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industrial emissions and massive vehicles in Ciwandan District
cause ambient air quality in Ciwandan District to worsen.
Based on Ciwandan Public Health Centre data, 10 (ten) major
diseases of during the last eight years (2011 to 2018), the most
types of diseases suffered by the community in Ciwandan
District are acute respiratory infections [25].

Abstract
Natural events and human activities (anthropogenic) will emit
components, whether reactive or not, to the atmosphere.
Particulate, as one of the pollutant components, spread
hundreds or even thousands of kilo meters from their source.
This research aims to predict the particulate concentration and
simulate particulate dispersion downwind from the industrial
stacks. This study used 18 stacks of data from 5 industries at
the Ciwandan District in Cilegon City. The analysis data was
taken from January – December 2019. The Gaussian Plume
Model and SCREEN3 were used to calculate particulate
concentration at downwind distances ranging from 500 – 5000
m. The modelling result compared with measurement data to
evaluate the model performance. The model evaluation for
particulate modelling showed poor agreements. There were
significant differences between the accumulation of particulate
concentration by model and observed. This condition means
that the study area's particulate is affected by industrial stack
emission and other sources.

Estimating the concentration of pollutants in ambient air
(atmosphere) can be done through mathematical simulations.
Using an emissions dispersion model, one can predict air
quality spatially, temporally, and by source category [5].
Modelling the dispersion of air pollutants can predict the effect
of severe impacts on the environment and human health so that
the development of various models plays a vital role for
governments and researchers [15]. The Gaussian Plume Model
is the most used dispersion model to estimate a pollutant's
concentration at a certain point [11] [16]. The Gaussian Plume
Model has analytical solutions, easy to use computationally,
and has rules guidelines. The model results will be valid if the
wind speed and k value (Eddy diffusion coefficient) are
constant [24] [12]. The use of the Gaussian dispersion model is
limited to uniform flows with homogeneous turbulence for
point sources [17].

Keywords: dispersion, emission, Gaussian, particulate,
SCREEN3.

Model validation by field measurements shows the value of
modelling accuracy of 14-15.5% [18]. Based on research in
East Java, the highest dust dispersion in the rainy and dry
season tends to accumulate near emission sources with <1000
m with a dispersion pattern following the wind direction and
sensitive atmospheric stability [22]. Research conducted in
Ciwandan District in 2017, resulted that the concentration of
PM2.5 and PM10 in Kubangsari Village (121 μg/m3 and 157
μg/m3) is the highest concentration of 60 sampling points in
Ciwandan District [6].

INTRODUCTION
Natural events and human activities (anthropogenic) will emit
components, whether reactive or not, to the atmosphere.
Pollutant components (pollutants) can spread hundreds or even
thousands of kilometres from their source depending on their
physical and chemical characteristics (for example, chemical
composition, water-solubility, or aerosol particle size
distribution) [15].
Based on the United States Environmental Protection Agency
(EPA), there are 6 (six) criteria for pollutants in the air, and
particulate is one of them [26]. Based on research conducted by
[19], particulate pollutants are dominated by traffic and
industrial activities.

The research objectives are to predict the concentration of
particulate in ambient air using the Gaussian Plume Dispersion
Model, compare the modelling result with SCREEN3, and
simulate particulate dispersion scenarios downwind from the
industrial stacks. The modelling predictions were later
compared with the monitoring point (measured data).

The Ciwandan District is one of the industrial zones in Cilegon
City. Based on the zoning stated in the Spatial Planning of the
City of Cilegon (RTRW) in 2010-2030, Ciwandan District is a
zone of developing its function as a chemical and heavy
industrial area non-chemical industry [20]. Central Bureau of
statistics states that as many as 106 industries are in Ciwandan
District, and this makes Ciwandan District the district with the
highest number of industries in the City of Cilegon [3]. The

METHODOLOGY
The study area was Ciwandan District in Cilegon City, Banten
Province. The modelling was used time-series data from
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industrial monitoring data that was taken in January –
December 2019. Stacks location and monitoring points, as
measurement data, are shown in Figure 1. In achieving the

research objectives, the stages carried out are described in
Figure 2.

Figure 1. Stacks location and monitoring point

Figure 2. Flow Chart of the research
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private company located in Jakarta, and climate data were
obtained from the Meteorology, Climatology, and Geophysics
Agency of Serang Station for the last ten years (2009 to 2019).
Ten primary diseases data from Ciwandan Health Centre were
used to determine the impact of particulate in ambient on the
Ciwandan District's community's health. The emission sources
were used 18 stacks from 5 industries in Ciwandan District. The
input of stacks emission data was shown in Table 1.

Input Parameters
In simulating particulate dispersion in the study area, emission
source data, monitoring point data, and climate data are used.
The data used in this study are secondary. Emission source data
was obtained from monitoring reports carried out by industries
in Ciwandan District in 2019 from the Environmental Office of
Cilegon City. Monitoring point data were obtained from a

Table 1. Stack Characteristics

Stack height (Hs)

Stack diameter
(ds)

Stack temperature
(Ts)

Exit velocity (Vs)

Total Particulate
Matter (TPM)
Emission
Concentration

(m)

(m)

(K)

(m/s)

(mg/m3)

CR1

35.50

0.80

304

2.70

9

CR2

60.00

2.00

403

1.00

5

CR3

60.00

2.00

409

9.90

13

CR4

23.00

1.00

339

13.54

8

CR5

23.31

1.10

585

9.60

2

CR6

23.31

1.10

572

15.38

1

CR7

22.00

2.30

575

6.88

1

CR8

41.30

2.00

393

11.67

12

CR9

36.45

1.30

304

8.35

5

CR10

16.00

1.50

451

12.77

6

CR11

24.00

1.00

306

9.75

15

CR12

27.10

1.50

424

2.64

7

CR13

30.00

1.50

361

3.88

32

CR14

30.00

1.20

120

9.04

35

CR15

30.00

1.20

120

8.68

33

CR16

30.00

1.20

120

9.21

28

CR17

30.00

1.20

120

9.65

47

CR18

80.00

1.20

120

21.49

41

Stack
Code
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The Gaussian Plume Dispersion Model
The Gaussian Plume Model is a semi-empirical method [14].
The Gaussian plume dispersion equation calculates
particulates' concentration at a specified distance. The groundlevel concentrations in downwind direction are calculated by
the equation shown in Equation 1 [27].
2

1 𝑦2
1 (𝑧 − 𝐻𝑐)
1 (𝑧 + 𝐻𝑐)2
𝐶(𝑥, 𝑦, 𝑧) =
𝑒𝑥𝑝 [−
]
{𝑒𝑥𝑝
[−
]
+
𝑒𝑥𝑝
[−
]}
2 𝜎𝑦 2
2
2
2 𝜋 𝑢𝑠 𝜎𝑦 𝜎𝑧
𝜎𝑧2
𝜎𝑧2
𝑄

(1)

Remark:
C(x,y,z)

=

Concentration of the gas pollutant (µg/m )

Q

=

Source pollutant emission rate (µg/s)

us

=

Horizontal wind speed along with the plume
centreline (m/s)

σy

=

Dispersion parameter in the horizontal (lateral)
direction (m)

σz

=

Dispersion parameter in the vertical direction
(m)

Hc

=

Effective stack height (m)

x

=

Distance downwind from the source (m)

y

=

Crosswind direction standard deviation of the
concentration distribution at downwind distance
x (m)

z

The value of p denotes the wind profile exponent, depending
upon the atmospheric stability category and wind speed class.
The value of p in rural areas is provided in Table 2. In this
study, due to the atmospheric stability class was B (moderately
unstable), the p value was 0.12.

3

=

Table 2. Value of p to predict wind speed profiles for rural
terrain
p

A

0.11

B

0.12

C

0.12

D

0.17

E

0.29

F

0.45

Vertical direction standard deviation of the
concentration distribution at downwind distance
x (m)

The study location determined that the atmospheric stability
class is B (moderately unstable). Several parameters are
calculated using the equations below:

Buoyancy Factor
Pollutants coming out of the stack will move up vertically
caused by the initial speed that pollutants have and the ability
to move up (flux buoyancy) due to high pollutant temperature
and density.

Wind Speed
The wind speed referred to a particular reference height
(usually 10 m). The wind power law is used to adjust the
observed wind speed, U1, from a reference measurement
height, Z1, to the stack height, Z2. The wind speed profile at
altitude z (m) is calculated with the power-law [27].

𝑈2 = 𝑈1 [

Stability Class

𝑍2 𝑝
]
𝑍1

𝑇𝑠 − 𝑇𝑎
𝐹𝐵 = 𝑔 𝑉𝑠 𝑑𝑠 2 [
]
4 𝑇𝑠
Remark:

(2)

Remark:

FB

= Buoyancy flux parameter (m4/s3)

U2

= Wind speed at height 2 (m/s)

g

= Gravity (9.8 m/s2)

U1

= Wind speed at height 1 (m/s)

Vs

= Gas exit speed (m/s)

Z2

= Height 2 (m/s)

Ts

= Temperature of the released gas (K)

Z1

= height 1 (m)

Ta

= Temperature of the surrounding air (K)

p

= Wind profile exponent
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Table 3. Concentration of particulate at the monitoring point

The Distance of Maximum Plume Rise
The maximum plume rise distance (Xf) is the downwind
distance from the source where the plume has reached its
maximum rise and stable. This study used the Briggs Equation
(Eq.4) to determine the maximum plume distance due to
buoyancy flux (FB), less than 55 m4/s3 [27].

𝑋𝑓 = 49 𝐹𝐵 5/8

Monitoring Point

(4)

Remark:
Xf

= Distance of maximum plume rise (m)

FB

= Buoyancy flux parameter (m4/s3)

Concentration
(µg/m3)

TP1

27

TP2

57

TP3

11

TP4

54

TP5

134

Plume Rise

SCREEN3

The plume rise formula for unstable atmospheric conditions
was calculated by using the Briggs Equation (Eq.5) [27]. In this
study, the plume rise calculation was used gradual plume rise
equation.

SCREEN3 is a screening air dispersion model of ISC3,
Industrial Source Complex 3, developed by Lake Environment
based on the document Screening Procedures for Estimating
the Air Quality Impact of Stationary Sources U.S EPA [26].
SCREEN3 is the recommended tool to calculate screeninglevel impact estimates for stationary sources in simple terrain.
Simple terrain is defined as that in which terrain elevations are
lower in elevation than the top of the source's stack height being
evaluated in the modelling analysis. SCREEN3 is a Gaussian
plume model that provides maximum ground-level
concentrations for point, area, flare, and volume sources.

∆ℎ =

1.6𝐹𝐵 1/3 𝑋𝑓 2/3
𝑢𝑠

(5)

Remark:
Δh

= Height of plume rise (m)

FB

= Buoyancy flux parameter (m4/s3)

Xf

= Distance of maximum plume rise (m)

us

= Wind speed (m/s)

The SCREEN3's input data, using the same stack data in the
Gaussian model and location atmospheric condition. In
SCREEN3, the fumigation and shoreline calculation were used
because the stack location is within 3000 m of the sea.

SURFER
Effective Height (Hc)

Surfer is a software that is used for contour map creation and
three-dimensional modelling based on a grid. Surfer is simply
a mathematical interpolation program that draws contours of
best fit between data points. Surfer was used to the visualization
of the simulation of particulate dispersion in the study area.

The effective stack height is the actual stack height plus the
plume centreline’s rise due to the effluent buoyancy. Buoyancy
forces probable that a further rise of the plume. The calculation
of effective height was used the Eq.6.

𝐻𝑐 = 𝐻𝑠 + Δh

(6)
METEOROLOGY

Remark:

In analysing the determination of the distribution of pollutants
required supporting data, including wind direction and speed.
Cilegon has a hot and humid climate on the boundary
between tropical monsoon (Am) and savannah (Aw) according
to the Köppen climate classification system. Despite being
located relatively close to the equator, the city has
distinct wet and dry seasons. In the dry season, around MayOctober, the dominant wind blows from the North and the
Northeast. In the wet or rainy season, around November-April,
the dominant wind blows from the West and a small part from
the North. For annual winds, the dominant wind blows from the
North, West, and a small part of the Northeast. The wind speed
range from 0.3 – 4.4 m/s, and the temperature range from 23.6
– 28.8 oC. The dry season and wet season wind roses are

Hc = Effective stack height (m)
Hs

= Stack height (m)

Δh

= Plume rise (m)

The Gaussian Plume Model and SCREEN3 results were later
compared with the measured data. Particulate concentrations at
monitoring points are presented in Table 3.
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presented in Figure 3. The annual wind rose is presented in
Figure 4.

Figure 3. The wind roses of dry season and wet season

Figure 4. The annual wind rose

RESULT AND DISCUSSION

the same distance had no significant concentration difference.

The Modelling of Particulate Concentration Prediction

The fumigation and shoreline components in the SCREEN3
calculation result differ not significantly from the Gaussian
Plume model results. A significant difference occurred when
both model results were compared with the monitoring data
(measurement data). The particulate concentration measured at
the monitoring location at 500 m from the stack was 57 µg/m3.
The comparison of maximum particulate concentration
between the SCREEN3 result and the Gaussian Plume model
result is showed in Figure 5.

The calculation of particulate concentration using the Gaussian
Plume Model and SCREEN3 for each stack obtained the
maximum particulate concentration at a certain distance. The
maximum particulate concentration for CR1 computed by
SCREEN3 was found at 500 m (0.145 µg/m3), while the
maximum particulate concentration calculated by Gaussian
Plume Model was also found at 500 m (0.132 µg/m3).
Comparing the maximum particulate concentration obtained by
the SCREEN3 and the Gaussian Plume model for each stack at
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Figure 5. Comparison between simulated particulate maximum concentration by the SCREEN3 Model and Gaussian Plume
Model for 18 stacks
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GAUSSIAN PLUME MODEL
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Figure 6. Comparison between particulate accumulation concentration by using the SCREEN3, Gaussian Plume Model, and
measurement data

Figure 6 showed the comparison of particulate accumulation
concentration obtained by the SCREEN, the Gaussian Plume
model, and measurement data. The accumulated particulate
concentration is divided based on the zone determined based on
the distance between the maximum particulate concentration
and the monitoring point (measured data). Based on these
comparisons, it showed that the measured data is still higher
than the modelling results.

Serpong, Indonesia obtained the source apportionment of
particulate matter were lead industry mixed with road dust
(12%), diesel vehicles (30%), oil and coal-fired power plant
(26%), road dust (17%), and biomass burning mixed with road
dust (15%) [23]. While a study in Peshawar revealed the source
of particulate matter pollutants, which were re-suspended
road/soil dust (35.9%), vehicular emission (27.4%), industrial
emission (12.9%), and household combustion emission
(12.8%) [1].

The result indicates that the concentration of particulate in
ambient air not only originates from industrial stacks. A study
conducted in Cilegon city was found the five highest
contributors to air pollution, which were crustal matter
(40.13%), iron and steel production (22.23%), coal combustion
(16.54%), biomass burning (11.83%), smelting (8.63%).
Meanwhile, other sources were diesel vehicle (0.28%), sea salt
(0.17%), fuel-oil combustion (0.07%), road dust (0.07%) and
cement industry/construction (0.05%) [8]. Another study in

The Evaluation of the Model Performance
The Gaussian Plume model and the SCREEN3 (Version 4.0.1)
performance was evaluated by comparing with the measured
particulate concentration. The Gaussian Plume Model and
SCREEN3 performance have a coefficient of determination
(R2) of 0.0345 and 0.0399, respectively. The model
performance indicates that both models have a poor
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performance. A high correlation coefficient (r 2 = 0.98 and r2 =
0.99) was obtained on the modelling of particulate matter
dispersion from a cement plant by using the SCREEN3 model
and The Gaussian Plume model [13]. A study in dispersion
model evaluation of PM2.5 from point sources in Nova Scotia,
Canada using Aermod Gaussian plume air dispersion model
obtained poor agreements between the model and observed

data [10], R2 of 0.65 obtained in a study at the particulate
matter and its source apportionment in Peshawar, Northern
Pakistan [1]. The various R2 value in several studies showed
that the model depends on the modelling times scale, domain
environment, nature of the emission sources, and validation
data set. The coefficient of determination of the study is
presented in Figure 7.

Measurement Data

60
50
40
30
20

ySCREEN3 = -5.8528x + 67.142
R² = 0.0354

10

yGPM = -6.4231x + 70.416
R² = 0.0399

0
0

1

2

3
Result of Model

4

5

6

SCREEN3

GAUSSIAN PLUME MODEL (GPM)

Linear (SCREEN3)

Linear (GAUSSIAN PLUME MODEL (GPM))

Figure 7. Coefficient of determination (R2) for model and measurement data

In addition to the R2 value, each model's error value is also
calculated against the measured data. The error value of the
models is shown in Figure 8 and Figure 9. Figure 8 to Figure
12 showed that the error between the models and measurement
data is very high varied from 80–100%. This result indicates
that the deviation of the models and measurement data occurred
by several things.

of all configurations was always less than 7% [7]. The tracer
emission's dislocation not only generates random errors that
were caught by the variations of the results between the
different measurements transects [2]. It also has a strong
potential to generate a bias in the computations since the
measurements were taken in a relatively narrow range of
sources. The observed location was in the downwind of another
particulate emission source. Therefore, the emission rate was
overestimated because of vertical atmospheric diffusion.

Error (%)

In a study, the Gaussian Plume model's theoretical and
experimental study in a small scale system obtained the error
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Figure 8. Comparison of Model Error
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Figure 9. Comparison of Model Error to TP1
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Figure 10. Comparison of Model Error to TP2
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Figure 11. Comparison of Model Error to TP3
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Figure 12. Comparison of Model Error to TP4

SCREEN3 is decreasing in concentration with increasing
distance from the source of emissions. The Gaussian Plume
Model and SCREEN3 performance have a coefficient of
determination (R2) of 0.0345 and 0.0399, respectively. That
indicates that both models have a poor agreement. By using
Surfer and Google Earth, the simulation of particulate
concentration dispersion was visualized. Simulated dispersion
at various downwind distances shows the dominant direction of
particulate dispersion toward the southern part of the study
area. The particulate distribution direction spreads based on the
dominant wind direction. The model's particulate concentration
was smaller than the particulate concentration at the monitoring
points based on comparing the modelling results and the
monitoring points (measured data).

The Particulate Dispersion
The particulate dispersion predicted is shown in Figure 13.
Dispersion simulation at various downwind distances shows
that particulate dispersion's dominant direction was toward the
southern part of the study area. The particulate distribution
direction spreads based on the dominant wind direction and the
vehicle movement greatly contributes to pollutant dispersion
[28].
Based on the particulate concentration calculation by
modelling, the smaller the particulate concentration away from
the emission source. A study in West Java showed the same
result [21]. The southern part of the study location is mostly in
hilly areas. Based on the study area boundaries, the dispersion
direction also reaches community settlements, especially in the
southwest of the study location.

Based on the modelling results, the high level of ISPA incident
in The Ciwandan district is not only affected by particulate
emissions from the industrial stack but also from crustal matter,
coal combustion, biomass burning, diesel vehicle, sea salt, fueloil combustion, re-suspended road/soil dust, and household
combustion emission. Finally, the readily available tools and
data combined with a dispersion model provide a more accurate
representation of the air quality.

ACKNOWLEDGEMENT
The authors would like to acknowledge the Cilegon City
Environment Agency for their industrial monitoring report and
the private company from Jakarta for their helpful sample
analysis
Figure 13. Visualization of the simulation particulate
dispersion.

REFERENCES
[1]

Alam K, Rahman N, Khan HU, Haq BS, Rahman S. 2015.
Particulate matter and its source apportionment in
Peshawar, Northern Pakistan. Aerosol Air Qual. Res.
15(2):634–647.doi:10.4209/aaqr.2014.10.0250.

[2]

Ars S, Broquet G, Kwok CY, Roustan Y, Wu L,
Arzoumanian E, Bousquet P. 2017. Statistical
atmospheric inversion of local gas emissions by coupling
the tracer release technique and local-scale transport
modelling : a test case with controlled methane

CONCLUSION
We obtained the prediction of particulates' concentration in
distances about 500-5000 m from each stack based on this
study. The accumulation and maximum concentration were
obtained using the Gaussian Plume Model and SCREEN3
below the government's quality standard. The dispersion of
particulates in ambient air using the Gaussian equation and

1068

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 15, Number 11 (2020) pp. 1059-1069
© Research India Publications. http://www.ripublication.com
emissions. 5017–5037.
[3]

[BPS] Central Bureau of Statistics of Cilegon. 2018. Kota
Cilegon dalam Angka 2018. BPS: Banten (ID).

[4]

[BPS] Central Bureau of Statistics of Cilegon. 2018.
Kecamatan Ciwandan dalam Angka 2018. BPS: Banten
(ID).

[5]

Beevers SD, Kitwiroon N, Williams ML, Kelly FJ,
Anderson HR, Carslaw DC. 2013. Air pollution
dispersion models for human exposure predictions in
London. 23(6):647–653.doi:10.1038/jes.2013.6.

[6]

[7]

Bedah S, Latifah I. 2017. Risiko Pajanan Konsentrasi
PM10 dan PM2,5 di Kecamatan Ciwandan, Cilegon, Jawa
Barat Tahun 2014. Jurnal Ilmiah Kesehatan. 9(1):93-102.
Brusca S, Famoso F, Lanzafame R, Mauro S, Garrano
AMC, Monforte P. 2016. Theoretical and Experimental
Study of Gaussian Plume Model in Small Scale
Theoretical and experimental study of Gaussian Plume
model in small scale system. Energy Procedia. 101:58–
65.doi:10.1016/j.egypro.2016.11.008.

[8]

Damayanti S, Lestari P. 2020. Receptor Modeling of
Particulate Matter at Residential Area Near Industrial
Region in Indonesia using Positive Matrix Factorization.
E3S Web of Conferences. Vol 148.

[9]

Enviromental Agency of Cilegon City,
Monitoring Industri Tahun 2018.

Laporan

[10] Gibson MD, Kundu S, Satish M. 2013. Dispersion model
evaluation of PM2.5, NOX and SO2 from point and major
line sources in Nova Scotia, Canada using AERMOD
Gaussian plume air dispersion model. Atmos. Pollut. Res.
4(2):157–167.doi:10.5094/APR.2013.016.
[11] Gronwald F, Chang SY. 2018. Evaluation of the Precision
and Accuracy of Multiple Air Dispersion Models.
Journal of Atmospheric Pollution. 6(1):1-11.
[12] Juodis L, Filistovič V, Maceika E, Remeikis V. 2016.
Analytical Dispersion Model for The Chain of Primary
and Secondary Air Pollutants Released from Point
Source. Atmospheric Environment. 128:216-226.
[13] Khaniabadi YO, Sicard P, Taiwo AM, De Marco A,
Esmeili S, Rashidi R. 2018. Modeling of Particulate
Matter Dispersion from a Cement Plant: UpwindDownwind Case Study. Journal of Environmental
Chemical Engineering. 6(2):3104-3110.
[14] Lateb M, Meroney RN, Yataghene M, Fellouah H,
Boufadel MC. 2015. On the Use of Numerical Modelling
for Near-Field Pollutant Dispersion in Urban
Environments – A Review. Environmental Pollution.
208: 271 – 283.
[15] Leelőssy, Á, Molnár, F, Izsák, F, Havasi, Á, Lagzi, I, &
Mészáros, R. 2014. Dispersion modeling of air pollutants
in the atmosphere: a review. Central European Journal of
Geosciences.
6(3):257–278.
https://doi.org/10.2478/s13533-012-0188-6.
[16] Lushi E, Stockie JM. 2010. An Inverse Gaussian Plume

Approach for Estimating Atmospheric Pollutant
Emissions from Multiple Point Sources. Atmospheric
Environment. 44: 1097-1107.
[17] Meghea I, Mihai M, Demeter T. 2013. Gauss Dispersion
Model Applied to Multiple Punctual Sources from an
Industrial Platform. Section Ecology and Environmental
Protection. geoConference on Ecology, Economics,
Education and Legislation. 1:497-504.
[18] Paramitadevi YV. 2014. Simulasi dan Validasi Model
Dispersi Karbon Monoksida (CO) di Sekitar Pintu Tol
Baranangsiang Bogor [Thesis]. Bogor (ID): Institut
Pertanian Bogor.
[19] Pateraki St, Assimakopoulos VD, Maggos Th, Fameli
KM, Kotroni V, Vasilakos Ch. 2013. Particulate Matter
Pollution Over a Mediterranean Urban Area. Science of
the total Environment. 508-524.
[20] Pemerintah Daerah Kota Cilegon. Peraturan Daerah
Kota Cilegon Nomor 3 Tahun 2011 tentang Rencana Tata
Ruang Wilayah Kota Cilegon Tahun 2010-2030. Cilegon
(ID): Sekretariat Daerah Kota Cilegon.
[21] Puspa Dewi NWS, June T, Yani M, & Mujito M. 2018.
Estimasi Pola Dispersi Debu, SO2 Dan Nox Dari Industri
Semen Menggunakan Model Gauss Yang Diintegrasi
Dengan Screen3. Jurnal Pengelolaan Sumberdaya Alam
Dan Lingkungan (Journal of Natural Resources and
Environmental
Management),
8(1),
109–119.
https://doi.org/10.29244/jpsl.8.1.109-119.
[22] Rahmadhani A. 2017. Permodelan Dispersi Pencemaran
Udara Sumber Majemuk Industri Semen di Kabupaten
Tuban Jawa Timur [UndergraduateThesis]. Surabaya
(ID): Institut Teknologi Sepuluh November.
[23] Santoso M, Lestiani DD, Mukhtar R, Hamonangan E,
Syafrul H, Markwitz A, Hopke PK. 2011. Atmospheric
Pollution Research Preliminary study of the sources of
ambient air pollution in Serpong, Indonesia. Atmospheric
Pollution
Research.
2(2):190–196.
https://doi.org/10.5094/APR.2011.024
[24] Stockie JM. 2011. The Mathematics of Atmospheric
Dispersion Modelling [review]. SIAM Review.
53(2):349-372.
[25] [UPTD PUSKESMAS] Unit Pelaksana Teknis Dinas
Puskesmas DTP Ciwandan. 2018. Data 10 Besar
Penyakit Puskesmas Ciwandan. Cilegon (ID).
[26] [US EPA] Environmental Protection Agency. 2014. Air
Quality Index: A Guide to Air Quality and Your Health.
United States (US).
[27] Visscher AD. 2014. Air Dispersion ModelingFoundations and Applications. New Jersey (NJ): John
Wiley & Sons, Inc.
[28] Wang Q, Fang W, de Richter R, Peng C, Ming T. 2019.
Effect of moving vehicles on pollutant dispersion in street
canyon by using dynamic mesh updating method. Journal
of Wind Engineering and Industrial Aerodynamics. 15–
25. https://doi.org/10.1016/j.jweia.2019.01.014

1069

