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Abstract
Background: The Air dispersion models are widely used to evaluate and predict the pollutants emissions from air
pollution sources such as incinerators. This study attempts to predict the heavy metal pollutants dispersion emitted by
an incineration plant impacting its surrounding area.
Methods: Several scenarios of emission rates coupled with the meteorological conditions were investigated using the
AERMOD dispersion model.
Results: The maximum ground level concentration (GLC) of pollutants was within their respective air quality guidelines concentration and fall within the distance of 0.5 km from the stack.
Conclusion: The pollutant concentration decreases with distances from the incineration plant, which does not seem
to contribute a significant human exposure problem to the residence living more than 1.5 km away.
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Introduction

A

There are different methods for the disposal of
industrial wastes; incineration is one of the available options. Although this method of treatment
reduces the volume of solid wastes significantly
and possibly with thermal energy recovery, it is
susceptible to emit toxic emissions (1). Among
different emissions caused by incineration, heavy
metals are of most concern in air pollution matters (2). The identification of heavy metals level
emitted from incinerators has been investigated in
several studies (3- 5). The high levels of exposure
to heavy metals emissions such as Pb, Cd, As and
Hg from this process are important due to their
negative health and environmental effects (6, 7).
25

The World Health Organization (WHO) International Agency for Research on Cancer has considered the carcinogenic effects of As, Cr and Cd (8,
9) and the neurotoxicity effects of lead and mercury. Thus, regulations imposed on industrial
emissions are necessary in human and environmental health protection. Fortunately, air dispersion models are available to assess and evaluate
the impact of these industrial sources into the surrounding environment. Studies have shown that
air pollution dispersion models are accurate and
suitable in forecasting pollutant dispersion and
managing urban air quality (10, 11).
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The application of different atmospheric dispersion
models for example SCREEN, ISC and AERMOD
in different situations has been addressed in the variety of literatures (12- 17). Patel and Kumar compared SCREEN and ISC dispersion models for
mercury releases and concluded that ISC predicts
emission dispersion better than SCREEN while
SCREEN presents a more conservative result in
considering the worst scenario (12).
The simulation of hydrogen cyanide concentrations
have been analysed in the ambient air during gold
extraction from ores by running ISCST3 and AERMOD dispersion models under rural and complex
train options. The authors found that the predicted
concentrations with ISCST3 exceed the measured
concentration by an average factor of 2.4, while
AERMOD predicted a lower value with an average
factor of 0.76. Although the leach field is located in a
rural area, the sensitivity assessment of the models
based on both rural and urban options showed that
the concentrations predicted were more precise with
urban option. The results also showed that AERMOD model is more efficient in handling complex
terrain compared to ISCST3 and setting the ISCST3
with urban option whereas reduces its shortcoming
in complex terrain conditions (18). Polychlorinated
dibenzo-p-dioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) behaviour emitting from a
steel plant in northwest was investigated in Italy using AERMOD. The authors found that the predicted concentrations of pollutants from the steel plant
were lower than the measured concentration in the
monitoring station, indicating some other air pollution sources that contribute to the measured concentrations in the area (17). The aim of this study
was to evaluate the impact of heavy metals emission
for example Pb, As, Cd, and Hg from an incineration plant using the AERMOD dispersion model.
The emission inputs were based on the actual and
standard emission limits imposed for such a facility.

industrial waste in the most environmentally friendly
manner. The plant is designed and built on the principles of its ability to treat a wide variety of wastes,
lower down time, operation and maintenance cost.
The plant is equipped with a unit of fabric filter
along with lime and activated carbon injection as the
flue gas cleaning agent and a wet scrubber system.
The plant is divided into four main sections including the feeding system, combustion, heat reduction
and recovery unit and the air pollution control system as depicted in Fig. 1.
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The Emission Concentration
Table 1 presents the emission concentration limits
of selected pollutants imposed by the Department
of Environment (DOE) on the plant, which was
also used as the source input in the dispersion
modelling exercise.
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Materials and Methods
Location and Description of the Incineration
Plant

An incineration plant is a solution to many developing countries for an incineration facility deals with
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Table 1: Emission limits of metal concentration imposed on incineration plant

Pollutant
As
Cd
Pb
Hg

Limits, mg/Nm3@corrected to 11%
oxygen
0.5
0.2
1.4
0.2

Table 2 presents the average concentration, standard
deviation and range of pollutant concentration emissions reported from the plant. Selected pollutants
concentrations including As, Cd, Pb and Hg were
considered in this study. On average, the concentration of As, Cd, Pb and Hg was 1%, 2%, 3%
and 7% of their limits, respectively. The impact or
contribution if any, of these metals pollutants onto
the surrounding ambient air quality in the area was
assessed and reported in this paper.

Atmospheric dispersion modeling

Air dispersion models are widely used in air pollution study to assess and evaluate the probable impact from industrial sources. AERMOD, promulgated by the U.S. EPA, was developed as a new air
quality model in 1991 to replace the thus popular
model, Industrial Source Complex (ISC) model.
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Fig. 1: The schematic process flow diagram of the incinerator plant
Table 2: Emission concentration of pollutant reported from the plant
Pollutants
Mean
Std Deviation
As
0.00392
0.00530
Cd
0.00391
0.00529
Pb
0.03667
0.00403
Hg
0.01368
0.01580
Note: Concentration is in mg/Nm3 corrected to 11% O2.

The AMS/EPA Regulatory Model (AERMOD) is
a collaborative between the U.S. Environmental
Protection Agency (EPA) and the American Meteorological Society (AMS). AERMOD is a
steady-state plume dispersion model, which assumes a constant of meteorological parameters
over time (for example one hour). The model can
assess the pollutant concentrations from a variety
of sources and considers the dispersion of pollutants from stationary sources for a short-range (up
to 50 km).
AERMOD is based on the assumption of a planetary boundary layer (PBL) which is the closest part
of the atmosphere to the ground where ground
friction exists. However, its thickness may vary
between 100 m at night to 3 km during daytime.
AERMOD uses the Gaussian probability density
function in both the vertical and horizontal distribution in the stable condition and also in the horizontal distribution of convection condition, while
the model assumes a bi-Gaussian probability density function in a vertical distribution.
The modeling system of AERMOD contains an
air dispersion model processor, a meteorological
data pre-processor called AERMET, and a terrain
data pre-processor called AERMAP. The AERMET meteorological pre-processor program provides the meteorological data as the basic input

A

27

S
f

D
I

Max
0.00922
0.00920
0.07694
0.02948

data in AERMOD. AERMET presents two types
of meteorological data files consisting of surface
scalar parameters and vertical profiles of meteorological data. AERMAP facilitates the generation of
hill heights scales for AERMOD (19).
In this study, the AERMOD model was initialized
to predict the air quality surrounding the incineration plant. The source parameters used as input in
AERMOD model were as the followings:
-Stack inside diameter: 1.3 m
-Release height or stack height: 60 m
- Gas exit temperature: 160ºC
-Gas exit velocity: 18 m/s
The meteorological variables such as atmosphere
temperature, wind speed, wind direction, humidity
rate and dew point temperature were obtained
from the recorded data in KLIA meteorological
monitoring station in 2010, which is the nearest
station to incineration plant. The cloud cover, ceiling height and precipitation amount were available
for the meteorological station for July 2010 and
were imported to the AERMET pre-processor to
estimate secondary meteorological parameters,
such as the mechanical and convective mixing
height. The terrain surrounding the plant is considered flat. Thus, it is expected that the concentrations are not affected by the region’s topography characterized by a large flat area due to the
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Min
0.00138
0.00138
0.00361
0.00212
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gentle slopes and hence AERMAP was not applied for the modeling exercise.
Besides, AERMOD requires near-surface parameters for example surface Albedo, Bowen ratio and
surface roughness length during the day selected
for specific season and landuse surrounded the
area, which was set to 0.16, 1.00, and 1.00, respectively.

Results
Table 3 presents the predicted maximum GLC of
pollutants estimate for specified AERMOD averaging times for example 1h, 3h, 8h and 24h based
on the actual emission rates, compared to the recommended ambient air quality guidelines established by the DOE or elsewhere in the world. The
results demonstrate that the contribution from the
plant was significantly low with respect to the recommended ambient limits. The 1h, 3h and 8h
predicted GLC for Pb as an example is shown in
Fig. 2, while its 24 h GLC is zero around the area.
The predicted GLC of pollutants are likely to be
higher in the north part of the plant across all av-

eraging periods in accordance with the prevailing
wind direction as presented in the wind rose of
the KLIA station in Fig. 3.
Fig. 4 presents the isoplets of predicted 1h GLC
of heavy metals for example Pb and Hg emission
from the incineration plant, where they exhibit a
similar dispersion patterns of pollutants with
downwind distance. The 1h GLC of heavy metals
for example As and Cd were predicted to be zero.
The ground level concentration of different pollutants was predicted up to 8 km around the incinerator. The ground level concentration of pollutants was found to fall within the distance of 0.5
km from the stack while are significantly low further away from this distance.
However, to simulate the worst scenario, emission
rates based on the limits imposed (as presented in
Table 1) on the plant was used instead in the
modeling exercise and the results are presented in
Table 4 which showed that the predicted 1h maximum GLCs for all the pollutants were still significantly low compared to the ambient air quality
guidelines.
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Table 3: AERMOD predicted maximum GLC of heavy metals over averaging times of interest
Pollutant
(ug/m3)
Pb
As
Cd
Hg

1h

c
r

0.00004
0
0
0.00001

A

3h

8h

24 h

0.00002
0
0
0.00001

0.00001
0
0
0

0
0
0
0

Ambient air quality
guidelines
1.5
0.3
2
2

Table 4: Predicted pollutant maximum GLC based on emission limits imposed on incineration plant compared to
the ambient air quality guidelines
Pollutant
1 h Maximum GLC based on limits imposed on plant
(ug/m3)
Pb
0.001 (0.1 %)
As
0.0019 (0.19 %)
Cd
0.00012 (0.012 %)
Hg
0.00012 (0.012 %)
(%) = percent of the ambient air quality guidelines
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Ambient air quality
guidelines
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0.3
2
2
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Fig. 2: The dispersion patterns of 1h, 3h and 8h GLC of Pb near the incinerator based on reported emission rates
(from left to right)

29

www.SID.ir

Available at: http://ijph.tums.ac.ir

Afzali et al.: Evaluating Human Exposure to Emission from Incineration Plant …

D
I

S
f

Fig. 3: Wind rose diagram of KLIA meteorological station
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Fig. 4: The dispersion patterns of 1h GLC of Pb and Hg near the incinerator based on reported emission rates
(from left to right)

Discussion
This study presents the predicted maximum GLC
of heavy metals for example Pb, As, Cd and Hg
Available at:
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based on the actual emission rate as well as the
emissions imposed on the incineration plant. As
presented in table 3, the comparison of recommended ambient air quality guidelines with the
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maximum GLC of pollutants in different time
scales for example 1h, 3h, 8h and 24h demonstrated that the contribution from the plant was
significantly low with respect to the recommended
ambient limits. None of the predicted maximum
GLCs of the pollutants exceed more that 0.003%
and 0.2% of their respective limits when the modeling exercise is performed based on the actual
emission rates and emission limits. In a study by
Morra et al. the human health risk from exposure
to air pollutants from some sources of pollution
for example a municipal solid waste incinerator
and landfill was assessed. The authors showed that
the impact of pollution sources on humans and
environment was acceptable (20).
As presented in Fig. 2 and 4, the dispersion patterns of pollutants show higher concentrations in
the north and northwest direction of the area in
accordance with the prevailing wind direction. In
fact, the wind rose in Fig. 3 presents the prevailing
wind direction from the south and south east
which carries the pollution downwind into the
north quadrant. Similarly, Zou et al. in their study
of predicting SO2 pollutants using AERMOD in
an urban area presented that the increase in the
exposure concentration is affected by the predominant wind direction (21). Orloff et al. investigated
the concentration of hydrogen cyanide in ambient
air near a gold heap leach field in some sample
locations where one of them was located in the
upwind and the others in the downwind of the
predominant wind. The authors found a very low
(essentially zero) ambient air cyanide concentrations at the predominantly upwind monitoring
station (18).
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A higher concentration of pollutants is usually observed vicinity a plant for example within a distance of 0.5 km from the stack which would present a significant impact on the ambient air quality
in the industrial or nearby area. The finding suggests that the existing air quality level surrounding
the plant will not be significantly influenced by the
emission from the plant, even though its emission
concentrations were predicted based on the maximum allowable emission limits. Evidently, based
on the results of the simulation, the impact of the
emission from the plant assuming maximum allowable emission limits do not seem to present
any significant deterioration on the level of air
quality surrounding the plant. Seangkiatiyuth et al.
applied the AERMOD modeling system for environmental impact assessment of NO2 emissions
from a cement complex in Thailand and found
that the peak value of NO2 concentrations occurred nearby the pollution sources for example
within the distances of 1 to 5 km from the cement
complex compared to the farther distances (22).
On the other hand, the onsite ambient air quality
data were gathered based on the existing six monitoring stations, three stations located 100 m radius
within the boundary of the hazardous waste complex, while another three are located within 1.5 km
away outside the boundary of the complex (Table
5). The data reported to two decimal places with
most of the elements had been found to be undetectable for example below the detection limits,
except for Pb. The ambient air concentration vicinity the plant is far below the recommended air
quality guidelines, thus its impact is remote.

Table 5: Ambient air quality on site measurement near the incinerator compared with the ambient air
quality guidelines
Pollutant
Ambient air quality on site measurement*
(ug/m3)
Pb
0.04
As
<0.01
Cd
<0.01
Hg
<0.01
* Source: Detail Environmental Impact Assessment, 2011 (23)
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Ambient air quality
guidelines
1.5
0.3
2
2
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Conclusions

2.

AERMOD air dispersion model was used to predict the ground level concentration (GLC) of
heavy metals emission from an incineration plant.
The findings indicate that the predicted GLC of
the selected metal pollutants were significantly low
compared to the recommended ambient air quality guidelines. Thus, the probably impact due to
the emission from the incineration plant onto the
environment seemed remote. Furthermore, the
predicted 1h maximum GLC considering using
emission rates based on the limits imposed on the
plant in the modeling exercise was still significantly low compared to the ambient air quality
guidelines. Therefore, considering the worst scenario, the existing air quality level surrounding the
plant is not significantly influenced by the emission from the plant, even though its emission concentrations were at the maximum allowable emission limits.
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