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ABSTRAK

Industri pupuk dan pestisida berpotensi menghasilkan emisi sulfur dioksida (SO-)
yang dapat membahayakan kesehatan pekerja dan lingkungan. Penelitian ini
bertujuan menganalisis kadar gas SO secara periodik setiap jam menggunakan
sensor MQ-136 berbasis IoT, menganalisis persebaran spasial gas SO: dengan
pendekatan Computational Fluid Dynamics (CFD), dan mengevaluasi kesesuaian
kadar SO: dengan baku mutu Permenaker No. 5 Tahun 2018. Pengukuran dilakukan
secara kontinyu selama 24 jam dengan interval 1 jam di ruang produksi industri
pupuk di Bojonegoro. Data konsentrasi SO: beserta parameter meteorologi (suhu,
kelembapan, kecepatan dan arah angin) direkam secara real-time melalui platform
Blynk. Data kemudian dikonversi menjadi laju emisi massa dan disimulasikan
menggunakan SimScale dengan model turbulensi k-o SST untuk menghasilkan
visualisasi heatmap distribusi spasial. Hasil penelitian menunjukkan fluktuasi
temporal dengan konsentrasi tertinggi 1,056 ppm pada pukul 11.00 dan terendah
0,238 ppm pada pukul 03.00. Visualisasi heatmap CFD mengidentifikasi kadar SO:
di area produksi dengan ventilasi terbatas. Seluruh data pengukuran menunjukkan
bahwa kadar SO: masih berada di bawah baku mutu Permenaker No. 5 Tahun 2018
(2 ppm untuk pemaparan 8 jam kerja), dengan konsentrasi tertinggi mencapai
52,8% dari NAB yang diizinkan. Penelitian ini menekankan pentingnya sistem
monitoring real-time, optimasi sistem ventilasi, dan strategi pengendalian berbasis

temporal untuk meminimalkan paparan SO- di lingkungan industri tertutup.

Kata kunci: sulfur dioksida, CFD, IoT, sensor MQ-136, distribusi spasial, industri

pupuk, baku mutu udara



ABSTRACT

The fertilizer and pesticide industry has the potential to produce sulfur dioxide
(SO:) emissions that can harm the health of workers and the environment. This
study aims to analyze SO: gas levels periodically every hour using an loT-based
MQ-136 sensor, analyze the spatial distribution of SO: gas using the Computational
Fluid Dynamics (CFD) approach, and evaluate the suitability of SO: levels with the
quality standards of Permenaker No. 5 of 2018. Measurements were taken
continuously for 24 hours at 1-hour intervals in an industrial fertilizer production
room in Bojonegoro.  SO: concentration data along with meteorological
parameters (temperature, humidity, wind speed and direction) were recorded in real
time via the Blynk platform. The data were then converted into mass emission rates
and simulated using SimScale with the k- SST turbulence model to produce a
heatmap visualization of spatial distribution. The results of the study show temporal
Sfluctuations with the highest concentration of 1.056 ppm at 11:00 a.m. and the
lowest of 0.238 ppm at 3:00 a.m. The CFD heatmap visualization identified the
highest SO: in the area of the production with limited ventilation. All measurement
data showed that the SO: level was still below the quality standard of Permenaker
No. 5 of 2018 (2 ppm for 8-hour exposure), with the highest concentration reaching
52.8% of the permitted NAB. This study emphasizes the importance of real-time
monitoring systems, ventilation system optimization, and temporal-based control

strategies to minimize SO: exposure in enclosed industrial environments.

Keywords: sulfur dioxide, CFD, IoT, MQ-136 sensor, spatial distribution, fertilizer

industry, air quality standards
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