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Hydrogen sulphide (H2S) is a well-known environmental pollutant from the industrial sector due to its unpleasant 
odour and high toxicity. It can post health threat at a low threshold exposure limit, with concentration as low as 
0.01-1.5 ppm. In the pulp and paper mills, a significant amount of total reduced sulphur (TRS) is generated 
during the pulping and bleaching process. The TRS contains various pollutants such hydrogen sulphide (H2S), 
methyl mercaptan and dimethyl. For recycled paper mills, since the collected papers did not undergo the pulping 
and bleaching processes, the pollutant produced is mainly H2S. Due to its high toxicity and low threshold limit, 
early H2S detection and understanding its air dispersion pattern are important to reduce the potential health risk 
imposed by H2S to the local workers and residence of the surrounding areas. However, the commonly used 
odour unit might not be sufficient to represent the specific concentration of H2S. There has also been limited 
studies on the H2S dispersion modelling in Malaysia. Thus, in this study, a H2S dispersion modelling was 
performed at a recycled paper mill in Malaysia, with H2S concentration (μg/m3) as the odour indicator, to 
understand the changes in H2S concentration at different distances from source and identify potential health 
risk. Firstly, air samples were collected and analysed to identify the emission hotspots. The American 
Meteorological Society/Environmental Protection Agency Regulatory Model (AERMOD) was then used to 
determine the dispersion pattern of H2S and its concentration across the surrounding air. Wind data for 2 y was 
recorded and input for the modelling. Both the gas sampling study and dispersion modelling showed that the 
concentration of H2S was below the threshold limit at a distance of 50 m from the emission source, which was 
the effluent sludge holding tank. It is unlikely that the H2S emission from the recycled paper mill would lead to 
odour or health complaints to the surroundings.  

1. Introduction 
Odour emission is defined as mixtures of various chemicals that interact to produce what human detect as smell 
(UK Institute of Air Quality Management, 2018). The factors that affect the perception of annoyance or nuisance 
of smell are the frequency of odour occurrence, duration of exposure to odour, odour offensiveness and 
receptor’s expectation and tolerance (Greenberg et al., 2013). Odour emission can be an important source of 
environmental nuisance. Unpleasant odour not only affect public amenity and the community’s life quality, but 
also attract insects, rodents and birds (Scaglia et al., 2011). 
Industrial wastewater treatment plant can be a significant source of odour. Some common pollutants are 
ammonia (NH3) and hydrogen sulphide (H2S). The former is produced from the decomposition of protein and 
the latter is released during the anaerobic decomposition of sulphur-containing proteins (Lewkowska et al., 
2016). One of the industries with such concern is the pulp and paper manufacturing. The pulping of wood and 
bleaching processes produces a significant amount of total reduced sulphur (TRS) (Cartelle et al., 2016), which 
includes pollutants such as hydrogen sulphide (H2S), methyl mercaptan, dimethyl sulphide, and dimethyl 
disulphide. Compared to kraft paper mills, recycled paper mills do not have pulping of wood and bleaching 
process. The main pollutant is thus H2S, which comes from the effluent treatment plant. Odour threshold limit 
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for H2S can be at concentration as low as 0.01-1.5 ppm (10 – 1,500 μg/m3) , with recommended exposure limit 
(NIOSH) at 10 ppm, up to 10 min (OSHA, 2022). Due to the potential health hazard of H2S at lower 
concentration, it is thus important for its early detection with high accuracy and understanding its dispersion 
pattern across the surrounding air.  
The assessment of odour concentration is important for odour control operations and to minimize its negative 
impact to the nearby life quality. Odour is generally measured with human nose as detector. This method can 
be direct and with ease of implementation, but it does not directly indicate the odour level, i.e. the H2S 
concentration. In current standard of procedure, odour assessment uses the Odour Unit (OU) to indicate the 
intensity of odours. Based on European standard, 1 OUE is the amount of odourant(s) evaporated into 1m3 of 
neutral gas. Odour assessment often just reports the ground level OU without further validation on field. On the 
other hand, odourants such as H2S can spread over very large distances, which its concentration could be 
diluted below their olfactory detectability thresholds.  
Dispersion modeling can effectively be used to predict the dispersion of odours by using suitable odour emission 
data and to present a link with odour complaints. Secondly, it is useful to estimate the maximum odour emissions 
that is allowed from a location, thus reducing odour complaints. One of such models is the American 
Meteorological Society/Environmental Protection Agency Regulatory Model (AERMOD) dispersion model. 
Dinçer et al. (2020) performed dispersion modelling and air quality measurements, focusing on H2S and NH3 as 
the two main odorous compounds from wastewater treatment plants, using AERMOD. The model showed that 
odour concentrations exceeding 10 OU/m3 levels that can be measured olfactometrically do not create an odour 
impact on local residents but suggested that odour treatments are required due to the odour concentrations of 
waste treatment plant units above the limit values. Moreno-Silva et al. (2020) also estimated the H2S emission 
rates from a reservoir where AERMOD model was used to identify the contribution of the reservoir on H2S 
concentration in urban area. The results showed the applicability of using AERMOD model and flux chamber 
measurements in predicting H2S behaviour.  
Malaysia pulp and paper chemicals demand was at 0.15 Mt in 2020, with a growing rate of 3.92 % till 2030 
(ChemAnalyst, 2021).  Based on the authors’ literature review, the reports of H2S odour are in OU and rarely 
been represented on its own. There is a need of more insight on the H2S dispersion behaviour in the air in order 
to minimize potential health impacts and improve the odour management at site. This study focuses on the case 
study of a recycled paper mill located in Malaysia with daily 800 t paper recycled. Firstly, an on-site air sampling 
and H2S measurement were carried out. Next, the AERMOD was used for the modelling of odour dispersion. In 
this study, an improved procedure is proposed where air dispersion modelling is conducted in concentration of 
H2S (m3/s) instead of OU/s. Upon obtaining the simulated ground level concentration result using Gaussian 
Plume Model, the result is then compared with the concentration of an air sample collected from the emission 
source for validation.  

2. Methods 
2.1 On-site odour signature gas (H2S) monitoring  

H2S monitoring was conducted to monitor the H2S dispersion from the odour source. Odour source identification 
was done to identify the emission hotspots, include outthrow storage area, equalisation tank (incoming effluent 
area) and primary effluent sludge bolding tank. The primary effluent sludge holding tank was found to give the 
most significant odour among all units. To reduce the odours, tank cover and neutraliser were applied. The H2S 
dispersion was then measured by sampling the H2S from the primary sludge holding tank, followed by 20 m and 
50 m downwind from the sources. The measurement was conducted in accordance to the Method 701: 
Determination of Hydrogen Sulfide in Air, Methods of Air Sampling and Analysis 3rd Edition (Lodge, 1988). 

2.2 Odour dispersion modelling 

AERMOD was used for the modelling of odour dispersion. According to US EPA (2022), to perform the odour 
dispersion modelling using AERMOD, following data input are required: upper air and hourly surface 
meteorological data, terrain and building input (surface characteristics describing the land use surrounding the 
site and the layout of the nearby buildings (Figure 1)) and define receptor locations (data input not provided as 
it is confidential). The chemical compound modelled was H2S as the odour indicator. The H2S emission rate 
with and without the neutraliser spraying were calculated. The modelling was conducted within 3 km radius with 
higher resolution, i.e. receptor spacing of 25 m × 25 m. The humidity recorded from the area were 82 -86 %. 
Wind data such as wind direction and wind speed were recorded from 1/1/2018 to 31/12/2020. Figure 1 shows 
the observations for the wind speed and wind direction over a 2-y period. 
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Figure 1: Wind data collected for 2 y around the recycled paper mill 

The input data for the modelling is as follows: 
A. Odour sources (primary effluent sludge holding tank 1 and 2) 

Primary effluent sludge holding tank 1 
Tank gab : 11 m × 0.4 m = 4.4 m2 
Height from ground : 3.5 m 
Coordinates : Confidential 

Primary effluent sludge holding tank 2 
Tank gab : 24 m × 0.4 m = 9.6 m2 
Height from ground : 5.5 m 
Coordinates : Confidential 

B. Surrounding buildings 
Several tall buildings exist on the south west area from the primary effluent sludge holding tanks. In 
addition, holding tank 1 is located between two clarifier (Building 3 and 4) that is taller than the holding 
tank. Figure 2 shows the Building Modelled in AERMOD with the location of the odour sources and the 
specifications of the surrounding building, with the red cross marks represent the holding tanks.  
 

  

Figure 2: Building input in AERMOD with the location of the odour sources and the specification of the 
surrounding buildings. 
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3. Results and discussions 
3.1 On-site odour signature gas (H2S) monitoring 

The H2S concentration sampled at three different distances from the emission source is presented in Table 1. 
The use of neutraliser showed more promising effect in reducing the H2S concentration at source, with 17 % 
reduction. At a distance of 20 m from source, the effect of neutraliser was halved. At a distance of 50 m from 
source, the effect of neutraliser was negligible. This might pose some health threats for workers on site due to 
the health hazard of H2S at low concentration and under long-term exposure. The hazard concentration of H2S 
has been reported to be 696,000 µg·m-3 – death after 30 min (by OSHA) and as low as 0.2 µg·m-3 (by WHO). 
As presented by Tong et al. (2017), H2S was considered as one of the most serious gaseous pollutant from 
paper and pulp mills in China. All the detected H2S data on the 30 sampling sites from 5 different mills were 
exceed the emission standard of 60 µg·m-3 by Chinese government. For the neighbouring community, the 
nearest human sensitive receptor was approximately 350 m away from the odour source. Thus, the impact of 
the odour to the human sensitive receptors outside of the plant is considered to be not significant.  

Table 1: Concentration of H2S at primary effluent sludge holding tank and 20 and 50 m downwind from the 
tank. 

Distance from source (m) Concentration of H2S (µg/m3) 
With neutraliser spraying Without neutraliser spraying 

0 (at source) 514.63 622.35 
20 4.43 11.68 
50 0.00 0.01 

3.2 Odour dispersion modelling 

The following two figures show the modelling result from AERMOD model on H2S dispersion pattern with 
neutraliser spraying after 1 h and 24 h of exposure. Figure 3 gives the dispersion pattern at a closer view (up to 
500 m) while Figure 4 is at a broader view (up to 1,200 m).  

 

Figure 3: (a) 1 h and (b) 24 h average ground level concentration of H2S (closer view) 
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Figure 4: (a) 1 h and (b) 24 h average ground level concentration of H2S (farer view) 

The H2S emission rates calculated from the primary effluent sludge holding tank 1 and 2 using the AERMOD 
were 5.867 × 10-6 and 7.153 × 10-6 g·s-1m-2 with neutraliser and 7.831 × 10-6 and 9.547 × 10-6 g·s-1m-2 without 
neutraliser. The modelling result showed agreement with the analytical result from on-site sampling. For 24 h 
average, the H2S concentration was insignificant at a distance of greater than 50 m from the emission source. 
Similar to the previous section, the modelling result showed that, the concentration of H2S, with neutralizer 
spraying, was below the odour threshold limit at 50 m. It is unlikely that the H2S emission from the plant would 
lead to odour complaint or health risk to the surroundings. When Aerial Locations of Hazardous Atmospheres 
(ALOHA) model is used to estimate the release and dispersion of CH4 and H2S, Nair et. al (2019) observed that 
the dispersion of H2S is not significantly sensitive to the changes of humidity and ambient temperature but 
sensitive to the turbulence related parameters such as wind speed.  
In most of the time, the wind was coming from the north-east direction, with a moderate wind speed of 5.7 - 8.80 
m/s. The wind speed surrounding the plant area was at lower speed, mostly under 3.60 m/s. The average wind 
speed was 2.32 m/s. A few studies have shown that microclimates condition might affect the modelling results. 
Moreno-Silva et al. (2020) found that wind direction significantly affected the H2S concentration and dispersion 
pattern from a water reservoir, especially under critical wind conditions. Silva Neto and Freitas (2016) also found 
that the plume of H2S concentration could exceed the limits of industry and lead to population’s nuisance at 
certain weather conditions. However, based on the long-term monitoring on the wind data and H2S concentration 
during dispersion, it is unlikely to lead to odour nuisance to the surroundings. Future modelling study can 
consider focusing on the stimulation of other specific targeted components leading to odour nuisance, such as 
NH3. 

4. Conclusions 
This study showed the use of AESPOD for modelling the H2S dispersion pattern from a recycled paper mill in 
Malaysia. The study also investigated the effect of neutraliser spraying through lab testing and explored the 
effect of distance and exposure time on H2S concentration and dispersion around the area using AERMOD. It 
was showed that the effect of neutraliser spraying in treating H2S decreased along with increasing distance from 
the emission source. At a distance of 50 m from emission source, negligible effect was found between samples 
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treated with and without neutraliser spraying. Diving further into the effect of 1 h and 24 h average ground level 
concentration of H2S, with neutraliser spraying, the model showed agreement with lab data. It is expected that 
the H2S emission from the plant is insignificant and displays low health hazard potential to the nearby living 
community. This practice of modelling the H2S directly is also more conclusive showing the impact of H2S to the 
surrounding and would allow for easy comparison with thresholds and standards. It is recommended that future 
odour studies should simulate the specific component responsible for the odour. 
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