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Abstract: As the population increases and the process of urbanization continues to accelerate, the
amount of domestic waste produced has shown a rapid growth in the past 30 years, and the resulting
odor pollution has also brought adverse effects about human physical and mental health and daily
life. The odor pollution caused by domestic garbage has a wide range of sources, from the front-end
residential areas, shopping malls, schools to the middle-end clearing vehicles, transfer stations, and
end landfills, kitchen waste treatment plants and other places. The various types of odor-causing
factors have promptednew approaches for the cost-effective and environmentally benign treatment
of odor gas. This paper seeks to review the published research on the development and applications
of waste malodorous gas treatment technology at home and abroad in recent years from biological,
physical and chemical methods. It is obvious that the selection of deodorization technologies is
conditioned by many factors, and it should be preceded by an in-depth analysis of possibilities and
limitations offered by various solutions with reasonable design and combined process.
1. Introduction
Human recognize the existence of stimulant chemical pollutants through olfactory
organs [1]. Some odors make people feel happy, such as perfume, fruit, etc [2], some of which are
disgusting, such as garbage, sewage, etc [3].Grimm et al. discussed the main challenges facing
global change and urban ecology in a scientific journal in 2008 on the subject of Global Change and
the Ecology of cities, and pointed out that the situation of environmental problems such as urban
waste is severe[4]. The United Nations Environment Programme (2009) also warned that the total
amount of solid waste dumped in the world amounts to billions, among which developed countries
produce the most. However, with the rapid economic growth of developing countries, the amount of
solid waste produced is expected increasing substantially. A large amount of odor will be produced
in the process of garbage generation, transportation and treatment, and the garbage that is littered
and randomly stacked will also produce it. It is of great significance to solve the odor problem of
household garbage because of its serious impact on human life and health.The malodorous
substances produced by domestic garbage not only have a wide range of sources and are difficult to
handle, but have an adverse effect on human health and the ecological environment. At first, as one
of themalodorous substance, CH4 is a green-house gas (GHG) with a Global Warming Potential
(GWP) 28 times higher than CO2. Secondly H2S is a malodorous compound, and third NMVOCs
are mainly aliphatic, aromatic, organ-halogen, sulphur compounds that have acknowledge
toxicological, cancerogenic and malodorous proprieties [5]. Some malodorous gases can cause great
harm to the human body at low concentrations, mainly in the following aspects:
(1) Damage to the respiratory system and affect normal respiratory function; 
(2) Injury to the internal circulatory system, blood pressure and pulse will change with changes
in breathing; 
(3) Damage to the digestive system, leading to decreased digestive function; 
(4) Damage the endocrine system, cause functional disorder, and affect the body's metabolism;

(5) Damage to the nervous system, resulting in fatigue of the olfactory nerves, and eventually
loss of the function of inhibiting and exciting nerves in the cerebral cortex;
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(6) It affects the mental state, makes people irritable, causes a decrease in work efficiency and
affects people's memory and judgment ability;
(7) Malodorous substances can cause poisoning, carcinogenesis and even death.
Garbage odor is the gas that stimulates human's sense of smell or pollutes the environment
produced during the storage, transportation and treatment of garbage. It can be roughly divided into
five categories: sulfur-containing compounds, such as H2S, nitrogen-containing compounds, such
as NH3, halogens and their derivatives, such as Cl2, hydrocarbons and aromatic hydrocarbons such
as alkanes, and oxygenated organic compounds such as formaldehyde. Volatile organic compound
(VOC) is a kind of unique gas, which is released from solid or liquid. The clean air amendment
(CAA) defines VOC as any carbonaceous compound other than carbon monoxide, carbon dioxide,
carbonic acid, metal carbides or carbonates, and ammonium carbonate, which participates in
atmospheric photochemical reactions.
The main reason for the smell of domestic waste is that the organic components in domestic
waste react to produce new substances under the action of microorganisms. Because domestic waste
has many links from the production end to the final resource utilization process, and in different
links, domestic waste, the components are quite different and extremely complex. Table1 shows
Gaseous contaminant in municipal solid waste collection and transportation system.
Garbage transfer is the process of compacting and compressing the domestic garbage by the
mechanical equipment in the garbage transfer station, and transporting it to the garbage disposal site
in a large and medium-sized garbage truck. The domestic waste transfer system includes waste
transfer stations, compaction and compression facilities and equipment, transportation vehicles,
related staff, and waste transportation routes involved in waste transfer. The garbage transfer system
occupies a very important position in the urban domestic garbage treatment system, connecting the
garbage source collection link and the end treatment link.
The main reason for the emission of odor gas from landfill site is that the landfill waste produces
various gas compounds under the biodegradation of microorganisms. More than 100 odorous
compounds, including hydrogen sulfide (H2S), methyl mercaptan (CH3SH), dimethyl sulfide
(CH3)2S and ammonia (NH3), can be considered as the source of odor in landfill. Among sulfur
compounds, H2S is considered to be the main source of odor in landfills.
Microorganisms can transform inorganic sulfide, sulfate and sulfite into hydrogen sulfide by
sulfate assimilation or by using organic sulfur compounds, also can produce H2S by catabolism of
cysteine and glutathione. In addition, under anaerobic conditions, hydrogen sulfide can be produced
by the bacterial reduction of sulfate and the decomposition of sulfur-containing organics. Sulfate
reducing bacteria (SRB) is a kind of anaerobic bacteria which can dissimilate sulfate. It can reduce
the production of H2S.
Scientific studies have shown that the typical sulfur content of food waste is as high as 0.4% (by
mass) through the composition analysis of food waste (calculated by carbon, hydrogen, nitrogen,
oxygen, sulfur and ash). Under anaerobic conditions, organic sulfur compounds, such as cysteine
and methionine, are biodegraded to produce H2S. The waste paper also contains sulfate, which
contains tens of millimoles of sulfate per kilogram of waste paper. If there is a large amount of
waste paper in municipal solid waste landfill, waste paper can be considered as an important sulfur
source in landfill.
Composting odors were not regarded to be particularly offensive, and many facilities were
designed and constructed with no provisions for odor control. Experience has shown that the odor
generated during composting has a persistent nature, which, if left untreated, can remain detectable
for many miles from the facility. What's more, there is also increasing concern with the toxic nature
of some of the volatile organic compounds (VOCs) emitted during composting.
With regard to the production, composition and concentration change of malodor in municipal
solid waste (MSW) fermentation, studies show that both aerobic and anaerobic fermentation can
produce malodor, but most of the malodor comes from anaerobic process. The organic wastes from
MSW are composed of monosaccharide, starch, protein, lipid, cellulose and lignin in different
proportions. Due to the action of microorganism, irritant gases are produced under aerobic
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conditions, while odor substances such as volatile low molecular fatty acids, alcohols and amines
are produced under anoxic or anaerobic conditions. The odor produced by different bacteria is
different.
In the process of moving garbage, such as transportation, crushing and sorting, a large number of
malodorous substances are emitted into the air. The concentration of malodorous gas emitted in
these processes is often higher than that in fermentation process. The results show that the highest
concentration of VOCs mostly appears at the bottom of the inclined platform and the waste
crushing place.
In the fermentation process of municipal solid waste, microorganisms use the organic part of
municipal solid waste as nutrients to decompose and produce odorous gaseous metabolites or
intermediate metabolites, including fatty acids, amines, aromatic compounds, inorganic sulfur,
organic sulfur, terpenoids and other volatile organic compounds. The difference of fermentation
materials will lead to the difference of main odor components. In addition, the main malodorous
substances produced by the same fermentation material in different fermentation stages were also
quite different. It can be seen that there are many studies on the analysis of odor components in
garbage fermentation, but due to the changeable components of garbage and imperfect
measurement methods, a relatively complete list of components has not been formed.
In addition, according to relevant studies, the concentration of most malodorous substances
released in the early stage of MSW fermentation was the highest, and then gradually decreased. The
main components of household garbage are kitchen waste and fruit. Most of these substances are
starch and carbohydrate of protein, fat, fiber and water-soluble carbohydrate, which are easily
degraded by microorganisms. Therefore, in the early stage of fermentation, microbial metabolism is
vigorous and the concentration of pollutants released is high. Studies have shown that the organic
carbon content of municipal solid waste (MSW) decreased significantly in the early and middle
stages of fermentation, but tended to slow down in the later stage. It was found that the loss of N
was mainly concentrated in the first 15 days, while the loss of C was mainly concentrated in the
first 5 days. These lost elements were mainly carried away by percolation and fermentation gas.
However, not all pollutants follow this rule. Some studies have found that acetone, 2-butanone,
2-hexanone and so on show the opposite trend during the composting and fermentation of municipal
solid waste, which can be understood as the metabolites generated when some large bio organic
compounds such as lignin and protein are gradually transformed into humus.
Table 1 Gaseous Contaminant In Municipal Solid Waste Collectionandtransportation System
Odor source
garbage Transfer
Stations

Characteristics of pollutants
Hydrocarbons, benzene series, halogenated hydrocarbons, oxygenates,
dichloromethane, H 2 S, CS 2 , toluene, limonene, ethanol, acetone, esters,
m-xylene, CH 4 , VOCs,

Landfill site

Aromatic compounds, halogenated compounds, aldehydes, ketones,
hydrocarbons, benzene series, halogenated compounds, organic sulfur,
oxygenates, methyl ethyl ketone, toluene, p-xylene, ethyl acetate,
ethylbenzene, aliphatic hydrocarbons, monocyclic aromatic hydrocarbons,
ethers,
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information sources
Curren et al.2016[6]
Wenqing F.2013[7]
YongLU.2008[8]
Liu Y et al.2020[9]
Guo H.2017[10]
Liu YH.2012[11]
Wang W T.2012[12]
Zaman et al.2017[13]
Pan.2020[14]
Fang et al.2012[15]
Wenjing
L
et
al.2015[16]
Lee et al.2018[17]
Tagaris et al.2003[18]
Lim et al.2018[19]
Li L et al.2012[20]
Heaney C D et
al.2011[21]
Yue D et al.2014[22]
Rossi E et al.2019[23]
Yao D et al.2015[24]
Son Y S et al.2007[25]

Composting
plant

VOCs, hydrogen sulfide, dimethyl sulfide, carbon disulfide, dimethyl
disulfide, 1,3-dimethyl benzene and o-xylene

Yuanyuan
L
etal.2010[26]
Cheng Z et al.2019[27]
Rincón C A et
al.2019[28]
De Guardia A et
al.2019[29]
Tsai C J et al.2008[30]
VanDurme G P et
al.1992[31]
Zhu Y et al.2016[32]
Xu Z et al.2020[33]
Han Z et al.2019[34]
Bidlingmaier
W.2007[35]
Zhang H Y et al.
2012[36]

Based on the above reasons, countries in the world have formulated corresponding policy
standards to control the odor generated by domestic waste into the natural environment. The earliest
research on malodor pollution abroad was in the 1960s. In 1972, Japan formally implemented the
“Odor Prevention Act”, which aims to control the production of odors from corporate activities and
protect the living environment and the health of the people. The law regulates areas where odors are
controlled, prevention measures, implementation standards, punishment methods, etc., which shows
that South Korea's regulations on odor pollution are similar to those in Japan. In the early 1990s, the
“Atmospheric Environmental Protection Law” was issued, and attention began to be paid to the
problem of odor pollution. The “Odor Prevention Law” promulgated in 2003 controlled 8 types of
odorous substances until 2010, it increased to 22 types, namely: ammonia, methyl mercaptan, and
set limits for the concentration of odor and odorous substances at the boundary of the site. In 1971,
the “Clean Air Act” promulgated by the United States stipulated the national and state standards and
regulations for the control of malodorous substance categories and malodorous pollution. After 10
years of research, the European Standards Institute published “Air Quality. It take the dynamic odor
determination method to determine the odor concentration” (EN. 13725-2003), replacing the
previous national standards of European countries. The earliest odor research in China began in the
1980s. The Tianjin Environmental Science Research Institute introduced Japan's “Three-Point
Comparable Odor Bag Method”, drafted and promulgated the “Emission Standard for Odor
Pollutants” by the Ministry of Environmental Protection. (GB14554-93), 2003), the relevant
parameters are shown in Table 2.
Table 2 Emission Standards For Unorganized Odor Pollutants in China
Pollutant
ammonia
Trimethylamine
hydrogen sulfide
Methyl mercaptan
Methyl sulfide
Sulfur dimethyl
carbon disulfide
styrene
Odor concentration

Unit
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
mg/m3
Dimensionless

Level 1
1.0
0.05
0.03
0.004
0.03
0.03
2.0
3.0
10

Level 2
1.5-2.0
0.08-0.15
0.06-0.10
0.007-0.010
0.07-0.15
0.06-0.13
3.0-5.0
5.0-7.0
20-30

Level 3
4.0-5.0
0.45-0.80
0.32-0.60
0.020-0.035
0.55-1.10
0.42-0.71
8.0-10
14-19
60-70

Although many people have realized that the odor produced by domestic waste has a great
impact on the ecological environment, and some countries have issued corresponding laws,
regulations and standards, the methods and processes for efficiently removing odor factors need to
be further systematically summarized.The purpose of this paper is to summarize various odor
treatment technologies, so as to provide reference for the selection of odor treatment technologies
for domestic waste. Garbage can produce odorous or toxic gases. Generally speaking, odor
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treatment technologies can be divided into three categories: chemical methods (oxidation, chemical
decomposition, chemical absorption, etc.), physical methods (condensation, adsorption, absorption,
etc.) and biological methods (biofilter, biotrickling filter, biological adsorber, etc.) [6]. With the
development of technology, the majority of odor treatment technology is a combination of physical,
chemical and biological technologies. An important advantage of biological treatment over physical
and chemical technology is that biological treatment can be carried out at medium temperature (10–
40°C) and atmospheric pressure. With the continuous advancement of urbanization, treatment of
malodorous gas has almost become a necessity, so how to optimize and integrate existing processes
and carry out research and development of new technologies should be take into consideration.
2. Methods
2.1 Comparative Analysis of Various Biological Methods
The advantages of biofiltration are simple and clear technology, low cost and low operation cost.
In addition, it can effectively remove pollutants at low concentration; it can also filter at low
pressure without waste filtrate. However, the disadvantages are also obvious, such as changing the
filter bed every 2-5 years, it is difficult to deal with high concentration pollutants, it is difficult to
control the humidity and pH value in the filtration process, and there is a risk of particle blocking
the bed. At present, new materials gradually make up for the above deficiencies.
Compared to a conventional biofilter or biotrickling filter, the bioscrubber offers the significant
advantage of producing and sustaining much larger amounts of microbial biomass in more compact
process units, while maintaining very high specific substrate utilization rates.
The advantages of Biotrickle-filtration lie in simple process, low cost, low operation cost,
effective removal of pollutants, including acid pollutants, and smooth filtration under low pressure.
The main disadvantage is that when dealing with high concentration of pollutants, too high nutrient
dose may lead to the growth of biomass and the blockage of filter bed.
Biological deodorant is generally made of bacteria that can absorb and degrade odor. Its
advantages are clean and pollution-free, but the disadvantages are that different strains have
selective absorption of odor components, and the scope of application is too small. Moreover, the
pre culture, selection and final mass production of strains need strict control technology, which is
costly.
The membrane reactor has the advantage of easy operation as there are no moving parts and the
flows of gas and liquid can be varied independently to avoid problems of flooding, overloading, or
foaming. The disadvantages include high investment costs and the risk of clogging of the liquid
channels due to formation of excess biomass.
Biological deodorization has become a mature technology field. According to a large number of
literature studies, considering the cost performance and practicability, biotrickling filtration and
biofiltration are widely used methods for odor treatment. On the basis of biofilter theory,
considering the availability of various odor degrading microorganisms and their different
combinations, a wide range of technology options have been created to meet the needs of effective
odor treatment, and many technologies combined with biofilter have been developed. In each type
of technology, there are currently a variety of different devices. These changes can be combined
with different optional process details, such as downstream or countercurrent of process medium in
bioreactor, applicable recycled liquid flow, possible multistage treatment combined with physical or
chemical methods, etc.
2.2 Comparison of Physical, Chemical and Biological Methods
Physical deodorization method is generally suitable for odor with small range, low concentration
and low pollution. This method has the advantages of short maintenance time, disposable materials
and disposable disposal, resulting in waste and new waste pollution.
Chemical methods have the characteristics of mature technology, high efficiency and high safety,
as well as the disadvantages of high cost and short maintenance time. Many chemical oxidants such
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as hydrogen peroxide, chlorine, hypochlorite, potassium permanganate, and ozone can be applied to
reduce volatile organic sulfur compounds (VOSCs) from sludge. However, chlorinated or ozonated
byproducts raise concerns along with the cost of these chemicals.
The advantages of biological method are high efficiency, safety, no secondary pollution, easy
operation, simple equipment and low cost[7]. Compared with physical and chemical technologies,
the most important advantage of biological deodorization is that biological deodorization can be
carried out at normal temperature (10 – 40 ℃) and normal atmospheric pressure, while physical or
chemical deodorization generally requires strict unconventional temperature and unconventional
atmospheric pressure[8].
Physical, chemical and biological methods have their own advantages and disadvantages, and
selection of suitable deodorization technique depends on:
(1) Scope and place of odor treatment
(2) Odor emission intensity
(3) Emission characteristics
(4) Total amount and types of pollutants
(5) Ambient air quality testing standard
(6) Available economic budget
(7) Whether the treatment method meets the national or local standards
In the future research direction, we should consider how to choose the appropriate method or a
combination of multiple methods to achieve the optimal economic benefits and reduce pollution.
For example, the use of alkaline oxidation scrubbers can achieve high efficiency when aromatics or
amines are involved, but due to the relatively expensive use of large amounts of strong oxidants, in
addition to the cost of reagents, special building materials and waste disposal are also required. The
indisputable advantages of biofilter are relatively low operation cost, low energy consumption and
less by-product generation. From the perspective of environmental protection, this is very important.
The overall progress of biological deodorization technology has attracted extensive attention. In
terms of improving the removal efficiency of odor compounds in gas mixture, biotechnology is the
future trend. An interesting solution seems to be the application of natural fillers from biofilters (a
mixture of coconut fiber and sludge based carbon, peat and heather, and pine bark). Such a solution
is very interesting. It can not only remove odor, but also recycle other waste materials.
2.3 Deodorization Methods in Each Treatment Scene
The development of odor control of domestic waste is relatively slow, and research is mainly
concentrated on the end disposal sites such as landfills. With the gradual promotion of waste
classification regulations in various countries, it is necessary to further explore how to control odor
in the entire process of collection, storage, transportation and disposal for high-moisture, high-fat,
and perishable household waste. As far as the front-end community garbage wing is concerned, it
has the characteristics of scattered garbage disposal time, close to residential buildings, and small
working space. The current deodorization methods mainly include diffusion and dilution and
fragrance masking, which cannot fundamentally solve the impact of odor on residents’ daily lives.
The garbage compartment of a residential area in Shanghai, China, can effectively inhibit the
reproduction of odor-causing bacteria by regularly spraying compound plant extracts and cut off the
odor caused by the decomposition of domestic garbage from the source. The domestic waste
transfer station is an important hub for the transfer of urban solid waste, and odor pollution is also
one of the main sources of secondary pollution[9]. Some scholars have studied the possibility of
applying biological deodorant in garbage transfer stations. Using ultrasonic atomization device to
spray on the surface of garbage, its deodorizing effect is better, but the duration is short, and
continuous spraying is required. How to develop durable Biological deodorants and supporting
equipment have become a research focus. As the main end disposal site of organic perishable waste,
which accounts for more than 60% of domestic waste, the food waste treatment plant is also
particularly important for deodorization of various links in the operation process. At present, the
most common method is to collect the odor in the workshop under negative pressure and then go
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through the multi-stage water washing of the spray tower, and finally achieve the discharge up to
the standard. Taking a large-scale kitchen waste treatment plant in Guangzhou, China as an example,
the odor collected by negative pressure first enters the alkali absorption tower to remove most of the
acidic pollutants in the odor, and then enters the sodium hypochlorite chemical oxidation absorption
tower after being washed with alkali. The reductive pollutants in the odor are fully oxidized in the
oxidation tower and then enter the final biological deodorant absorption tower. After the odor is
treated by the three-stage scrubber, it is transported by the glass fiber reinforced plastic draft fan to
the exhaust cylinder for high-altitude discharge. The key to whether the odor can be effectively
removed to meet the emission standard is the performance of the biological deodorant in the final
spray tower. In addition, some food waste treatment plants supplemented with UV photocatalytic
process instead of the final spray, using UV ultraviolet light beam and ozone to further decompose
and oxidize the exhaust gas, destroy its molecular bonds and degrade it into low molecular
compounds, water, carbon dioxide, etc.
3. Conclusion and Prospect
With the rapid development of urbanization and the improvement of people's living standards,
the amount of municipal solid waste is increasing rapidly, and the end waste disposal is facing great
environmental pressure. The odor problem has brought significant impact on urban environmental
management and public health. How to efficiently and conveniently deal with the odor generated by
domestic waste is imminent. In this paper, the development status of odor removal technology from
domestic waste was reviewed from three aspects: physical method, chemical method and biological
method.
Physical deodorization can quickly eliminate the influence of odor by changing the shape and
concentration of odor. The process is relatively mature, but it has higher requirements on the treated
gas and treatment environment, high treatment cost and can not fundamentally remove the odor
components. Chemical deodorization can achieve deodorization in a short time by changing the
molecular structure of odor through chemical reaction, but it has some problems such as limited
application scope, high operation cost, complex reaction and easy to cause secondary pollution.
Biological deodorization has attracted the attention of many scholars since 1950s. It uses the
metabolism of microorganisms to inhibit the production of odorous substances or degrade them into
harmless and odorless end products. The process is simple and easy to operate, but it is difficult to
screen and cultivate strains, and most of them need to be carried out in liquid phase.
The odor problem caused by domestic waste has the characteristics of wide production links,
many kinds of odor, complex composition and strong durability, which leads to a large number of
odor control problems, which requires different technology and engineering solutions. It is hoped
that researchers from all over the world will continue to research and create green and
energy-saving odor treatment technology of domestic waste, and apply different technologies in
practical application. In order to find the best way to solve the odor problem in different links of
domestic waste collection, storage, transportation and resource utilization according to local
conditions.
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