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Abstract: Domestic solid waste landfills are sources of unpleasant odors that affect the lives 

of residents living nearby. It can be said that odor pollution is considered a pollution 

problem that has caused much concern for people living around landfills in recent times in 

Vietnam in general and also in Dong Thap province. This study was conducted to assess the 

status of odor pollution and apply the TAPM-AERMOD model system to simulate the 

spread of odor pollution at the Dap Da landfill, thereby proposed solutions to reduce odor 

pollution, contributed to protect the air environment around the landfill. The study 

calculated the emission load of NH3, H2S and CH3SH from the Dap Da landfill based on the 

emission factors method. The results of the odor spread simulation showed that the highest 

average 1-hour concentration of NH3 was 1000 µg/m3, in range of 200-500 µg/m3 with the 

farthest spread distance of 2 km and mainly in the Northwest direction; the highest average 

1-hour concentration of H2S was 165 µg/m3, in range of 42-80 µg/m3 with the longest spread 

distance of 2.1 km and mainly in the Northeast direction; the highest average 1-hour 

concentration of CH3SH was 71.8 µg/m3, in range of 50-70 µg/m3 with the longest spread 

distance of 623 m and mainly in the Northeast direction. The study built 2 scenarios  in the 

future when expand the landfill to 2050, showed that the pollutant concentration increased 

by 1.5-2.0 times, the spread distance increased by 1.3-1.5 times (in scenario 1) and 3.2-4.0 

times (in scenario 2) to the current situation. In addition, the study proposed solutions to 

reduce odor pollution from the Dap Da landfill. 
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____________________________________________________________________ 

1. Introduction  

Odor pollution is one of the important environmental problems in domestic solid waste 

landfills (referred as landfills). Currently, air quality management in landfills is facing many 

difficulties, due to many reasons including waste classification and waste treatment 

techniques, etc. In recent times, there have been many concerns surrounding the odor 

pollution problem from the Dap Da landfill, Dong Thap province. If not thoroughly treated, 

the risks from odors will lead to air pollution, contribute to increase diseases and seriously 

affect people's health. Therefore, odor pollution control has become a key issue in the 

operation of current landfills. This study was conducted to assess the current status and level 

of odor pollution (through air pollutants NH3, H2S, and CH3SH) from the Dap Da landfill by 

using the TAPM-AERMOD model system, thereby proposing effective odor control 

solutions. Studies on odor pollution in landfills mainly focus on the following main 

directions: concentration monitoring, emission factors estimate, calculation of pollutants 
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emission load and simulation of pollutants concentration spread. In addition, there are other 

related studies such as assessing the impact of odor pollution from landfills on the health of 

surrounding residents, calculate greenhouse gas emissions, etc. 

The study [1] developed an average odor emission factor based on the results of odor 

concentration measurements sampled at 7 different municipal solid waste landfills in Italy, 

to evaluate and predict landfill odor emissions. The study [2] conducted a study on odor 

pollution at the Tianziling landfill, Hangzhou, China. Up to 68 different volatile gases were 

identified, of which NH3 and H2S were the dominant gases and contributed to 83.91-93.94% 

and 4.47-10.92%, respectively. In addition, there are some of similar studies assessing odor 

pollution [3ï6]. The study [7] compared methods for calculate odor emissions from landfills, 

including based on emission calculation models (LandGEM model), CH4 concentration 

measurements, or direct odor concentration measurements. Several other studies have used 

models to calculate pollution emissions from landfills [8ï11]. 

In Vietnam, research on odor pollution from landfills has not received much attention. 

Typically, in recent times, there have been the following studies: Research [12] has 

established emission factors for pollutants NH3, H2S, CH4 and CH3SH based on data of 

temperature, humidity, wind speed, atmospheric stability  and concentrations at active and 

inactive landfills. Research [13] estimated the emission load of gases from the Nam Binh 

Duong solid waste landfill using the LandGEM model. Research [14] aimed to calculate the 

emission of major odorous gases from domestic waste landfills based on the IPCC CH4 

emission model. This study has determined the coefficients on the decomposition rate and 

the N, S fraction involved in the formation of NH3, H2S and CH3SH. In addition, there are 

some other studies related to the calculation of greenhouse gas emissions (CH4) in landfills 

[15ï19]. 

Studies using models to assess the spread of odor pollution are quite diverse, but in general, 

some commonly used models are Gaussian models (ex. ISC3, AERMOD, ADMS), Lagrangian 

models (ex. CALPUFF, SCIPUFF), Euler models (ex. CMAQ, TAPOM, CALGRID). 

Research [20] evaluated the effectiveness of 2 models AERMOD and ISCST3 to simulate the 

spread of H2S from Kahrizak landfill, Iran. The research results showed that the AERMOD 

model was more effective than the ISCST3 model. Research [21] applied the LandGEM model 

to calculate the emission load and the AERMOD model to simulate the pollutants CH4, CO2 

and NMVOC from Shahrekord landfill, Iran. The study [22] simulated the diffusion of H2S 

and 22 volatile organic compounds (VOCs) from a landfill site (in Istanbul, Turky) to the 

nearest surrounding residential area by using the ISCST3 model. The study [23] evaluated the 

H2S emission from the Nakhon Si Thammarat landfill using the AERMOD model. The study 

[24] estimated the odor impact (of sulfur compounds) from the operation of a municipal solid 

waste landfill in Beijing, China, and used a Gausian dispersion model to simulate the spatial 

distribution of these concentrations. The study [25] calculated H2S emissions based on 

monitoring results and used the CALPUFF model to simulate the diffusion of H2S, evaluate 

the influence of wind direction, wind speed, area, and landfill height. Similarly, there is a study 

by [26] that used the CALPUFF model to assess the odor propagation to the vicinity of a landfill 

in the southwestern part of Poland. The study [27] performed CH4 emission calculations using 

the traditional IPCC method and the LandGEM model for the Sarimukti landfill (Bandung city, 

Indonesia). Then, the AERMOD model was used to simulate the CH4 spread assessment. In 

addition, there are  some of studies based on the simulation results of odor pollution spread to 

assess health risks [28ï30]. 

Studies simulating the odor spread of landfills in the country have not received much 

attention. Typically, research [14] conducted a study on odor spread from Da Phuoc landfill, 

simulating odor intensity based on simulating the concentration of odorants. Research [31] 

applied the ECOLAF-2014 model system to simulate NH3, H2S, CH3SH, CH4 for Da Phuoc 
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landfill. In addition, research [32] calculated CH4 emissions (using the LandGEM model) and 

used the EnLandFill model to simulate CH4 spread at Phuoc Hiep landfill.  

The above overview shows that there have been many studies using the AERMOD model 

for air quality simulation studies in general and for odor pollution spread simulation at landfills 

in particular. The above studies show that the AERMOD model has been applied to simulate 

odroants effectively, with high correlation values between simulation results and obserbed data. 

In addition, the combination of the TAPM-AERMOD model system to simulate odor pollution 

spread from landfills is still limited. However, this model system has been applied quite well 

in other fields, especially in typical industrial activities, some of the following studies: 

Simulation study of the spread of air pollutants from Giao Long Industrial Park, Ben Tre [33]; 

Simulation study of air pollution spread at Phu My 2 Industrial Park and Phu My 2 expansion, 

Ba Ria - Vung Tau province [34]; Research on simulate the spread of air pollution from steel 

factories in Phu My town area [35]; Application of TAPM-AERMOD model to simulate air 

pollutants from ports [36]; Assessment of the spread of air pollution from livestock activities 

[37], and some other studies. Therefore, in this study, the authors will choose the TAPM-

AERMOD model system to  carry out the study. 

2. Materials and Methods 

2.1. Study area 

The Dap Da landfill is built on a geological foundation of agricultural land with an area of 

25.04 hectares in My Tho commune, Cao Lanh district, Dong Thap province [5]. The 

construction site is located about 9 km southwest of the center of Cao Lanh district (Figure 1). 

The landfill is built with the following items: Waste treatment area (including 02 cells: The first 

cell 72,000 m3 (stopped operating in mid-May 2013); The second cell 70,000 m3 (operated in 

May 2013); The preliminary leachate treatment area includes 02 leachate pumping stations from 

the garbage cell to the wastewater reservoir with a flow rate of 20 m3/h; 03 leachate reservoirs; 

Equalization pond (receiving leachate then treating it with biological products and settling 

sediment); Stabilization pond (receiving leachate from the equalization pond, where the settling 

process takes place and continues to treat odors, disinfect wastewater before going to the 

biological pond); Biological pond (planting aquatic plants to receive and treat leachate from the 

stabilization pond); Septic sludge treatment and stabilization tank mainly treats septic tank feces. 

In addition, there is a green embankment surrounding the landfill with a length of about 2,500 

m. After being collected, household waste will be re-sorted into recyclable products sold to scrap 

collection facilities, the remaining waste will be treated for odors and insects, then leveled and 

compacted. When the cell is full according to the plan, the garbage will stop being dumped to 

treat chemicals, lime will be spread to stabilize the waste, and then soil will be covered on the 

surface of the cell. 

 

Figure 1. Location of Dap Da landfill. 
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2.2. Research content 

- Overview of research related to the topic to argue the necessity of implementing the 

topic, at the same time providing evidence as a scientific basis for selecting an effective odor 

spread simulation model from the landfill; Collecting data from the Dap Da landfill from the 

landfill management board, the Department of Natural Resources and Environment of Dong 

Thap province on meteorological characteristics, landfill characteristics of the Dap Da 

landfill; landfill technology diagram, design capacity, operating form and operating time; the 

volume of solid waste buried at the landfill from the time of operation to the time of the study.  

- Assessing the current status and calculating the amount of odor emissions from the Dap 

Da landfill: Using field survey methods for investigating, surveying the site, observing and 

saving images to collect general information, the actual situation to know the existing status, 

thereby assessing the current status of odor pollution of the Dap Da landfill; Inheriting the 

results of monitoring the concentration of some odorous substances (NH3, CH4, CH3SH) at 

the Dap Da landfill to assess the current status of odor pollution and simulate the odor spread 

of the Dap Da landfill; Collecting, processing data and selecting emission coefficients, 

calculating the emission of some odorous substances from the Dap Da landfill area as input 

data for the model.  

- Building a map of the concentration spread of some odorous substances from the Dap 

Da landfill. Meteorological simulation using the TAPM model: Collected global 

meteorological data; Established the TAPM meteorological model for the Dap Da landfill; 

Modeled the TAPM model for the study area; Calibrated and validated the TAPM 

meteorological model: Collecting local meteorological monitoring data to serve the 

calibration and verification of the meteorological model. Simulated the spread of odorants 

by using the AERMOD model: Establishing the AERMOD model for the Dap Da landfill; 

Calibrate and verify the results of simulation of the spread of some odorants in the study area; 

Simulate the spread of some odorants in the Dap Da landfill; Comment and evaluate the 

results of simulation of the spread of some odorants at the Dap Da landfill.  

- Propose solutions to reduce and control some odorants from the Dap Da landfill: Based 

on the simulation results, propose solutions to control some odorants from the Dap Da 

landfill. 

2.3. Methodology 

2.3.1. Methods of data and information collection 

This method collects, analyzes and synthesizes sources of documents, materials, data, 

and available documents from documents, reports from Departments, Boards, Sectors and 

landfill management boards and inherits research results from previous studies as input data 

sources for the topic. The collected data are as follows: Documents related to the topic; 

Emission status data in the research area from the Department of Natural Resources and 

Environment of Dong Thap province, Department of Natural Resources and Environment 

Cao Lanh district,; Types of maps and images related to the topic; Meteorological data in the 

research area; Selecting emission coefficients to calculate odor emissions from the Dap Da 

landfill; Collecting studies related to the topic from within and outside the country. The data 

collection method is used to synthesize all secondary data to serve the processes of analyzing 

the current situation and simulating odor spread of the landfill. 

2.3.2. Field investigation and survey methods 

The method of investigation and field survey aims to help understand the actual situation, 

to know the existing shortcomings and difficulties in the management of odor pollution at 

the Dap Da landfill. Field survey of the actual status of odor sources, actual operating 

capacity, total amount of buried waste, landfill area, information on the technological chain 
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and landfill operation efficiency. The information to be investigated includes: total area, 

buried area, open area when buried, remaining area (not used), leachate reservoir area, 

biological pond area, average amount of buried waste, amount of generated leachate, 

treatment measures, etc. At the same time, through the actual survey, representative 

monitoring locations are selected to serve the assessment of the current status of odor 

pollution in the landfill area and to serve the verification of simulation results of the spread 

of odor-causing substances. The monitoring locations and coordinates of the monitoring 

points are as shown in Figure 2 and Table 1. Monitoring parameters are NH3, H2S, CH3SH; 

Sampling phase 1 (in dry season) on April 22-23, 2022 and phase 2 (in rainy season) on 

September 16-17, 2022. 
 

 

Table 1. Coordinates of monitoring location. 

VT1 VT2 

10°28ô31.72òN 

105°43ô15.38òE 

10°28ô41.95òN 

105°43ô10.67òE 

VT3 VT4 

10°28ô29.70òN 

105°43ô0.60òE 

10°28ô23.53òN 

105°43ô8.55òE 
 

Figure 2. Sampling location diagram. 
 

Table 2. Allowable limits and odor thresholds of air pollutants. 

No. Parameter Unit  QCVN 05:2023/BTNMT Odor threshold [38] 

1 H2S µg/m3 42 0.7 

2 NH3 µg/m3 200 26.6 

3 CH3SH µg/m3 50 0.04 

2.3.3. Method of calculating odor emission 

From the emission coefficient per unit surface area of the surface source, the emission 

load of surface source pollutants can be calculated to assess the impact of ambient air 

pollution from surface sources according to the formula: 

Q S 1000
M

3600

³ ³
=                                                     (1) 

where M is the emission load (g/s); Q is the pollution emission coefficient (mg/m2.h); S 

is the surface source area (m2). Odor emission coefficient applied for the study is in Table 3. 

Table 3. The odor emission factor from landfill (g/m2.s). 

Type of landfill  H2S NH3 CH3SH Source 

Active 16,08 × 10-6 14,93 × 10-6 2,43 × 10-6 
[31] 

Inactive 1,68 × 10-6 6,70 × 10-6 0,73 × 10-6 

2.3.4. Modeling method 

- The TAPM (The Air Pollution Model) is a model of the Australian Commonwealth 

Scientific and Industrial Research Organization (CSIRO), used to simulate meteorological 

conditions and air pollution concentrations in 3D. Therefore, the model can be used as a 

meteorological support tool for air pollutant dispersion models, especially the input 

meteorological file for the AERMOD model. This function has also been improved for the 

TAPM V4 version when integrating the surface meteorological file format and altitude 

meteorological file for AERMOD. Meteorological conditions are used in the form of an 
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Eulerian model with functions for calculating wind, temperature, pressure, etc. and calculating 

atmospheric stability. With the second function, air pollution simulation is modeled according 

to the Lagrangian granular model, which can be applied to many types of sources, etc. taking 

into account the conditions of photochemical reactions, dry and wet sedimentation, 

gravitational sedimentation, etc. The model proves its advantage over Gaussian models and the 

function of calculating air pollution simulation when chemical reactions occur, giving more 

accurate results. The TAPM model simulates detailed meteorology using nested grids. In this 

study, the number of simulation domains is chosen to be 5 in order from large to small and this 

number of domains ensures detailed simulation size for the study area (Figure 3): The size of 

domain 1 is shown in the main interface with 25×25 grid cells (grid size is 30 km × 30 km); 

Domain 2 is shown in the interface with 25×25 grid cells with grid size is 10 km × 10 km; 

Domain 3 is shown in the interface with 25×25 grid cells with a grid size of 3 km × 3 km; 

Domain 4 is shown in the interface with 25×25 grid cells with a grid size of 1 km × 1 km; 

Domain 5 is shown in the interface with 25×25 grid cells with a grid size of 0.3 km × 0.3 km. 

The number of grid cells according to the elevation is nz = 25 selected, meaning that there will 

be 25 vertical grid cells in the elevation range from 10 m to 8 km. 

Input of TAPM meteorological model: 

Global meteorological observation data, 

information about the simulation area (such 

as coordinates, location, terrain). TAPM 

model outputs meteorological data files as 

input data for AERMOD model. To simulate 

the meteorology for the study area, it is 

necessary to select appropriate boundary 

conditions for the study area such as: The 

selected central coordinates UTM are 48P 

579784.00 and 1158153.00; Simulation 

period for the whole year 2022. 
 

     Figure 3. Meteorological simulation domains. 

- AERMOD model (Figure 4): The AMS/EPA Regulatory Model (AERMOD), consists 

of three components: AERMOD (AERMIC Dispersion Model); AERMAP (AERMOD 

Topographic Tool) and AERMET (AERMOD Meteorological Tool). The AERMOD model 

was developed by the US National Weather Service and the Environmental Protection 

Agency. The AERMOD model includes a range of options for simulating air quality impacts 

from emission sources, building popular options for many applications. AERMET processes 

surface and inter-layer meteorological data, allowing the calculation of atmospheric 

parameters according to the Monin-Obukhov model. AERMAP integrates models that take 

into account topography. AERMET incorporates data from WebGIS to generate topographic 

files for the model. From the above data, AERMOD will produce simulation results in the 

form of 2D and 3D spatial images and export them via Google Earth to help users easily see 

the impacts of emissions on the study area. The grid resolution and study area are 50 km × 

50 km. With the number of grid cells being 100 grid cells x 100 grid cells, the size of a grid 

cell is 0.5 km × 0.5 km. To implement the AERMOD model, we need to prepare input data 

for the model. 

Meteorological data: To obtain the default meteorological files to run the AERMOD 

software, two types of data need to be collected, ñSurface dataò and ñUpper air dataò. In this 

study, the TAPM model is used to extract ñSurface dataò and ñUpper air dataò as input data 

for AERMOD.  

Emission source data: Emission source data for AERMOD includes the following data: 

Area coordinates; Elevation of the study area above sea level; Source height; Emission load; 

Width and length of the area. The area source is the main source mentioned in calculating the 

emission of some odorants from the landfill.  
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Figure 4. Simulation steps according to the AERMOD model. 

Terrain data: AERMOD terrain data is processed using the AERMAP module. 

- Calibration and verification: Statistical indicators used to evaluate the accuracy of the 

model include: Simulation error S (%); R coefficient to evaluate the correlation between 

simulated and observed values; root mean square error  (RMSE), mean absolute percentage 

error (MAPE), etc. If the S value Ò 15% and the R value Ó 0.6, the simulation results are 

close to actual conditions. Using meteorological monitoring data from the Cao Lanh 

automatic air monitoring station (at 262 Ton Duc Thang, My Phu Ward, Cao Lanh City, 

Dong Thap Province; Coordinates: 10°28ô16.91ò; 105°38ô41.99ò) to validate the TAPM 

model; And using monitoring data at the landfill on April 22 & 23, 2022 (in dry season); 

September 16-17, 2022 (in rainy season) to validate the AERMOD model. 

3. Results and discussion 

3.1. Current status of odor pollution at Dap Da landfill 

In the dry season (Figure 5), the highest average 1-hour concentration of NH3 at VT1 

exceeded the threshold by 1.3 times; the highest average 1-hour concentration of H2S exceeded 

the threshold by 1.9 times compared to QCVN 05:2023/BTNMT; The average 1-hour 

concentration of CH3SH at locations VT1, VT2, VT3, VT4 all met QCVN 05:2023/BTNMT. 

In addition, the average 1-hour concentration of some odorants at VT1 was the location causing 

the greatest odor pollution, while all survey parameters at VT2, VT3, VT4 met QCVN 05:2023/ 

BTNMT; In the rainy season (Figure 6), the highest average 1-hour concentration of NH3 at 

VT1 exceeded the threshold by 1.2 times; the highest average 1-hour concentration of H2S 

exceeded the threshold by 1.9 times compared to QCVN 05:2023/BTNMT; The average 1-

hour concentration of CH3SH at all locations meets QCVN 05:2023/BTNMT. The average 1-

hour concentrations of NH3, H2S, CH3SH at VT2, VT3, VT4 all meet QCVN 

05:2023/BTNMT. Although there are still some times at the monitoring locations, the average 

1-hour concentrations of NH3, H2S, CH3SH do not exceed the standard, but exceed the odor 

recognition threshold. This is the reason why when monitoring, although the average 1-hour 

concentration of some odorants does not exceed the QCVN 05:2023/BTNMT, people around 

the landfill area feel an unpleasant stench. 

 

Figure 5. Concentration of NH3, H2S, and CH3SH at VT1, VT2, VT3 & VT4 in dry season. 


