute perceptible by the olfactory organ on sniffing certain 

volatile substances. The odour sensation is induced by inhaling airborne 

volatile organics or inorganics, which may or may not have toxic effects. Partial 

putrefaction of the waste produces obnoxious odorous volatile organic and 

inorganic substances   disturbs the aesthetic environment.   

 

Odour emissions affects quality of life leading to psychological stress and 

symptoms such as insomnia, loss of appetite and irrational behavior.    Odour 

emissions originate principally due to release various compounds in the 

atmosphere formed by the biological and chemical decomposition of the waste 

(mainly domestic solid waste), hence complaints on odour are increasingly  on 

the rise more often in thickly populated areas particularly  w.r.t. municipal 

waste disposal practcies.  The odour sources may be numerous (drains , 

stagnant water bodies, fish & meat markets ) however (municipal) solid waste 

disposal sites attract maximum complaints from nearby localities in the near 

vicinity.  

 

Since odour is a perception, it is difficult to measure by any instrument or 

chemical method. However, conversion of equivalent sensory signal into a 

measured value is the basic concept of odour measurement and is termed 

“OLFACTOMETRY”. As Odour sensing is directly link to transmission of signals 

through one of the cranial nerves (olfactory) to the brain,  the odour attributes 

may affect memory.   

 

Health impacts due exposure to odour  
 
The imbalance between existing infrastructure and increasing quantum of 

waste generation coupled with improper management of MSW increases the 
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vulnerability to increasing odour problems, communities residing near MSW 

disposal sites largely experience unpleasant odour problems.   Exposure to an 

offensive high intensity odour may cause behaviour impact on human beings  

depending on the if the type of odour & its concentration (above the threshold 

limit) , in some cases  odourants may impact health due to their toxic nature. 

Some of the health impacts are described as under : 

 

 Vomiting, Headaches, Nausea 

 Stress, anxiety, frustration 

 Social embarrassment to host  

 Restricting outdoor activities  in children due to bad odour  

 Sleep disruption  

 Discomfort 

 

There are several types of smell disorders depending on how the sense of smell is 

affected. People who have smell disorders experience either a loss in their 

ability to smell or changes in the way they perceive odours.  

 

  
 

Figure : Odour  Public   nuisance  (Improper garbage dumping & open drain 

discharge ) 

 

Odour – WHO’s nuisance threshold level 

 
Health is a state of complete physical, mental and social well  being and not 

merely the absence of disease or infirmity. 

 

• Odours  is one of the pollution perception vectors with dust and noise as 

the other  (URBAN issue  ).  

 

• Odor annoyance affects the quality of life, therefore the social well being 

dimension of the health;  
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There are several types of smell disorders depending on how the sense of 

smell is affected. People who have smell disorders experience either a loss 

in their ability to smell or changes in the way they perceive odours.  

 

As per WHO the nuisance threshold level is defined as the concentration at 

which not more than a small proportion of the population (less than 5%) 

experiences annoyance for a small part of the time (less than 2%). 

 
Some  typical  odour perceptions  
 

Some  typical odour perceptions are listed below : 

 

i. Substance of similar or dissimilar chemical constitution may have similar 

odour, nature and strength of odour may change on dilution. 

ii. Sometime odourants having strong intensity (like mercaptans) may mask 

the weak odourants irrespective of their concentration. Odour of same 

strength blends to produce a combination in which one or both may be 

unrecognizable. 

iii. Constant intensity of odour causes as individual to quickly diminishes 

perception of the sensation and only detected when it varies in intensity. 

iv. Fatigue for one odour may not affect the perception of dissimilar odour but 

will interfere with the perception of similar odour. 

v. An unfamiliar odour is more likely to cause complaint than a familiar one. 

vi. Two or more odourous substance may neutralize the smell of each other. 

vii. Odour travels downwind. 

 
 

Figure : Poorly maintained public toilets   & typical cess pool in cities 
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Terminologies  associated with Odour  
 

Odour analysis involves simultaneous chemical and sensory analysis. 

AROMAGRAM is generated by trained human panelist scoring the aroma 

character, duration, intensity and  (un)pleasantness .  When reading reports on 

odour related issues  some new terminologies arise  REFER to GLOSSARY    

 

Figure :   Odour is a fugitive emission 

 

      
 

*** 
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 CHAPTER-II  

 

OVERVIEW OF CPCB’s  PROJECT ON ODOUR  IN MSW LANDFILLS 

 

Guidelines on ambient odour – Europe  

 

In the United States and throughout Europe in the 1970’s and 1980’s there was 

a significant increase in public concern for odors from industrial, agricultural, 

and waste water treatment facilities.  Many of the regulations required the 

measurement of odors through olfactometry, either to prove compliance or to 

measure and monitor odors. Olfactometry has been used throughout the 20th 

century in the medical research community. However, there has existed 

variability of results due to differences in olfactometer design and operating 

performance as well as the lack of consistency in odor testing methods used. 

Ambient Odour guidelines in some European countries is given below.  

 

Table : Odour guidelines in some European countries  

Country Odour guidelines 

Germany 

Here odour limit values w.r.t.  odour hours   ;   In residential 

areas odour frequency should be <10% ‘odour hours’  ; in 
industrial areas   < 15% ‘odour hours’.   

The method VDI 3940, (1993) Determination of Odorants in 
Ambient Air by Field Inspections is applied to determine licensing 

applications. (Odournet 2011). 

Switzerland 
The minimum distance setbacks for various types of animal farm 

; no numeric standard (Bokowa 2010).  

Austria 
The guideline for general odour is 1 ouE/m3 at 8 % of total time 
and  3 ouE/m3 at 3 % of total time. Minimum distance setbacks 

for various types of animal farms. (Bokowa 2010). 

Belgium 

The concept of ‘sniffing units’ is applied , it is similar in use to 

odour units, but they are measured in the field rather than in the 
laboratory, using stack samples, as is done for odour units. 

(Odournet 2011). 0.5 sniffing units means very slight odour and 2 
sniffing units means clear odour.  The for ‘no effect level’ set to 

three types of odour sources. 

 ‘No effect level’ for slaughter houses is 0.5 sniffing units for 2% 

of total time 

 for paint spraying facilities 2 sniffing units for 2% of total time 

 for wastewater treatment plants 0.5 sniffing units for 2% of 
total time.  

The determination techniques rely on dispersion modelling of 
odour emissions or on field panels.    

Denmark 

The exposure criterion states that the ground level concentration 
(GLC) should not exceed 5 to 10 ouE/m3, depending on the 

location (residential or non-residential), at a 99-percentile, with 
an averaging time of 1 minute.  (Odournet 2011).  

Poland 
Has a statutory odour nuisance legislation  for odour nuisance 
prevention guidelines. From year 2009, the guideline used is 1 
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ouE/m3 at 92-percentile as a 1 hour average. From year 2013 the 

guideline is 1 ouE/m3 at 97-percentile as a 1h average. (Kośmider 
2010). Odour frequencies and intensities are be modelled or 

olfactory used in surveys surveyed.  

The 

Netherlands 

The objectives for odour annoyance formulated in year 1995  

state  that by year 2000 no more than 12% of the Dutch 
population would experience odour annoyance and  by  year 2010 

Dutch people are no longer subject to ‘serious annoyance’ of 
odour. These objectives relate to odour annoyance from industry, 

agriculture and road traffic. (Lagas 2010)  
For new environmental permits dispersion modelling using 99-

percentile and one  hourly calculation are used in most of the 
cases to estimate possible odour nuisance risk (Odournet 2011).  

Latvia 

The regulations stipulate that for outline odour target values that 
may not be exceeded for more than 7 days a year: 

a) 10 ouE/m3 polluting activities of category A, B, C; 
b)  8 ouE/m3 in agricultural lands; and 

 c)  5 ouE/m3 elsewhere in the ambient air with no regular 
activity. 

Categories A, B and C are under environmental permissions 
excluding e.g. railroads, port or road transport hubs and waste 

processing warehouses. (Plāte 2005). 

Italy 

Odour regulations exist in Lombardia region. All requirements are 

for 2% of total time on yearly basis and hedonic tone of the odour 
allows authorities to raise the limits.  The acceptability criteria 

relevant to new activities are (Cusano et al. 2010):   
- 2 ouE/m3 at the first receptor in residential area  

- 3 ouE/m3 at the first receptor or at 500 m from the plant 
boundary in commercial areas 

- 4 ouE/m3 at the first receptor or at 500 m from the plant 
boundary in agricultural or industrial areas 

The acceptability criteria relevant to existing activities are: 
- 1-3 ouE/m3 depending on distance (> 500 m to < 200 m) at 

the  first   receptor in residential area 
- 2-4 ouE/m3 depending on distance (> 500 m to < 200 m) at 

the first receptor in commercial areas 
- 3-5 ouE/m3 depending on distance (> 500 m to < 200 m) at 

the  first receptor in agricultural or industrial areas.   

United 
Kingdom 

Has no specific guidelines for odours.  
However, in Scotland region there are indicative criteria of 

significant pollution which can be used in dispersion modelling 
when applying environmental permit for plants. Indicative criteria 
depend on the hedonic tone of odour. Industry types and 

indicative criteria (SEPA 2010)  

Overview of 
global 

Odour 
monitoring 

methods  

Besides the standards adopted are given below: 

i) The EN 13725:2003 - Air quality determination of odour 

concentration  by Dynamic Olfactometry is adopted by 18 
countries (Austria, Belgium, Denmark, Finland, France, 
Greece, Germany, Iceland, Ireland, Italy, Luxembourg, 

Netherlands, Norway, Portugal, Spain, Sweden, 
Switzerland and UK). 
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ii) EN 13725 has been adopted by Australia & New Zealand 

as AS/NZS 4323:2001.  

iii) ASTM E679-91 : Though there is no odour policy in US at 
Federal level, however most of the Universities adopt EN 

13725.  The European Odor Testing standard, prEN 13725 
is becoming the standard of practice in the U.S. and 

Canada.   It is being implemented in university and other 
research laboratories throughout North America.   

iv) Proposals of European Field Investigation methods include 
: 

a. prEN 264086:2011, Part 1 -  Grid measurement and   
b. prEN 264086:2011, Part 2 - Plume measurement  

 

‘Odour’ nuisance recognized National regulations 

 

Some  commonly familiar odorous sources  are : 

 

•  MSW - Rotting  garbage   

• Industry bases  -  Pulp & Paper , tanneries, pharmaceuticals, 

pesticides distilleries , beverages , paints, organic chemicals  

 

 ‘Odour’ nuisance is recognized under National regulations under Environment 

Protection Rules 1986 including under Solid Waste Management Rules 2016  

which is discussed separately.  

 

Table : ‘Odour’  recognized as a NUISANCE in  INDUSTRIES ) 

( Under  Schedule I  , Environment Protection Rules 1986) 

 

Industry  Compliance norms for ODOUR  

Petroleum Refinery  

Standards for eqpts leaks : Any component observed 

to be leaking by sight , sound , smell regardless of 

concentration or presence of bubbles using soap 

solution should be considered as a leak   

Fermentation industry 

(distilleries , maltries &  

breweries)  

All efforts should be made to remove Odour  

Natural rubber 

industry  

Odour should be absent  

Large pulp & paper mill  Hydrogen sulphide (odourous) : 10 mg/ cub.m  

Coffee processing  
No compliance norms , however public complaints are 

received.  

Cashew seed 

processing industry  

No compliance norms , however public complaints are 

received.  

Petrochemicals (basic 

& intermd.)  

No compliance norms , however public complaints  

are received.  



 
 

169 

G
u

id
e
lin

e
s
 o

n
 O

d
o
u

r M
o
n

ito
rin

g
 in

 U
rb

a
n

 M
S

W
 L

a
n

d
fills

 

Pesticide manfuring & 

formulation  

No specific compliance norms , however public 

complaints are received ; Hydrogen sulphide 

(odourous) : 5 mg/ cub.m  

Tanneries  
No   compliance norms , however public complaints 

are received ;  

Slaughter house – meat 

& sea  food  

No   compliance norms , however public complaints 

are received ;  

Food & fruit processing  
No unpleasant odour ; however specific compliance 

norms    

Pharmaceutical 

(manufacturing & 

formulation  )  

No   compliance norms , however public complaints 

are received ;  

 

Table : ‘Odour’  recognized as a NUISANCE in  water 

( Under  Schedule I  , Environment Protection Rules 1986) 

 

Water type Compliance norms for ODOUR 

Water quality 

standards for 

coastal waters & 

marine outfalls  

No noticeable offensive odour  

Primary water 

quality criteria for 

Bathing  

DO> = 5 mg/l  ; ensure reasonable freedom from oxygen 

consuming organic pollution immediately upstream 

which is necessary for preventing production of anaerobic 

gases  (obnoxious gases) from sediment  

 

Table : General standards for Discharge of Environmental Pollutants  

Under Schedule VI   , Environment Protection Rules 1986 

 

Recipient body Standards 

Inland surface water  No unpleasant odour  

Public sewers  -do -  

Land for irrigation  -do -  

Marine coastal areas  -do -  

Industry Compliance norms for ODOUR 

 

ODOUR  nuisance - Solid Waste Management Rules 2016   

 

Human response to ODOUR is highly subjective besides ODOUR  is  the most 

complex of all  the air pollutants. Odour  is acknowledged  as  a public 

nuisance  and  is also highlighted   under  various sections under  Solid  Waste  

Management Rules 2016  (previous version MSW Management Rules 2000) , in 

the Rules definitions ‘anaerobic digestion’  , biogradable substances’ & bio-

methanation’  indicate the putrescible nature of the MSW which is being 
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generated & disposed on a DAILY basis hence the  focus has always been on 

efficient collection , segregation before final disposal. The courts – Hon’ble NGT 

has expressed concerns regarding management of MSW by the local bodies.    

Some salient features regarding ODOUR under the Solid Waste Management 

Rules 2016  is highlighted below.  

 

Subrule Definitions 

Subrule 40. 

"SANITARY LAND 

FILLING: 

means the final and safe disposal of residual solid 

waste and inert wastes on land in a facility designed 

with protective measures against pollution of ground 

water, surface water and fugitive air dust, wind-blown 

litter, BAD ODOUR, fire hazard, animal menace, bird 

menace, pests or rodents, greenhouse gas emissions, 

persistent organic pollutants slope instability and 

erosion;  

Subrule 

52. 

"TRANSPORTATION" 

means conveyance of solid waste, either treated, 

partly treated or untreated from a location to another 

location in an environmentally sound manner through 

specially designed and covered transport system so as 

to prevent the FOUL ODOUR, littering and unsightly 

conditions; 

 

 

Under Duties and responsibilities of local authorities and VILLAGE 

PANCHAYATS OF CENSUS TOWNS AND URBAN AGGLOMERATIONS 

subrule :   

‘ (t) involve communities in waste management and promotion of home 

composting, bio-gas generation, de-centralised processing of waste at 

community level subject to CONTROL OF ODOUR and maintenance of 

hygienic conditions around the facility;’ 

 

Under SCHEDULE I    (F) Criteria for ambient air quality monitoring-  Sub 

section  ‘(i) Landfill gas control system including gas collection system shall be 

installed at landfill site to MINIMIZE ODOUR, prevent off-site migration of 

gases, to protect vegetation planted on the rehabilitated landfill surface. For 

enhancing landfill gas recovery, use of geo membranes in cover systems along 

with gas collection wells should be considered.’ 
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Figure : Odour from Area Sources’  ex.   STPs and ,MSW landfills  . 

 

GoI prioritises MSW management in national program  

 Swachh Bharat Mission  under MoUD  the key objective is of processing 100% 

solid waste generated in cities/towns by 2nd  October 2019. The earlier Central 

Government incorporated solid waste management as one of the components in 

the Jawaharlal Nehru National Urban Renewal Mission (JNNURM) programme.   

 

CPCB’s past association on ‘Odour’ issue  

An  MoU ( 2011 )  was signed between CPCB & VTT Technical Research Centre 

of Finland  on  ”Capacity Building for Emission Measurement   in  India ”  , one 

of focus areas was  Improved capacities in ODOUR  measurement technologies. 

The areas  covered under the program were : 

a. Olfactometric   Odour   Concentration   Method  

b. Field    Investigation Method 

Photographs below are  from the project report ’ Improved Capacities in Odour 

Measurements Technologies’  under the bilateral project. 

 

   
 

Figure : Demonstration of  Odour monitoring at source  in Finland on 

segregated biodegradable waste  (left-wind tunnel method & right  static 

hood method )   
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Figure  : Demonstration of n-butanol test in odour measurement 

 

 CPCB’s reports on ‘Odour’  

 

Reports  dealing with Odour brought by CPCB are listed below :  

 

a. Parivesh Newsletter  :     Odour Pollution & its Control (2002)  

b. Status of methane emission from Municipal Solid Waste Disposal Sites 

(MSW)      (CUPS/63/2005 – 06) 

c. Guidelines for Odour Pollution & its Control   PROBES/121/2008  

(CPCB’s (Information based on literature survey, no pilot study 

undertaken) 

d. Improved Capacities in Odour Measurements Technologies’ a deliverable 

under bilateral project with  VTT  Finland    (May 2014) 

 

Odour Monitoring in Urban MSW Landfill  -  The  Guidelines  

 

 Landfill is a large area of land specifically designed and built to receive wastes 

particularly municipal solid wastes (MSW). MSW is the widely known urban 

wastes that gets disposed in landfills, the waste  attracts  rodents, insects, 

birds ( vultures) and emit unpleasant odours due to decaying organic 

component of the MSW.  The MSW landfill in urban areas draw attention as the 

holding capacity of the existing landfills in cities are inadequate to receive the 

growing quantum of wastes generated due to rapid increase in population 

density (urbanization).  The unpleasant odours emitted from these landfills 

impact significantly on a spatial & temporal and widely influenced by the the 

prevailing regional meteorological parameters   like temperature, wind speed, 

wind direction, relative humidity and rain fall i.e. climatic influence which are 

region  specific. 

Central Pollution Control Board (CPCB)  launched the  project “Development of 

National Guidelines on Odour Monitoring & Management of Urban Municipal Solid 

Waste (MSW) Landfill Site”   in September 2015. The sampling & analysis 
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protocols were prepared  for determining odour emission   from  MSW Landfill 

site, based on this document the pilot study on Odour monitoring was 

conducted at  the MSW landfill  located at Ghazipur  in East Delhi.  In India 

Odour is a NEW area, hence  the need to familiarize on the subject and to 

explore economically feasible and adaptable monitoring methods to create   

mass awareness. For CPCB’s pilot study on Odour monitoring use Field 

Olfactometry was accepted.    Odour Dispersion modeling & mapping was done 

by IIT Delhi. The above exercises assisted in preparing the Guidelines on Odour 

Monitoring in MSW Landfills which recognizes the diverse climatic zones of our 

vast country, hence odour surveys at MSW landfill sites cannot be generalized 

but to be assessed on a case to case basis taking into account the unique 

regional – temporal & spatial influences of each MSW landfill site. 

 

The entire study on ODOUR has been brought out in FOUR parts in the 

chronological order that they were prepared for a better understanding as 

follows: 

 

1. Sampling & analysis protocols for determining odour emission from 

MSW Landfill site     

2. Case study – Pilot  Study  on  Odour Monitoring  at  Municipal  Solid  

Waste  (MSW)  Landfill  Site,  Ghazipur,  East Delhi   in   year 2016   .   

3. Dispersion modeling & mapping of Odour in Ghazipur MSW Landfill 

site in East Delhi   

4. Guidelines on Odour Monitoring in Urban MSW Landfill     

 

Overview  of MSW landfill at Ghazipur , Delhi  

 

 The MSW landfill at Ghazipur located in east Delhi was identified for pilot 

study on odour monitoring for several reasons mainly due to its unique location 

features – it is not only  the oldest dumpsite in Delhi but has several odourous 

activities at the periphery such as fish market ( in North direction), chicken 

market (in North east), slaughter house ( in east direction) and the Ghazipur 

dairy ( in Northwest direction) all emit significant odour.  Besides there is  a 

Refuse Derived Fuel (RDF), active dump areas, leachate tank and old dump 

area which are located at different heights from the ground besides the landfill 

has exceeded its holding capacity.    

 

Table : Features of MSW Ghazipur landfill sites in Delhi  

Item Ghazipur 

MSW (MT) in March’14  76975 

% dumping in March ‘14  28.5% 

Dumping w.e.f.  1984 

Area  (ha)  29.62 
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The project on development of ‘Guidelines for Odour Monitoring in Urban MSW 

landfills’   covered TWO seasons viz. 

a. Pre Monsoon Season Monitoring ( field work 13 to 22 June 2016) 

b. Post Monsoon Season Monitoring (field work Sep. 27 to Oct. 15, 

2016) 

Odourants  surveyed at   from MSW Ghazipur landfill site is given in Table 

below. 

 

Table : Odourants surveyed in MSW Ghazipur Landfill   

 

Odourant (compound name) 

Description  of  

Offensive Odour 

 

1. Ammonia Pungent, Irritating 

2. Hydrogen Sulphide Rotten eggs 

3. Butyric Acid Rancid butter 

4. Ethyl Mercaptan Decayed Cabbage 

5. Methyl Mercaptan Rotten Cabbage 

6. Dimethyl sulphide Decayed Cabbage 

7. Methane  Odourless  

8. VOCs (total)   

 

Odour influenced by the  

dominating compound 

 

India is unique compared to other European countries that it gets abundant  

sunlight throughout the year besides there are also regions which experience 

cooler climates (hilly terrains).   As odour is a menace  in MSW landfill sites in 

the country, this pilot study is  important as it has offered opportunities to 

explore monitoring odour in other activities (industries , seweage ) besides 

MSW landfills.  The Guidelines 

were prepared based on the 

experience gained during the pilot 

study conducted in the field MSW 

landfill site at Ghazipur, East Delhi  

besides extensive literature survey 

and odour management practices 

globally.  Though MSW landfill  

sites  are unique by their regional 

climatic conditions these 

Guidelines offer a direction to be 

adopted in abatement of odour.  

 

   

  

Fig.  : Ambient Air Monitoring near 

boundary wall of MSW Ghazipur landfill 
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Project team 

   

The project  development 

of ‘National Guidelines on 

Odour Monitoring & 

Management in Urban 

Municipal Solid Waste 

Landfill Site” was awarded 

to Project Consultant M/s. 

J.M. EnviroNet Pvt. Ltd. 

Gurugram, Haryana , 

India  in September 2015. 

Odour is a NEW AREA , 

being  multi-disciplinary,  

feedback was taken from 

various organizations 

including CDAC-Kolkata , 

CSIR - National Physical 

Laboratory (NPL) , CSIR - 

NEERI Nagpur and  IIT - Delhi. Besides literature survey,   several 

consultations  were held with  experts from different disciplines on areas 

regarding sampling & analytical experts, odour panelists, instrumentation 

experts, odour dispersion modeling ( IIT Delhi was associated) and experienced 

engineers & scientists to evaluate and review the field reports being delivered 

during project execution. CPCB’s in-house Project Monitoring team had officers 

from Urban Pollution Control Division (UPCD) and Air Laboratory led by the 

Member Secretary CPCB.  The field surveys at the MSW landfill site were 

possible because of the support extended by the staff of East Delhi Municipal 

Corporation (EDMC). The entire report has been formatted by Sh. Prem Raj, Sr. 

IT Assistant, CPCB ENVIS Centre.  

 

***  

   

Fig.: Odourous compounds monitored at Old 

Dump site with Dragger Tube at MSW Ghazipur 

landfill 
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  CHAPTER - III 

 

IMPORTANCE  OF ODOUR MONITORING IN 

URBAN MSW LANDFILL SITES 

 

 ‘WASTES’   included & excluded under the Solid Waste Rules 2016   

 

 The following wastes are defined  under  the Solid Waste Rules 2016 :  

 

i. solid waste    

ii. non-biodegradable waste   

iii. biodegradable waste  

iv. combustible waste   

v. domestic hazardous waste   

vi. dry waste   

vii.   inerts   

viii. residual solid waste 

ix.  sanitary waste  

 

The wastes  excluded under Solid Waste Rules 2016  :  

 

a) The revised wastes Rules excludes industrial waste, bio-medical waste 

and e-waste, battery waste, radio-active waste generated in the area 

under the local authorities  

b) Also entities mentioned in Rule 2 i.e. industrial waste, hazardous waste, 

hazardous chemicals, bio medical wastes, e-waste, lead acid batteries 

and radio-active waste, that are covered under separate rules framed 

under the Environment (Protection) Act, 1986. 

 

Characteristics  of  ‘WASTES’  under the Solid Waste Rules 2016 - 

Definitions  

 

In supersession of the Municipal Solid Waste (Management and Handling) 

Rules, 2000 the Solid Waste Management Rules, 2016 was notified by 

MoEF&CC on 8th April, 2016 , the following wastes are defined  under  the 

Solid Waste Rules 2016 under Rule #3 :  

 

i. Under subrule 46. "solid waste" means and includes solid or semi-solid 

domestic waste, sanitary waste, commercial waste, institutional waste, 

catering and market waste and other non residential wastes, street 

sweepings, silt removed or collected from the surface drains, horticulture 

waste, agriculture and dairy waste, treated bio-medical waste  

ii. subrule 32. “non-biodegradable waste” means any waste that cannot 

be degraded by micro organisms into simpler stable compounds; 
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iii. sub rule 4. “biodegradable waste " means any organic material that 

can be degraded by micro-organisms into simpler stable compounds; 

iv. sub rule 11. “combustible waste” means non-biodegradable, non-

recyclable, non-reusable, non hazardous solid waste having    minimum 

calorific value exceeding 1500 kcal/kg and excluding chlorinated 

materials like plastic, wood pulp, etc; 

v. subrule 17. “domestic hazardous waste” means discarded paint 

drums, pesticide cans, CFL bulbs, tube lights, expired medicines, broken 

mercury thermometers, used batteries, used needles and syringes and 

contaminated gauge, etc., generated at the household level; 

vi. subrule 19. “dry waste” means waste other than bio-degradable waste 

and inert street sweepings and includes recyclable and non recyclable 

waste, combustible waste and sanitary napkin and diapers, etc; 

vii. subrule 26. “inerts” means wastes which are not bio-degradable, 

recyclable or combustible street sweeping or dust and silt removed from 

the surface drains; 

viii. subrule 39. “residual solid waste” means and includes the waste and 

rejects from the solid waste processing facilities which are not suitable 

for recycling or further processing; 

ix. Subrule 41. “sanitary waste” means wastes comprising of used 

diapers, sanitary towels or napkins, tampons, condoms, incontinence 

sheets and any other similar waste; 

 

Importance of waste management hierarchy  in odour abatement  

 

The Importance of waste management hierarchy highlighted under the  Solid 

Waste Management Rules, 2016  indicates the potential to reduce odour. For 

guidance the activities definitions under Rule #3  is given below :   

 

a) Under subrule  57. “waste hierarchy” means the priority order in which 

the solid waste is to should be managed by giving emphasis to prevention, 

reduction, reuse, recycling, recovery and disposal, with prevention being 

the most preferred option and the disposal at the landfill being the least; 

b) Under subrule  53. “treatment” means the method, technique or process 

designed to modify physical, chemical or biological characteristics or 

composition of any waste so as to reduce its volume and potential to cause 

harm; 

c) Under subrule  36. "recycling" means the process of transforming 

segregated non-biodegradable solid waste into new material or product or 

as raw material for producing new products which may or may not be 

similar to the original products; 

d) Under subrule  16. "disposal" means the final and safe disposal of post 

processed residual solid waste and inert street sweepings and silt from 

surface drains on land as specified in Schedule I to prevent contamination 
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impacts depends on a variety of factors, most notably location of waste 

management facility, age of waste , weather conditions and the subjectivity of 

each individuals’ perception of a smell.  Monitoring odour at MSW landfills is 

critical as assessing odour annoyance generated from these areas raise several 

challenges due to the fugitive, diffuse and multiple nature  of  the odour 

generating  sources.  

 

In MSW landfills , odour is generated by the following processes :  

 

i. Volatilization     

ii. Biodegradation     

iii. Photo-Decomposition    

iv. Hydrolysis    

v.           Combustion      

 

Centralized  Vs  De-centralized MSW management - Odour abatement 

measure  

 

There is potential to reduce odour  at all levels in MSW handling & management  

the following two definitions under Rule #3 of the Solid Waste Management 

Rules 2016   indicate that the Rules   recognize  the major constraint in 

identifying LAND for waste management in cities , in the coming times there 

will be a gradual shift from ‘centralized’  waste processing. Under Rule 3  : 

 

 subrule 15. “de-centralised processing” means establishment of dispersed 

facilities for maximizing the processing of biodegradable waste and recovery 

of recyclables closest to the source of generation so as to minimize 

transportation of waste for processing or disposal; 

 

From the above it may be  noted that management of odour is important feature 

MSW management both – at landfill (centralized facility) and at community 

levels ( de-centralized faculty) – waste segregation at source has been given 

importance under the Rules.  

 

‘Waste  PROCESSING’  technologies - potential to minimize odour at MSW 

landfill   

 

In supersession of the Municipal Solid Waste (Management and Handling) 

Rules, 2000 the Solid Waste Management Rules, 2016 were notified by 

MoEF&CC , the ‘Waste  PROCESSING’  technologies highlight  the potential to 

minimize odour at MSW landfill  (integrated waste management approach) key 

definitions under  Rule #3 : 
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1. Processing  of  wastes :  

 

a. subrule 35. (Rule 3) "processing" means any scientific process by 

which segregated solid waste is handled for the purpose of reuse, 

recycling or transformation into new products;  

 

2. Composting  (Rule 3) 

 

i. Sub rule  (1) “aerobic composting” means a controlled process involving 

microbial decomposition of organic matter in the presence of oxygen; 

ii. Sub rule 12. "composting" means a controlled process involving 

microbial decomposition of organic matter; 

iii. Subrule 55. "vermi composting" means the process of conversion of bio-

degradable waste into compost using earth worms; 

iv. Sub rule 2. “anaerobic digestion" means a controlled process involving 

microbial decomposition of organic matter in absence of oxygen; 

v. Subrule 48. “stabilising” means the biological decomposition of 

biodegradable wastes to a stable state where it generates no leachate or 

offensive odours and is fit for application to farm land ,soil erosion 

control and soil remediation; 

 

3. Bio-Methanation (Rule 3) 

Sub rule 5. "bio-methanation" means a process which entails enzymatic 

decomposition of the organic matter by microbial action to produce methane 

rich biogas; 

 

4. Incineration (Rule 3) 

Subrule 27. “incineration” means an engineered process involving burning 

or combustion of solid waste to thermally degrade waste materials at high 

temperatures; 

 

5. Co-processing (Rule 3) 

Subrule 14. “co-processing” means use of non-biodegradable and non 

recyclable solid waste having calorific value exceeding 1500k/cal as raw 

material or as a source of energy or both to replace or supplement the 

natural mineral resources and fossil fuels in industrial processes; 

 

6. Refused Derived Fuel  (RDF) – waste to energy (Rule 3) 

Subrule 38. "refused derived fuel"(RDF) means fuel derived from combustible 

waste fraction of solid waste like plastic, wood, pulp or organic waste, other 

than chlorinated materials, in the form of pellets or fluff produced by drying, 

shredding, dehydrating and compacting of solid waste ; 
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Chemical characteristics  & beneficial utilization of MSW  

 

Knowledge of chemical characteristics is essential in selecting and designing 

the waste processing and disposal facilities , they : 

 

a. Chemical characteristics include pH, Nitrogen, Phosphorus and 

Potassium (N-P-K), total Carbon, C/N ratio, etc. – ex for composting  

b. Bio-Chemical characteristics include carbohydrates, proteins, natural 

fibre, and biodegradable factor, etc. ex for composting & waste to 

energy projects 

c. Toxicity characteristics include heavy metals, pesticides, insecticides, 

toxicity test for Leachates (TCLP), etc.  

 

The efficiency of abovementioned solid waste technologies  depends largely on 

the efficiency of  MSW    ‘SEGREGATION’. Technologies adopted for beneficial 

utilisation of wastes are brifed below. 

 

1. Compositing of biodegradable MSW waste 

 Composting of MSW is carried out using different approaches to produce 

organic manure. The organic manure can be utilized in horticulture / 

agriculture sector for improving soil texture for achieving better crop 

productivity. The utilization of horticulture waste in compositing 

minimizes the waste load at MSW land fill site.   

 

2. Energy production from MSW 

 

a) Green briquettes: The biodegradable part of MSW after segregation 

is mixed with other biodegradable mass to produce the briquettes 

size up to 20 mm with a moisture content of less than 10%. Such 

briquettes are called green briquettes or bio-coal with a calorific 

value of approx 4000 Kcal/kg – a source  of  alternative fuel.   This 

process helps partial disposal of MSW for energy recovery. 

b) Refused Derived Fuel (RDF): Similarly sorted  MSW  may treated 

with hot dried air to produced RDF which also have high calorific 

value – an alternate energy source from waste. 

c) Methane and Hydrogen Production: Other sources for energy 

generation include viz. biological and chemical processes. For  bio- 

degradable content of MSW (30 to 40% ) be converted to generate 

biogas with methane content of 50 to 60 %. The biogas can be 

enriched with methane up to 80% by removing CO2 and traces of 

odourous sulphurous constituents, by adopting pre-emptive 

desulphurization process.  

 

3. Recyclable materials and its composites from MSW 
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Upon proper sorting of MSW, 10-20% of the recyclable materials such as 

paper, plastics and metals can be extracted by an active informal sector 

&  different products can be made from the sorted materials of the MSW. 

This will reduce waste load to the landfill. 

 

4. Land filling for inerts 

The inert part of the MSW may be utilized in land filling for construction, 

mines and other purposes. 

Thus  conversion of waste to energy not only gives economical benefits 

but also helps in waste minimization and odour minimzation.  Similarly  

compost can be marketed to meet urban horticulture needs.  

 

Different options for beneficial utilization of MSW are depicted in Figure. 5  

 

 
Figure  :  Feasible & Beneficial utilization of MSW 

 

Limitations in implementing odour abatement goals    

 

The global odour abatement goals are desirable however  in the Indian context 

there are various factors that challenge their  direct adoption, key issues being 

rising quantum of  MSW waste due to rapid urbanization which are straining 
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the existing waste management infrastructure besides  low awareness  on 

odour minimization.   

 

Some goals that need to be targeted to raise awareness : 

 

a. Improve public awareness on odour management 

 

b. Odour adds to aesthetics – citizens to support initiatives by the urban 

local bodies 

 

c. Dissemination of information on odour monitoring methods & 

strategies  

 

d. Affected (impact) area  

 

i. At source : Premises involved in odour generating activities to 

examine critical stages where odour minimization measures can be 

applied includes safety of workers 

 

ii. Downwind areas : Needs of communities affected downwind due to 

meteorological conditions from distant odorous activities to be 

minimised  

 

Proposed activity chart - Odour monitoring in existing MSW landfill  site 

 

India due to its typical topography has a wide range of climatic conditions, 

hence adopting a common plan for odour management for MSW landfills across 

the country  is not possible , however these Guidelines offer a path for 

addressing regional odour management (abatement & minimization ) plans after 

consultation with local urban bodies and other stakeholders.  An activity chart 

detailing the outline for conducting odour monitoring in an existing MSW 

landfill  is shown below. 
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*** 
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   CHAPTER-IV 

 

PREVENTIVE MEASURES - ODOUR ABATEMENT AT MSW LANDFILLS 

   

Physical & chemical characteristics of MSW influence odour levels 

 

Key ‘physical’ characteristics of MSW include the specific weight, moisture 

content, size of the waste constituents:  

  

i. Specific weight is defined as the weight of a material per unit volume (e.g. 

kg/m3), it indicates the degree   ‘compactness’ of waste and depends on 

region being surveyed, the season and holding capacity of the storage area 

(ex landfill). It is an important measure which is used to define all the 

elements of the solid waste management system such as storage, 

transportation and disposal facilities required. Compaction of waste 

increases or assists in accommodating larger quantities of waste within the 

available (storage) area. 

 

Typical specific weight values: 

 Loose MSW,  with poor  or compaction  - 90-150  

 Compact (baled)  MSW  - 710-825  

 MSW  in a compacted landfill (without cover) -  440-740 

 

ii. Moisture content of solid wastes is usually expressed as the weight of 

moisture per unit weight of wet material. Moisture increases the weight of 

solid waste, thereby increasing the cost of collection and transportation. 

Therefore moisture content is a critical component in the economic 

feasibility of waste treatment and processing methods . Typical  range of 

moisture content (in %)  in wastes is given below : 

 

 Food wastes (mixed)  50 - 80   

 Paper 4 – 10   

 Industrial Chemical sludge (wet) 75 - 99   

 Mixed Agricultural waste 40 - 80 50  

 Manure (wet)  dung 75 - 96  

 

The total amount of moisture that can be retained in a waste sample subject to 

the pressure applied from above layers of wastes and the level of decomposition 

of wastes, this is   critical in determining the volume of  leachate  generation in  

MSW landfills 

 

iii. Size of waste constituents is important    for the recovery of materials, 

especially when mechanical means are used, such as screens , 

separators , shredders and magnetic separators. 
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iv. Calorific value is the amount of heat generated from combustion of a unit 

weight of a substance, expressed as kcal/kg  calorific value indicates its 

suitability energy generation. 

 

The production of ODOURS   are related to the putrescible nature of the organic 

content of  the waste (MSW).  The  ‘biodegradability’  depends  on the 

characteristic of the organic content, which gets converted to gases and inert 

organic and inorganic solids..  Typical chemical transformations of solid waste  

is  a change of phase  -  solid to liquid, liquid to gas or solid to gas. The organic 

waste  content within  MSW  may be  categorized as  

 

 rapidly decomposable and  

 slowly decomposable 

 

Odour generation results from the anaerobic decomposition of the readily 

decomposable organic content in MSW, generally odors arise  when wet MSW 

waste is stored for long periods of time  on-site  between collections or at 

transfer stations or in landfills, the odours are  significant in warm climates.   

 

Quantification of MSW (estimations & forecasting )  

 

Over the last decade  the rapid urbanization in India has shown the a massive 

increase of  in the quantum of waste (MSW) generation in most cities, 

particularly cities with million plus population. By the year 2021, the urban 

population is expected to represent 41% of the overall population. Some 

statistics are given below : 

1. Forecasting of MSW generation:  

Study conducted by the CPCB on management of MSW in the country 

estimates that waste generation from the present 48 million tones (MT) per 

year is expected to increase to 300 MT per year, by the year 2047 ( 490 g 

per capita to 945 g per capita). MSW generation is highly co-related with 

the economic growth i.e. Gross Domestic Product per Capita (GDP per 

Capita). The key reason for increase waste generation are firstly increase in 

consumption pattern (lifestyle) and  movement of the people from rural 

area to urban areas for better employment  prospects.  

 

The mathematical calculation for forecasting of municipal solid waste 

generation is a tedious process beginning with the estimation of future 

population based on the present trend and then calculate the future 

quantum of  MSW generation (Weber, 2004 of studied countries.   

o Future population = Initial population (1 + % growth rate/100) years  

Future amount of municipal solid waste generation= (Predicted 

population) x (Waste generation rate) x (Number of day) ÷ (1000 kg per 

metric ton)  
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2. Per capita generation of  MSW  

It is estimated that solid waste generated in small, medium and large cities 

and towns is about 0.1 kg, 0.3 – 0.4 kg and 0.5 kg per capita per day 

respectively.  

3. Composition of MSW : The complex composition of municipal solid waste 

reflects the heterogeneity of the waste stream , the two factors that vary is 

the  organic matter  content and moisture content. Differences in 

composition also vary between localities / cities.  Ref. Estimation of MSW 

generation & landfill area in Asian developing countries A Khajuria*, Y 

Yamamoto & T Morioka , Div. of Sustainable Energy & Environmental 

Engineering, Graduate School of Engineering, Osaka University,  Japan  

Journal of Environmental Biology  September, 2010  Pages 649-654) 

4. Land requirement 

A sanitary landfill  is a carefully constructed space on the ground to 

dispose waste to enable  it to gradually decompose into chemically 

inactive material. The landfill  gets gradually filled by  covering it with 

alternate layers of soil, however with time it has been observed that   the 

old practice of establishing  major  ‘centralized’  MSW disposal  facilities 

(Ex landfill) in cities will be challenging, the acquisition of LAND  for 

waste management  in particular within cities will face problems for two 

major reasons – scarcity  of land and secondly  opposition by public due 

to the odorous nature of the MSW activity.  

The estimated requirement of land for disposal would be 169.6 square 

kilometer (km2) in 2047 as against 20.2 km2 in 1997 (CPCB 2000a). 

 

The information below is used as rough guidance for estimation of the 

required area  for setting up a sanitary landfill  

 

        Estimation of  area for Sanitary Landfill  Vs quantum of MSW  

 

Waste quantity 

(Tonnes per design life of landfill) 

Required site 

area (ha) 

in million In lakhs 

<1.0 <10 15-20 

1.0-2.0 10-20 20-30 

2.0-3.0 20-30 30-40 

>3.0 >30 >40 

Source- All India Institute of Local Self Government (2012). / Reference 

Material on Municipal Solid Waste Management for Urban Local Bodies – 

Processing Options. Part II. Mumbai: India 

 

The estimation method of the future landfill area calculated according to 

(Gerard, 1998) is given below :  
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 Volume of land, filling space annually required (m3 yr-1) =  

(Waste million tonnes yr-1) x (103 )  divided by density of waste in kg m-3  

Required area (ha) = (hectare) x (years) x (height) 

This value will need to increase by about 1.5 percent to allow for daily 

cover, roads, receiving areas, fencing, etc.  

 

Regional landfill facilities for MSW – rationale for ‘land’ management  

 

Recognizing  that LAND acquisition shall be major challenge for establishing 

MSW landfills (centralized disposal facility) , Solid Waste Management Rules 

2016  promotes establishment of Regional landfill facilities as discussed below :  

 

i. Under Rule 20. Criteria and actions to be taken for solid waste 

management in HILLY AREAS subrule  (b) I 

 

 ‘in case of non-availability of such land, efforts shall be made to set 

up regional sanitary landfill for the inert and residual waste.’ 

 

ii. Under Rule 11. Duties of the Secretary–in-charge, Urban Development in 

the States and Union territories.- (1) The Secretary, Urban Development 

Department in the State or Union territory through the Commissioner or 

Director of Municipal Administration or Director of local bodies shall –   

 

 ‘(e) direct the town planning department of the State to ensure that 

master plan of every city in the State or Union territory provisions for 

setting up of solid waste processing and disposal facilities except for 

the cities who are members of common waste processing facility or 

regional sanitary landfill for a group of cities;’ 

  and Subrule  ‘(j) facilitate establishment of common regional 

sanitary land fill for a group of cities and towns falling within a 

distance of 50 km (or more) from the regional facility on a cost 

sharing basis and ensure professional management of such sanitary 

landfills;’ 

 

Key preventive measures in odour abatement at MSW landfill sites 

 

Odourants are generated due o bio-chemical activity on bio-degradable content 

of MSW at landfills, key global preventive measures that can be adopted at the 

different stages of MSW management are :  

 

A. Odour control by site selection and design  

B. Operational management  

C. Minimization of odour release through physical prevention  

D. Odour counteractants  
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The above four odour abatement measures are discussed below.  

 

PREVENTIVE MEASURES  - Odour control by site selection and design 

 

Site selection and designing of landfill site helps in abatement of odour at the 

inception of the project through scientific analysis of available data. The 

following factors be considered while designing and selecting a site. 

 

i. The selection and number of sites for a city shall be considered in a 

holistic way. The requirement of land for the disposal site shall be 

assessed considering the present population and projected growth 

over the next 20 years at least. 

ii. It is better to plan for development of more than one site for a city to 

provide better accessibility of the site, optimize the travel distance of 

loaded trucks and minimize the time duration of waste kept dumped 

at primary collection centre. 

iii. The care should be taken during identification of site that the selected 

land is free from influence of other odourous sources.  

iv. Topography (slope, nearness to water sources like river, natural 

springs) and other geological (like permeability) conditions. 

v. Selection of landfill site should be integrated with the urban 

development planning so that even expansions of city in next two or 

three decades are not encompassing the selected MSW site. New 

commercial and residential activity should be restricted near the 

disposal site for commercial and residential activities should be 

restricted.  

vi. Urbanization near the sites can be permitted by creating / defining 

reasonable “buffer zone” between the development areas and disposal 

site. Extent of buffer zone could be arrived through modeling 

techniques or in compliance with the existing legislation. 

vii. Green belt development in the buffer zone should be mandatory and 

the civic bodies should work in close association with scientist, 

environmentalist for selection of suitable flora to be planted in buffer 

zone. A model describing preventive measures for odour abatement is 

depicted in Figure. 1. 
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PREVENTIVE MEASURES - Operational Management  

 

Prevention and minimisation of odour releases can be achieved by 

adopting odour control practices by landfill operators. The details of the 

operational control of MSW landfill site proposed is given below : 

a) Municipal solid waste acceptance: Each site will have its own waste 

acceptance criteria and protocols.  

b) Municipal solid waste handling: Worldwide, the segregation of waste 

is being practiced at source (point of generation)   however this area 

needs to be strengthened in India in several cities. Un-segregated 

waste reduces the utilization efficiency of land earmarked for land 

filling. Pre-processing (sorting) of waste helps in enhancing the 

efficacy of treatment process and land utilization.   

c) Area of active cell (Tipping area): The size of tipping area needs to 

be optimized for minimising the odourous emission from MSW. It 

must be  

i. Sufficiently large to allow waste to be tipped and compacted  

ii. Adequately large to allow received waste to be tipped without delay 

& prevent trucks from waiting on the site or on the public road 

network. 

iii. Globally the tipping area is around 900 to 1200 m2 for most of the 

sites, However the USEPA working plan prescribe it between 625 

m2 to 1600 m2. Given the un-segregated waste in India it is 

recommended to adopt (higher) global norms. 

d) Rapid and effective capping: The engineering design shall ensure 

rapid and effective capping to prevent fugitive release of gases, which 

inter alia will enhance the collection efficiency of the Landfill Gases 

(LFG). 

e) Design of LGF collection system and operation: Depending on the 

waste type, its condition and the expected life span of the operational 

area, temporary  extraction system may be required in operational 

area. The system generally consists of impact wells, horizontals or 

drilled wells and pipe work that may be flexible or rigid, temporary or 

permanent. Careful planning to be made to minimise escape of 

odourous gases from potential odour generating areas. 

f) Leachate Management: Leachate be stored or collected on case to 

case basis and drain to the leachate treatment plant through suction 

pipes, booster pumps or through sealed tanks which treat the 

leachate in addition prevent the odour leakages . 

g) Maintenance of LFG (collection and capping): There must be a 

system established for identification of leaks by manual 

observations, odour monitoring, CH4 walkover survey and 

standard leak detection and repair ( LDAR). In absence of direct 

monitoring the mass balancing may be resorted to estimate the 

efficacy of the treatment. 
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h) Restoration of Soil: The restoration of soil is carried out when 

landfill cell has been capped and permanent gas collection system 

has been put in place. The landfill operator must have the requisite 

permission from the regulatory authorities for restoration of the 

soil over the cap and plantation of appropriate species on it.  

        The diagrammatic representation of operational control of MSW 

landfill site is given in Figure: 2 & 3 

i) Furthermore following BEST MANAGEMENT PRACTICES (BMP) for 

odour prevention & control should be adopted; 

i. Segregation of waste to prevent entry of unwanted industrial, 

metallic, biomedical waste at disposal site. 

ii. Ensure that all the trucks transporting MSW are covered. 

iii. Development of adequate internal roads with in site area for 

easy movement of transport vehicles and machine vehicles 

iv. Fencing of disposal sites to prevent unauthorized entry of 

person and stray animals.    

v. Dumping and disposal functioning   through expert contractors 

only. 

vi. Computerized monitoring of the MSW batch from collection up 

to its disposal or utilization. 

vii. Development of facilities for feasible utilization of waste. 

viii. Monitoring by authentic organizations or institutes to 

monitor the health, risk and environmental effects (air, water 

and odour) due to operation of the disposal site. 

ix. Safety and environmental compliances in accordance with the 

MSW Rules (M&H) 2016. 

The implementation pattern of the best management practises (BMP) 

may vary to an extent on case to case basis. The model BMP is 

detailed in Figure. 4. 
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PREVENTIVE MEASURES  - Vegetative cover  

 

 Vegetative cover on the open areas of the landfill site also reduces odours. 

Good plantation cover forms a surface capable of absorbing and forming sinks 

for odourous gases. Leaves, with their large combined areas in a tree crown, 

absorbs pollutants on their surface, thus effectively reduce odourous compound 

concentrations near MSW landfill site.   

 

Best Management Practices  in Odour management in MSW landfill sites  

 

Figure 4 displays   Best Odour Management Practices in MSW landfills as an 

approach to Preventive Measure 

 

 
 Figure 5: Best  Odour Management practices in MSW landfills   

 

***
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  CHAPTER V 

 

ODOUR  CONTROL  TECHNOLOGIES  IN  MSW  LANDFILL  SITES 

  

 ODOUR  CONTROL  TECHNOLOGIES   

 

There are several  approaches to odour control as per literature survey, some of 

the technologies are discussed below :   

 

1. Adsorption processes 

a. Dry Scrubbers  

b. Chemical Scrubbers  

2.  Filtration Technique 

a. Bio-filters   

b. Bio-trickling filter  

c. Bio- Scrubber     

3. Chemical treatment 

a. Odour Control with Chlorine Dioxide & Hydrogen Peroxide   

b. Irradiation   ( NEUTRAPOL )  

c. De-odourization mechanism for various odourous gases  

d. Hybrid processes 

4. Incineration processes  (combustion) 

 

ODOUR CONTROL TECHNOLOGIES -  Adsorption processes 

 

Adsorption is a surface phenomenon where treatable waste is adsorbed on 

suitable adsorbents. The commonly used adsorbents for odour control are 

activated carbon, Graphene, carbon-neon hybrid materials etc. Two key 

adsorption processes technologies adopted for odour control are discussed 

below :  

a. Dry Scrubbers: Dry scrubbing systems use containerized media that 

reacts with specific compounds in landfill gas (LFG)  such as acidic 

gases and forms compounds (solids) that can be disposed off. In 

general, these processes utilize replaceable dry media to extract acidic 

gases until the media becomes saturated and needs to be separated. 

b. Chemical Scrubbers: Chemical scrubbers consist of vessel with an air 

inlet, scrubbing solution bed, and an air outlet. In these systems 

landfill gases comes into a direct contact with scrubbing solution that 

chemically reacts which absorbs and removes the odour causing 

targeted molecules from the landfill gas (LFG). 

 

 



 

201 

G
u

id
e
lin

e
s
 o

n
 O

d
o
u

r M
o
n

ito
rin

g
 in

 U
rb

a
n

 M
S

W
 L

a
n

d
fills

 

 ODOUR CONTROL TECHNOLOGIES - Filtration Technique  

 

The Filtration techniques adopted for treating landfill gas (LFG) are discussed 

below:  

a. Bio-filters : Bio-filtration is a biological process using media such as soil, 

compost or other media as a substrate for microbes that removes 

odourous contaminants from landfill gas. Landfill gas is collected and 

vented through a bio-filter of bacterial slime.Venting landfill gas through 

such bio-filter can be used to reduce odour. As long as oxygen is present, 

bacteria will decompose landfill gas under aerobic conditions, producing 

carbon dioxide and water.  

b. Bio-trickling filter : Bio- trickling filter consist of a column packed with 

inert packing material for example plastic rings, resins, ceramic 

materials, etc. The micro organisms are immobilized on the inert surface 

and get attached to it. A nutrient solution is continuously trickled and 

also recycled at the rate 10 to 30 litres per minute. This system presents 

high specific surface areas of in the range of 100 m2to 400 m2, which 

allows mass transfer under low pressure.  Odourants are initially 

absorbed in aqueous medium trickling over the bio-film and degraded 

afterwards by micro-organisms present in the bio-film.  An efficiency of 

more than 99% has been reported for removal of hydrogen sulphide - H2S 

, an odorous. 

c. Bio- Scrubber   The mal-odourous emissions can be directly purged into 

aeration tank with appropriate biomass to minimize odour by degrading 

the odourants. The mal-odourous compounds defuse from the gas phase 

to liquid phase and get degraded in the liquid phase that have both - 

microorganism & nutrients. 

 

ODOUR CONTROL TECHNOLOGIES -  Chemical treatment 

 

i. Odour Control with Chlorine Dioxide & Hydrogen Peroxide   

Injecting controlled quantities of chemicals such as chlorine or hydrogen 

peroxide into process-gas stream can control odour, however chlorine 

dioxide is several times more effective than chlorine is commonly used in 

treatments  as it does not generate hazardous by-products. 

 For removal of Hydrogen Sulphide  (odourous gas)  

Reactions :   

a. 5H2S + 8 ClO2 → 5H2SO4 + 8 Cl- + 4H2O  

 pH 5-9, min 2.7 ppm of ClO2 oxidizes 1.0 ppm of sulfide.  

 No colloidal sulfur formed. 

b. 5H2S + H2O2 acidic pH→ Sº + 2H2O  

HS- + H2O2 neutral pH→ Sº + H2O + OH-  
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HS- + 4H2O2 neutral pH→ SO2- + 4H2O + H+  

S2- + 4H2O2 neutral pH→ SO2- + 4H2O 

 Alkaline pH = 10-11 conditions give fast reaction with 

removal efficiencies 97- 99.9%. 

For removal of  Mercaptans R-SH (odourous gas)   

Reactions :  

 R-SH + NaOH → R-SNa + H2O Oxidation 2RSNa + H2 O2 → R-S-S-

R + 2NaOH (dialkyldisulfide) 

 Reaction is very fast and can occur in the scrubber. R-S-S-R 

is odourous and must be oxidized further.  

R-S-S-R + 5 H2 O2 + 2NaOH → 2R-SO3Na + 6H2O 

(The disulfide has very low solubility in water and thus reaction is 

slow). 

ii. Irradiation   ( NEUTRAPOL )  

Ultra-violet (UV) radiation forms ozone a very re-active form of oxygen, it 

exchanges electrons with target molecules.  UV  applications for waste 

purification require high capital investment. Recently it is reported that 

‘neutrapol’  is used instead of ozone which as is harmless and  non-toxic. 

Neutrapol is a monomer, it forms long chain molecules which carry a 

positive charge.  

Neutrapol is distinguished from other neutralizers by its ability to de-

odourize not just one type of gas but a wide range of gases, acidic, 

neutral and alkaline, automatically and simultaneously.  

iii. De-odourization Mechanism for various odourous gases  

a. Ammonia type: The volatile, odourous elements are combined with an 

organic acid radical to form a non- odourous compound which is non-

volatile.  

 

    -N H + R - COOH → R + COON -H   

 

b. Hydrogen Sulfide: The hydrogen sulfide is converted into a complex 

organic sodium salt incorporating sodium meta-bi-sulfide, 

resulting in a non-volatile, non-odourous and non-poisonous 

compound.  

 H S + R-COONa → Na S + NaHS  

c. Methyl Mercaptans: The mercaptans are   produced from rotting 

material e.g. odour  of rotten fish, public urinals  

CH SH + R – COONa → CH S Na  

The gases are converted to a complex organic salt.  

iv.  Hybrid processes  

 The hybrid processes either operate in a combination with  either  in a 

sequence :  

 chemical + Biological processes or  

 Bio filter + Bio trickling filter  or  
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 Bio scrubber + Bio trickling filter.  

 

This enhances the efficiency of odourants removal. In hybrid processes, 

some of the non-biodegradable odourants gets partially modified in chemical 

processes and biodegrade in biological reactors. The sequence of removal of 

odourants may be ascertained after preliminary experiments.  

 

ODOUR CONTROL TECHNOLOGIES -  Combustion  

 

Industry uses a number of methods for handling waste gases at upstream oil 

and gas facilities, the most common being combustion. The most common type 

of combustion has been flaring , however in recent years, incineration 

technology has emerged as another method of combusting waste gases. Though 

flaring and incinerating are adopted however the important issues are   public 

safety and  safer environment.   

 

For  landfill gas (LFG)  there are two options –  

 its beneficial utilization (after treatment) or  

 by destruction through flaring.   

 

Incineration can be adopted   (though not often the chosen option)  for 

controlling the landfill gas  in the presence of methane , sulphurous odourants 

and other VOCs get converted to SOx, NOx and CO2. These tail gasses can be 

effectively treated after incineration with a suitable scrubber. 

 

*** 
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CHAPTER VI   

 

REMEDIAL OPTIONS FOR ODOUR PREVENTATION 

 

Key remedial options for odour  prevention   

 

For adoption for odour abatement in existing / proposed MSW landfills in India 

, based on the literature survey and techno-economical feasibility,   the 

following THREE technologies are proposed including constraints for adoption 

 

Key remedial options for odour  prevention  

Remedial options Constraints 

Decentralized MSW collection & active 

composting without generation of mal- 

odourants. 

May suffer a set back during 

the rainy and the winter 

seasons due to reduced 

biochemical activities. 

Anaerobic digestion of biodegradable part of 

MSW with production of biogas with in-situ 

LFG treatment facility.  
The recommended  processes 

may need to be operated with 

suitable control mechanisms.  

Development of well designed MSW landfill 

with collection of LFG followed by de- 

sulphurisation and de-carbonization for 

enriched production of methane with recovery 

of elemental sulphur and CO2. 

 

De-centralized MSW collection & active composting   

 

Under Rule 3 subrule  recognizing the major constraint in identifying land in 

cities for ‘centralized’  waste disposal / processing facilities the Solid Waste 

Management Rules 2016 defined  

 

 Rule 3 , subrule 15. “de-centralised processing” means establishment 

of dispersed facilities for maximizing the processing of biodegradable 

waste and recovery of recyclables closest to the source of generation so 

as to minimize transportation of waste for processing or disposal. ‘ 

 

De-centralized technologies w.r.t.  MSW collection with active composting  are 

gaining acceptance in India, with economy in scale of operation this approach 

assists in minimization of odour due to better monitoring / supervision of 

operations.  In de-centralized management the segregated MSW is collected at 

the household or community level in separate dustbins -  green colour  bin or 

biodegradable content of the waste transported  for either compositing at site ( 

community level) or to a nearby community composting plant. The 
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biodegradable MSW content is mixed anaerobic cultures for achieving effective 

composting  within short duration. The compost manure generated in the 

process can used for local horticulture purposes.  A flow chart for de-

centralized MSW collection & active composting without generation of mal- 

odourants is displayed Figure below. 

 

 
Figure 6: MSW Collection & Active Compositing 

 

Anaerobic digestion of biodegradable MSW -   LFG production    

 

Two key stages  in anaerobic digestion of biodegradable MSW are :  

 

a. MSW is required to be segregated into biodegradable and non-

biodegradable components, the biodegradable components are  cut into 

uniform small sizes and milled  to size  in the range of 100 to 200 mm. 

This process  generates significant mal-odour and needs appropriate 

odour control measure.  
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b. The milled bio-degradable material is made into slurry using  wherein 

minimal nutrient medium containing nitrogen and phosphorous is 

added. The slurry is fed into anaerobic digester having appropriate 

mixing device to ensure uniform distribution in the reactor. In the 

anaerobic digester ferric salt is added to encapsulate the obnoxious 

odourants specially reduce sulphur constituents.  The associated 

processes within the reactor include -   hydrolysis, acido-genesis, aceto-

genesis and bio-methanation, for further understanding refer Fig. 8.   

 

The sludge produced in the anaerobic digestion unit may be mixed with 

agriculture residue (biomass) to produced green briquettes.  

 

 
Figure  : Anaerobic Digestion of Biodegradable 

 

LFG collection from MSW landfill sites : Active Vs Passive collection 

 

1. Landfill gas with other odourous gaseous are collected either by passive or 

active collection system.  A typical collection system, either passive or active, 

is composed of a series of gas collection wells placed throughout the landfill. 
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The number and spacing of the wells depend on landfill-specific 

characteristics, such as waste volume, density, depth, and area.  

a. Passive Gas Collection Systems  :    Passive gas collection systems use 

existing variations in landfill pressure and gas concentrations to vent 

landfill gas (LFG) into the atmosphere or a control system. Passive 

collection systems can be installed during active operation of a landfill 

or after stabilization and closure of site.  The efficiency of a passive 

collection system depends on how well the biodegradable fraction gets 

converted to gas in available conditions at surface and below the 

ground. Gas production can be enriched by the landfill collection 

system design. Use of liners on the top, sides, and bottom of the waste 

with an impermeable liner (e.g., clay or geo-synthetics membranes) 

will prevent dispersion of landfill gas within the deposited waste and 

provide better trapping through redirecting preferred gas migration 

pathways. The efficiency also depends on environmental conditions, 

which may or may not be controlled by the system design. If pressure 

is inadequate to push the gas for venting, passive systems fail to 

remove landfill gas effectively. High barometric pressure, sometimes 

results in outside air entering the landfill through passive vents and 

counter the LFG pressure to escape through vent pipe. In these cases 

the methane gas may built-up causing auto ignition and fire hazard. 

   

 
Figure 7: Passive gas collection system 

 

b. Active Gas Collection system  :   Well-designed active collection 

systems are considered more effective for landfill gas collection. Unlike 

passive system, wells in the active system have valves to regulate gas 

flow and to ensure proper venting of gas produced through vent pipes, 

the vents may serve as a sampling port.  Active gas collection may 

work under vacuum or forced draught. The system design should also 

take into account future gas management needs, such as those 

associated with landfill expansion.  
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De-odourization options for  LFG treatment 

 

The benefits in de-odourization involves combination  of  the both de-

odourization of LFG  techniques  mentioned below  gives   useful by-products 

ex. sulphur, CO2 and enriched methane with concentration of more than 80% 

(v/v).  The de-odourization  control options for LFG  include the following : 

 

a. De-sulfurization  

b. De-carbonisation 

 

Like all other MSW management processes , ‘efficient segregation’ of waste is 

vital to the success of the chosen  treatment processes. Segregated MSW has 

potential to generate LFG containing methane in the range of 40 to 45% (v/v), 

but the efficiency of methane generation may be reduced (30 to 35%) in 

heterogeneous waste, however, in both the cases (de -sulphurisation and de-

carbonisation)  it is generally recommended that the LFG be processed for 

recovery of valuable products viz.  elemental sulphur,  pure CO2 and enriched 

methane. The schematic diagram of the recommended process is depicted in 

the Figure  9. 

 

 
Figure 8:  De-sulphurisation  and  De-carbonisation  of  MSW 
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 1. De-odourization option :  De-sulfurization process    

This is a two stage treatment of LFG to reduce odour and odourous 

compounds containing reduced sulphur.  

 In the first stage gases laden with odourants reacts with ferric sulphate 

which oxidizes Reduced Sulphur Odourants (RSO) into elemental sulfur 

and ferric sulphate is reduced to ferrous sulphate.  

 In the second stage of the process, elemental sulphur is separated and 

ferrous sulphate solution is immobilized in packed bed reactor with 

specific microorganism. This ferric sulphate solution is recycled back to 

the first stage of the process.  

 

Thus this process operates in a closed loop with recovery of elemental 

sulphur and results in de-odourization of gasses. The efficiency of recovery 

of elemental sulphur in this process is reported to be more than 95% with 

reference to reduced sulphur odourants.  (Ref. CSIR-NEERI - ‘chemo 

biochemical desulfurization’ )  The schematics of the process are presented 

in the Figure 11.   

 

 
Figure 9: De-odourization  /  Desulfurization of the LFG 

 

2. De-odourization option : De-carbonization process 

This is a high end technique where methane utilization is prime objective, 

here methane is enriched by removing CO2 from the gas stream and 
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collected as a byproduct.  The LFG is processed through a pressure 

swing adsorption column for selective adsorption of CO2 present in the 

LFG.  The adsorbed CO2 will be desorbed and more than 99% pure CO2 is 

separated from the stream.  

 

Odour abatement strategies  proposed for ULBs ( civic bodies ) 

 

As per  Solid Waste Management Rules 2016 under Rule 3 sub-rule  30 defines: 

 

 "local body” for the purpose of these rules means and includes the 

Municipal Corporation, Nagar Nigam, Municipal Council, Nagarpalika, 

Nagar Palikaparishad, Municipal Board, Nagar Panchayat and Town 

Panchayat, Census Towns, Notified Areas and Notified Industrial 

townships with whatever name they are called in different States and 

union territories in India.’   

 

Based on review of national and international documentation and field 

experience acquired during execution of present study the following strategies 

are proposed for effective management of odours generated during the different 

stages of disposal of MSW for the local  bodies (ULBs)    :  

 

i. The civic bodies shall plan, augment the basic infrastructure available 

to improve efficiency w.r.t.  collection &segregation before transport to 

MSW landfill.  

 

ii. Dissemination of information & awareness  media :   

 

a. advertisements painted / flexi-sheets on the sides of  buses 

(mass transport) and passenger vehicles (taxis & auto 

rickshaws) and also on vehicles deployed for collection & 

transportation of wastes ; 

 

b. Conduct  meetings with local  communities associating 

sanitation workers and involve  encourage RWAs, schools & 

colleges, NGOs and community service centers  for  segregating 

& sorting wastes and separating biodegradable component of 

waste.  

 

c. Radio FM – 30 second jingles  

 

d. TV – advertisement in Doorsdarshan & private channels 

 

iii. MSW processing , three models proposed :  
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1. For community (RWAs)  based composting system the management 

should ensure that :- 

 

a. The waste must be processed on ‘’first in and first out’’ 

(FIFO) basis  

 

b. Appropriate cover on wastes be provided for the 

household composting unit to prevent odour dispersion 

and flies.  

 

2. For  anaerobic digestion system promote as co-operative effort 

(includes financial support)  between ULBs , individual households 

and RWAs (multistoreyed) residential complexes. The operational 

cost of the anaerobic digestion system be realized as cost per 

family for  gas consumption.  

 

3. The ULBs - municipalities / municipal corporations to bear the 

capital cost for installation of the anaerobic plant, the operational 

cost be met through the either the Government or  users.  

 

 

*** 
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 CHAPTER VII  

CRITERIA FOR SELECTION  &  

DESIGNING OF MSW LANDFILL SITES 

 

FIVE steps in designing a MSW landfill  

 

Until  better options arise  landfill  continues to be  the ultimate  disposal unit  

for MSW in the country,  hence the landfill sites be designed such that they do 

not further aggravate the environment  ex. Odour. The Government of India 

(GoI)  has prescribed the following basic criteria to be fulfilled in designing a 

landfill site. 

 

The key steps for designing, implementation and operation of a SANITARY 

LANDFILL are :  

1. Site selection 

2. Sanitary landfill design 

3. Construction of a sanitary landfill 

4. Sanitary landfill operation  

5. Closure and post-closure plan. 

 

The Figure below  provides helpful inputs for the above key five steps which are 

discussed further in subsequent sections.  
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Site selection 

 

Selection of a sanitary landfill site are governed by the following : 

a.  State Government policy  

b. SWM strategy of local bodies  

c. municipal solid waste management (MSWM) plan  

 

Site selection usually include the following  :  

 

1. LOCATION CRITERIA :  The location as per SWM Rules 2016  (Section 4.1 of 

Part II). Further data to comply with  criteria specified by regional regulatory 

agencies  (e.g. SPCB and PCC).  Central Pollution Control Board (CPCB)  

report “Guidelines for the selection of site for Landfills” Annexure 6  be 

referred, also guidance for developing site sensitivity index of potential sites 

is included in Table below 

 

Table 1: Location Criteria of MSW Site 

Place Minimum Siting Distance 

1. Coastal regulation, wetland, 

critical habitat areas, sensitive 

eco-fragile areas, and flood plains 

as recorded for the last 100 years 

Sanitary landfill site not 

permitted within these 

identified areas 

2. Rivers 100 meters (m) away from the 

flood plain 

3. Pond, lakes, water bodies 200 m 

4. Non-meandering water channel 

(canal, drainage, etc.) 

30 m 

5. Highway or railway line, water 

supply wells 

500 m from center line 

6. Habitation All landfill facilities: 500 m 

7. Earthquake zone 500 m from fault line fracture 

8. Flood prone area Sanitary landfill site not 

permitted 

9. Water table (highest level) The bottom liner of the landfill 

should be above 2 m from the 

highest water table 

10.Airport 20 km 

 

2. SEARCH AREA :  This feature helps to decide the location & identification of 

the potential sites for MSW landfill. The ULB to delineate an appropriate 

search area, which should ideally be located within the municipal boundary, 

though it is  mainly governed by the economics of waste transportation.  In 

case land  is scarce (city / town) the  potential sites could be abandoned 
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quarries, old waste dumpsites or degraded areas.  However with regional 

MSW landfills being promoted under the SMW Rules , the issue needs inter 

– district consultation.  

 

3. Development of a list of potential sites: After demarcating the search area 

and noting the various  locations that are potential MSW landfill sites for 

development, the same to marked on a map. Potential sites for sanitary 

landfill development should also conform to the long term landuse goals. 

The Table below can be used as rough guidance for estimation of the 

required sanitary landfill area including the related infrastructure.   

 

Table :  MSW Sanitary Landfill  Vs  quantum of MSW handling 

 

Waste quantity (Tonnes per design life of 

landfill) 

Required site 

area (ha) 

in million In lakhs 

<1.0 <10 15-20 

1.0-2.0 10-20 20-30 

2.0-3.0 20-30 30-40 

>3.0 >30 >40 

 

Source- All India Institute of Local Self Government (2012). / Reference Material 

on Municipal Solid Waste Management for Urban Local Bodies – Processing 

Options. Part II. Mumbai: India  

 

4. Data collection for potential sites    This selection process  is initiated after 

excluding the unsuitable areas which do not conform to specified criteria. 

Maps and other available sources and information need to be referred as 

mentioned in the table below for ascertaining  suitability of a landfill site. 
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Table 2: Data Collection and Sources 

 

DATA INFORMATION SOURCES 

a. Topographic 

maps 

The topography indicates low 

and high areas, natural surface 

water drainage patterns, 

streams, and rivers as well as 

roads, railways, and location of 

airports. 

Survey of India 

b. Soil maps 

These maps, primarily meant for 

Agricultural use, show the types 

of soil near the surface. 

Indian 

Agricultural 

Research 

Institute 

(IARI) 

c. Land use plans 

These plans are useful in 

delineating areas with definite 

zoning restrictions. There may 

be restrictions on the use of 

agricultural land or forest land 

for sanitary landfill purposes. 

Town planning 

authority or 

Municipality. 

d. Water use plans 

The plans indicating the 

following items: 

 private and public drinking 

water wells 

 drinking water supply line(s), 

 wells located on surface water 

bodies and open wells and 

protection areas for drinking 

water 

-- 

e. Flood plain 

maps 

These maps are used to 

delineate areas that are within a 

100 year flood plain 

Irrigation 

Department 

f. Geologic maps 

These maps indicate geologic 

features and bedrock levels. 

They may be used to identify 

predominantly sandy or Clayey 

areas. 

Geological 

Survey of India 

(GSI) 

g. Aerial 

photographs, 

satellite 

imagery, 

Google maps 

These can identify surface 

features such as small lakes, 

intermittent stream beds, and 

current land use, which may not 

have been identified in earlier 

map searches. 

-- 
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DATA INFORMATION SOURCES 

h. Groundwater 

maps 

These maps indicate the depth 

to groundwater as well as 

regional groundwater flow 

patterns. 

Ground water 

boards or minor 

irrigation tube 

well  

corporations 

i. Rainfall data 

Precipitation data are used for 

designing the amount of 

possible leachate in cities. 

Indian 

Meteorological 

Department 

(IMD) 

j. Wind rose 

maps 

Wind rose maps indicate the 

predominant wind direction in 

the area, based on which the 

location and orientation of the 

landfill footprint has to be 

decided. 

Indian 

Meteorological 

Department 

(IMD) 

k. Seismic data 

The seismic activity of a region 

has to be considered in the 

design of sanitary landfills; 

landfills should ideally not be 

located in zone 5 seismic zone. 

However, in case of siting in 

zone 5, complete structural 

analysis should be carried out 

for designing the landfill and the 

design should include 

appropriate structural controls. 

GSI or National 

Geophysical 

Research 

Institute (NGRI) 

l. Road maps 

Road maps indicate accessibility 

of the 

Potential site. 

-- 

Source- Anthena Infonomics (2012).  / Public Private Partnership in Municipal 

Solid Waste Management- Potential and Strategies. India. 

 

5. Field visit for local verification and identification of potential sites 

 

A visit must be planned as a part of preliminary survey for collection of data & 

maps for  screening , this assists in ascertaining relevant features for 

confirmation. The potential sites be evaluated also on the basis of the 

topographical features as given below : 

 

i. Sufficient land size 

ii. Flat area with low  slope / gradient ) 

iii. Connection to highways and conditions of the access roads 

iv. Flooding during monsoons 
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v. Land use and soil type 

vi. Depth to groundwater table (as observed in open wells or bore 

wells)  

vii. Information on the sub-ground from clay, stone, or sand pits 

viii. Crossing of electrical lines; and 

ix. Actual settlement patterns (eventual new or informal 

settlements).  

 

6. Selection of best-ranked sites 

 The   CPCB Guidelines (2003) for selection of site of landfills  based on a 

SITE SENSITIVITY INDEX to be noted before ranking the sites on the basis 

of defined criteria for the preliminary environmental impact investigation 

and final site selection.  

7. Preliminary environmental impact investigation 

 On the basis of the ranking scores  of  various  potential MSW landfill sites, 

two or three sites  may be chosen for a preliminary  environmental impact 

investigation. The impact of the sanitary landfill  should be assessed and be 

quantified according to the national rules and the local conditions.  

8. Final site selection 

 The available best-ranked alternatives site should be compared on the basis 

of following criteria :   

a) Environmental impact 

b) Social acceptance 

c) Land availability 

d) Transportation costs 

e) Sanitary landfills costs (site specific costs are to be considered).  

 

Transportation costs of the waste to landfill play a critical role in selection of 

landfill site and it must be compared on the basis of average handling distance 

from the centre of waste generating area.  

 

In general, the material costs for liner system, leachate collection system, daily 

covers, final cover system, and all facilities are similar for all sites, considering 

standard site conditions (this shall change in areas of high water table, in hilly 

areas, and other site specific issues).  

 

Some key issues  that  need to be also taken into consideration are :   

a) Distance to waste generators and waste processing facilities.  
b) Distance of the access road to regional road system 

c) Sub-ground conditions for earthworks to prepare the base of filling 
area 

9. Site investigation & site characterization   

For appropriate design of the sanitary landfill at the selected site following 

investigation will be required;- 

a) Subsoil investigation 
b) Hydro-geological investigation 
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c) Surface water investigation 
d) Topographical investigation 

e) Environmental investigation  
f) Traffic investigation 

 
Hydro-geological and surface water investigations are critical for determining 

the detailed design of the landfill which include groundwater and surface  water 

quality  that are required to be monitored regularly during the active life and 

post-closure of the landfill to ensure  no contamination.  Critical assessment 

should also be made to develop effective ground water and leachate monitoring 

plan with following objectives:  

a) Obtaining samples to characterize soil or bedrock conditions, 

b) Mapping groundwater depth and pressure within the site, and 

c) Assessing baseline groundwater quality.  

 

An analysis of the groundwater flow and pressure will result in the 

determination of groundwater flow paths and informed leachate control 

mechanisms and contingency plans in case of failure of the leachate liner. The 

hydro geological investigation report for a landfill site should conform to the 

prerequisite as led down in the manual of  ‘Technical Aspects: Municipal 

Sanitary Landfills, 2016, MOUD.’ 

 

10.Surface water assessment 

 The baseline for surface water quality of the different resources falling within 

the boundary of 500 meter requires to be also characterized  

  
Sanitary landfill design 
 

The following criteria should be considered while designing the sanitary landfill 
site: 

i. Design Life 
ii. Expected Waste Volumes: Sanitary Landfill Capacity & Area 

iii. Sanitary landfill layout 
iv. Technical design requirement 

v. Base sealing system 
vi. Landfill phasing 

vii. Leachate management 
viii. Waste placement 

ix. Surface sealing system 
x. Infrastructure for sanitary landfill  

 

1. Design life 

The life of sanitary landfill consists of three phases of its Span of 

existence:-  

a. Active period (10-25 years) 

b. Closure period  
c. Post-closure period 
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The closure period and post closure period starts at the end of the 

active period and its life is for 25 years. Close monitoring is required 

in all the three phases of landfill.  

2. Specific waste volume : Sanitary landfill capacity  & area 

The following points may be considered for designing waste volume 

landfill capacity and area of the landfill site: 

a. ONE  tone of waste is equivalent to  one  cubic meter (m3) of 

sanitary landfill volume. (in reality, the specific weight of waste in a 

sanitary landfill is 0.8 t/m3 during the first year  and will increase 

after settlement over the time to 1.2 t/m3.) 

b. Covering of waste will require about 10% more volume. 

Keeping the above facts one can design the volume of landfill capacity 

and area required for MSW landfill based on quantity of the solid to be 

treated.  

3. Sanitary landfill layout 

The general layout the landfill consists of area where actually a landfill is 

carried out while there will be areas where other structures viz. access 

roads, equipment shelters, office space, location of waste inspection and 

transfer station (if used), waste processing (e.g., shredding), weigh bridge, 

gate, recycling area, compactor garage, pre-treatment area etc. will be 

located as depicted in Figure:-12.   

 
Figure 10: Sanitary Landfill Layout 
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4. Technical design requirement 

The technical design  specification of sanitary landfill focus on efficient 

leachate collection and management. There are three types of leachate 

situations: 

i. The landfill may have the hydro geological situation where abandoned 

quarry are to be used as a potential landfill sanitary site. The landfill 

could be below the ground level. 

ii.  Landfill site above the ground have advantage as leachate flows by 

gravity according to natural surface slope. In such case leachate is 

collected in main leachate pipe which can be extended beyond the 

area of landfill and pumped outside the landfill resulting in reduction 

in size of the footprints. 

iii. In the case is the water table is sufficient below the ground surface, 

landfill can be located at a level below the ground by excavation, to 

accommodate more waste per unit area of land. But it should be 

engineered and constructed appropriately to address the following 

issues:  

a) Extra costs for excavation 

b) Energy Input for pumping leachate during and beyond the 

active life of landfill.  

c) Environmental risks during failure (mechanical/electrical) of 

pumps. 

d)  Potential for retention of leachate in the waste body 

e) Pipe cleansing and controlling is nearly an impossible task. 

f) Pumping cost for the leachate (during the lifetime and the 

aftercare phase of the landfill). 

5. Base sealing system 

a) Adoption of shape of site as per the existing condition with minimum 

of fills and cuts but the overburden that will be replaced by the 

sealing system has to be excavated. 

b) Excavated soil could be used as a potential base sealing system and 

can also be compacted to be used as overlying clay liner. 

c) The natural soil should be levelled and compacted to achieve 90% 

maximum dry density as obtained from Proctor compaction tests. 

This is sufficient to compact the overlying clay liner. 

d) The base area may be made sufficiently sloping to ensure draining of 

leachates and storm water. 

The composition of base sealing system has to be in compliance with SWM 

RULES 2016 and should consist of the following : 

i. Mineral sealing liner: will be made of three layers of clay or 

equivalent amended soil, at least 30 centimetres (cm) thickness 

each. If adequate clay (quantity & quality) is not found in the 

vicinity, amended soil mixed with bentonite can be used. The 

permeability of the mineral sealing must be less than kf ≤1 x 10-7 cm 

per second (cm/s). 
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ii. Geo-synthetics clay liner: In hilly regions, the mineral part of the 

sealing system can be reinforced by a geosynthetics clay liner. 

iii. High-density polyethylene geo membrane: The high-density 

polyethylene (HDPE) geo membrane should have a standardised 

thickness of 1.5 millimetre (mm).  

iv. Protection layer: Silty soil with thickness of 20–30 cm  or, geotextile 

of 400 grams per square meter (g/m2) for bottom liner and 200 g/m2 

for top cover, depending on the landfill height. In the case of land 

height in the landfill is more than 20 m, geotextile should be 800 

g/m2. 

v. Leachate drainage layer: A leachate drainage layer should be 30 cm 

thick made of filter gravel, ensuring permeability greater than 10-2 

cm/s. 

 
Figure 11: Leachate drainage layer 

6. Landfill phasing 

The important criteria and must be adopted as per the pre-determined 

plan. Landfill phasing is essential to:- 

a) To minimise damage to the landfill base layers 

b) Ensure continued integrity of base layers over the lifetime of the 

landfill 

c) Minimise potential rainfall infiltration. 

 However phasing must be as per site specific decision, site condition and 

care must be taken in design so that the proposed landfill volume should 

be large enough accumulating MSW generated/brought for one year.  

7. Leachate management 

 It must be carried out by pre-identified leachate generating sources and 

its appropriate collection and management as per the standard norm 

documented in the MSWMM, MOUD, GoI 2016.  

8. Waste placement 

 It should follow the following steps: 

i. A 30 cm thick layer of select waste without compaction will be placed 

on the geotextile as and when the laying is completed. 
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ii. In order to dump subsequent layers of waste, soil should be pushed 

gently by a light dozer for access path. 

iii. One or two main routes with extra thickness of soil layering (60-90 

cm) should be created for use by heavier equipment for the purposes 

of soil moving. 

iv. Avoid damaging the geo membrane due to movement of machinery. 

v. The first loading of waste should be spread and slightly compacted 

with light machinery. 

vi. No bulky items should be dumped in the first charge. 

9. Surface sealing system 

The surface sealing must follow the following sequence from waste 

surface to top:  

a) Gas drainage layer- 30 cm thick formed by crushed gravel or crushed 

demolition waste to facilitate gas collection.  

b) Mineral clay layer: Mineral clay layer should be a 60 cm: either of clay 

or amended soil and should satisfy permeability requirements of k = 

10 cm/s. If the permeability is higher than 1.5 mm HDPE may be 

installed over 60 cm thick soil layer. 1.5 mm HDPE liner should be 

covered with a 20 cm protection layer or geotextile. 

c) Water drainage layer: The water drainage layer should be 30 cm thick 

formed by crushed gravel. The gravel layer should be covered by a 

geotextile or alternate separator to prevent clogging of the drainage 

layer by the overlying soil.  

d) Vegetative soil layer: The top layer should be 45 cm thick vegetative 

(culturalble) soil. 

 
Figure 12: Surface liner system 

10. Infrastructure of sanitary landfill 

i. Road Construction 

ii. Equipment and Resources 

iii. Waste Inspection Area or Emergency Area 
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iv. Security and Fencing 

v. Tyre Cleaning Unit 

vi. Sanitary Landfill Buildings 

 

Construction of sanitary landfill  (SLF) 

 

Construction of sanitary landfill must be carried under the supervision of 

qualified engineers with following assigned  tasks: 

i. Supervision of construction works 

ii. Quality assurance 

iii. The drainage layer 

iv. Leachate collection system 

1. Supervision of construction works 

The construction of a sanitary landfill should be supervised by an independent 

engineer on behalf of the municipality or the employer. 

i. Approval of the drawings and the final design. 

ii. Quality assurance of all operations related to the landfill. 

iii. Compliance with the SWM Rules, 2016. 

iv. Time scheduling, steering, and coordination of/at the construction 

sites. 

v. Acceptance of the construction work and supplies. 

2. Quality assurance  

Quality assurance and quality control are integral parts of a landfill design 

scheme. Quality assurance / quality control plans should be used to ensure 

that the design and construction of the facility is carried out as per approved 

standards. 

3. The drainage layer 

The drainage layer is built on the protection layer. The drainage layer must 

comply with the following requirements: 

i. The chemical, physical, and mechanical stability of the material selected 

for the drainage layer must ensure that there is no adverse effect on the 

drainage efficiency from the chemical and physical leachate 

characteristics and the mechanical load of the landfill body. 

ii. For the drainage layer, washed material should be used and rounded 

grains (grits) preferred. 

iii. Grain-size distribution of the material should be used for the drainage 

layer, with permeability greater than 10-2 cm/s. 

4. Leachate collection system :  

It must be carried out by indentified leachate generating sources and 

appropriate collection as per the standard norm documented in the MSWMM, 

MOUD, GoI 2016.  

5. Slope stability aspects and seismic aspects :  

The stability of a landfill should be checked for in the following situations: 

a) Stability of excavated or filled slopes 

b) Stability of liner system along excavated or filled slopes 
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c) Stability of temporary waste slopes constructed to their full height 

(usually at the end of a phase) 

d) Stability of slopes of above-ground portion of completed landfills 

e) Stability of cover systems in above-ground landfills 

The aforementioned tasks must be carried out as per specification laid down in 

the “MSW Manual  ,  MoUD, GoI 2016.” 

  

Operation  of Sanitary  landfill  (SLF)  

 

Sanitary landfill operation must be carried   out under the supervision of 

qualified engineers with following assign tasks: 

1. General requiremnt 

a) Operation Manual 

b) Employee Assignments and Responsibilities 

c) Staff Responsibilities and Qualifications 

d) Time of Opening and hours of Operation 

e) Site Notice Board 

f) Site Security 

2. Waste  reception and control of incoming waste 

All deliveries by collection vehicles of the municipality and from private service 

providers should be documented by checking the (registered) license plates, 

the respective labelling on the vehicles for source and type of MSW, or the 

respective license. Corresponding lists with the license plate numbers have to 

be compiled before handover to the landfill supervisor to help the weighbridge 

operator identify the vehicles. 

3. Waste management 

Spotters should be engaged to guide the deliveries to pre-indentified locations 

for waste unloading at the landfill. The following unloading areas should be 

available: 

 Waste disposal area 

 Temporary storage areas for C&D (Construction and demolition) 

waste, and excavated earth/soil (cover material) 

4. Filling and compaction procedure of waste 

 A high degree of waste compaction extends the capacity and thereby the 

lifetime, of the landfill, reduces the need for cover material, minimizes litter 

problems and cuts down on long term land requirements. 

5. Covering of waste 

Cover includes imported cover such as  

a) Soil and other inert waste 

b) Other material such as fine portion of C&D waste, street sweepings, 

and silt form dry drain. The cover soil should be pushed by a 

bulldozer or wheel loader up the slope and spread out as evenly as 

possible. When constructing a body in an open area, the side slopes 

also require soil cover. 

Landfill must be covered with following types :  
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 Daily Cover 

 Intermediate Cover 

 Temporary Surface Cover 

 Covering during the Monsoon 

6. Final cover (surface sealing system) 

To minimise infiltration of storm water in the landfill body and to allow storm 

water runoff, a surface sealing system has to be installed after the final 

completion of each portion of landfill. 

7. Landfill gas management 

A large part of mixed waste (50%–60%) consists of biodegradable 

components which produce methane gas. To reduce GHG emissions and 

thereby reduce environmental impacts, it is mandatory to install a de-

gassing system for sanitary landfill. The gas management strategies should 

follow one of the following options: 

a) Controlled passive venting 

b) Controlled active collection and treatment or reuse. 

c) Flaring of LFG also may be a option 

8. Sanitary landfill roads 

An important part of the landfill operation activities is enabling vehicles to 

reach the landfill area  (accessibility)  on a daily basis  until the landfill 

closure procedures are in place. Therefore need for maintenance of access 

roads having appropriate signages. 

 Road Construction 

 Main and Temporary Roads 

 Road Maintenance 

9. Storm water management 

All surface water ditches, culverts, drainage channels, and settling ponds 

(storm water ponds) should be designed by a hydrologist using 

hydrometeorological data. 

a) Surface Water Collection 

b) Storm Water Retention Pond 

c) Maintenance of the Storm Water System 

10. Landfill equipment 

a) Necessary required equipment and 

b) Maintenance of all equipment stationary & mobile equipment 

11. House-keeping  of the sanitary landfill 

Housekeeping should be conducted in such a manner that it protects the 

public and surrounding environment from risks and odour nuisance 

emanating from landfill operations. A well-controlled landfill operation will 

enhance public perception and acceptance of the landfill site. 

The following general measures  be considered: 

 

a. Health and Safety 

b. General Safety Measures 
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c. Person Related Safety Measures 

d. First Aid 

e. Personnel Accidents 

f. Fire Prevention and Protection 

 

12. Environmental  monitoring 

The environmental monitoring of landfills should be performed as per SWM 

Rules, 2016. 

 

Closure and post-closure plan of SLF 

 

Determination of the end use of a landfill site is an essential part of the plan for 

landfill closure and post-closure maintenance. A closure and post-closure plan 

for landfills involves the following components: 

 

i. Plan for vegetative stabilisation of the final landfill cover 

ii. Plan for management of surface water runoff with an effective drainage 

system. 

iii. Plan for periodical inspection and maintenance of landfill cover 

(settlements) and facilities 

iv. Plan for quantity and quality of leachate monitoring from/at the landfill 

v. Plan for quantity and quality of landfill gas monitoring 

vi. Plan for groundwater quality (up gradient and down gradient) 

i. Plan for surface water quality at the periphery of landfill and at 

receiving water bodies 

The post-closure care of landfill site shall be conducted for at least 15 years in 

line with the SWM Rules, 2016 as mentioned above. The authority or 

concessionaire that operated the sanitary landfill shall be responsible for post-

closure activities and monitoring. 

 

a) Plantation at Landfill Site. 

b) Considerations for Landfill Costing. 

 

Ref. Municipal Solid Waste Management Manual, Ministry Of Urban 

Development (MoUD) , Government Of India. 

 

 

*** 
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CHAPTER VIII 

 

RECOMMENDATION & WAY FORWARD 

 

Recommendations to control odourous emission from MSW landfills 

 

The guidelines have proposed various strategies to abate Odour drawing from 

the experience in the field while executing pilot study on Odour monitoring at 

MSW landfill at Ghazipur, Delhi. The reader is advised to review the following 

chapters in this report : 

 

a. IMPORTANCE IN ODOUR MONITORING IN URBAN MSW LANDFILL 

SITES   

b. PREVENTIVE MEASURES - ODOUR ABATEMENT AT MSW 

LANDFILLS     

c.  ODOUR  CONTROL  TECHNOLOGIES  IN  MSW  LANDFILL  SITES   

d.  REMEDIAL OPTIONS FOR ODOUR PREVENTATION  

e.  CRITERIA FOR SELECTION  & DESIGNING OF MSW LANDFILL SITES 

 

For further emphasis  some key features are deliberated upon below : 

 

i. Segregation of MSW must be adopted appropriately particularly at the 

source   

ii. Design, construction and operation of MSW be carried out as per 

Municipal Solid Waste Management Manual, Ministry Of Urban 

Development (MoUD) , Government Of India. 

iii. The main  odourous  compounds are :   

 

a. Ammonia 

b. Mercaptans  

c. Butyric acid 

 

The concentration of such odourous emission can be minimized by adopting:- 

 

1. Appropriate C/N ratio in the MSW landfill system 

2. Operating the landfill in such way that the population of 

sulphur reducing micro-organisms are maintained rationally. 

3. Process design and operation of the landfill should be in such 

way that partial aerobic condition may prevail which will reduce 

generation of VOCs and solubilising the sulphur and nitrogen 

constituents as leachate, which will reduce availability of 

nitrogen and sulphur to anaerobic microorganism to transform 

to ammonia and reduced sulphur odourants. 
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iv. Selection of appropriate plant species for vegetation cover around the landfill 

site assist in reducing odours  

v. MSW Landfill system be designed for tapping LFG  efficiently to mitigate 

fugitive odorous emissions   

vi.  The materials used for high and low covers must be non-corrosive and be 

put in appropriate configuration of the landfill system  such  that it acts as 

a odour preventive measure 

vii.  Where the implementation of other odour abatement measures is difficult 

in the MSW Landfill , appropriate arrangement be made for spraying 

intermittently inhibitory agents, masking agents, neutralizers  the rationale 

being that they will reduce   the inherent unpleasant hedonic tone of the 

landfill emissions. Chemical agents  ex enthro quenone, ferric salt  , a 

nano- iron oxide polymer network (NIOPN) – sulpha sponge etc may be 

dispersed over MSW landfill site to reduce odours  

  

 
Figure 13:   Views of   Ghazipur Landfill site with green facade (facing NH 

24)  after part closure  
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Way forward  

 

Common  Odour sources  in urban areas :  

- Garbage ( bio-degradable MSW) & sewage  

Challenge to odour monitoring :  

a. Characterise  ‘signature ‘  odourous   gaseous  mixture  of  a region  ex.    

MSW landfill, sewage (open drains) , STPs, eutrophic lakes  

b. Lack of  source based  database  on Odour levels 

c. Awareness  on odour is  low (public nuisance) 

d. Lack of  legislative obligations 

 

To  initiate  legislative norms there is a need for  creating baseline data on 

ODOUR.  However as manual measurements are time consuming hence  there 

will be a  need for gradual shift  for   installation of  an efficient tool  i.e.  

Continuous  Odour  Measurement  Systems (sensor based )  that similarly 

being adopted by CPCB  for other environmental parameters ex. Continuous Air 

Quality Monitoring Stations (CAAQMS) , Continuous Noise Monitoring Stations’ 

and Continuous Water quality monitoring stations which provide real time data.  

 

The Guidelines have been prepared keeping in view of the various mandatory 

and statutory provisions and the climatic conditions that accelerate 

biodegradation of organic wastes.   This is the first initiative by CPCB to 

address odour problems by a scientific investigation way, similar studies can be 

undertaken by other institutions for areas (ex. Industrial estates) other than 

MSW landfills so that a database can be created to  highlight  importance of 

odour minimisation and prepare a framework for odour  management in urban 

areas.    

 

 

Figure   CPCB’s Real Time Water Quality Monitoring Station   

(AWQM   in   River  Ganga) 
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Figure : Continuous Noise Monitoring System (NMS) measuring real time 

noise levels (CPCB) 

 

 
 

Figure : CPCB’s Continuous Air Quality Monitoring Stations (CAAQMS)  

 

 

*** 
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To the READER    
 

Central Pollution Control Board (CPCB)  awarded the  project “Development of National Guidelines 

on Odour Monitoring & Management of Urban Municipal Solid Waste (MSW) Landfill Site”  to M/s. 

J.M. EnviroNet Pvt. Ltd. (henceforth Project Consultant), Gurugram, Haryana, India in September 

2015. The sampling & analysis protocols for determining odour emission   from MSW Landfill site is 

the core of this study around which the pilot study on Odour monitoring was conducted at the 

identified MSW landfill site at Ghazipur located in East Delhi. Dynamic Olfactometry is the 

internationally accepted & recommended method which facilitates field sampling cum laboratory 

analyses by expert panelists – both, the expertise & instrumentation is cost prohibitive for a pilot 

study.  In India ODOUR is a NEW area which needs to be familiarized, hence literature survey on 

various aspects and also to explore economically feasible and adaptable methods to create a 

database that can assist in generating mass awareness. For CPCB’s pilot study on Odour 

monitoring the use of Field Olfactometry was accepted. Odour Dispersion modeling & mapping was 

done by IIT Delhi. The above exercise assisted in preparing the Guidelines on Odour Monitoring in 

MSW Landfills which recognizes the diverse climatic zones of our vast country, hence odour 

surveys at MSW landfill sites cannot be generalized but to be assessed on a case to case basis 

taking into consideration the unique temporal & spatial influences of each MSW landfill site. This 

report is in compliance of the project’s ToR conditions. For simplification, the entire study is being 

presented in following FOUR PARTS in order of their development.  

 

1. Sampling & analysis protocols for determining odour emission from MSW Landfill site  

(page 1-94 ) 

2. Case study – Pilot  Study  on  Odour Monitoring  at  Municipal  Solid  Waste  (MSW)  

Landfill  Site,  Ghazipur,  East Delhi   in   year 2016   (page 95-130 ) 

3. Odour Dispersion modeling & mapping - Ghazipur MSW Landfill, Delhi ( page 131-160 ) 

4. Guidelines on Odour Monitoring in Urban MSW Landfill    ( page 161-230 ) 


