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ABSTRAK

Karbon monoksida (CO) merupakan gas berbahaya hasil pembakaran tidak
sempurna yang berpotensi menimbulkan gangguan kesehatan pada pekerja,
terutama di lingkungan proyek konstruksi yang menggunakan alat berat dan
kendaraan operasional. Penelitian ini bertujuan melakukan pengukuran konsentrasi
karbon monoksida (CO), menganalisis pola dan kecenderungan perubahan
konsentrasi, mengevaluasi hasil pengukuran berdasarkan Nilai Ambang Batas
(NAB), serta memberikan rekomendasi pengendalian pada area operasional Proyek
Jalan Tol. Penelitian menggunakan metode deskriptif kuantitatif dengan sistem
monitoring berbasis Internet of things (10T) yang terdiri atas mikrokontroler ESP32
dan sensor MQ-9. Pengukuran dilakukan pada area vakum, area parkir, dan area
workshop selama jam kerja, kemudian dianalisis menggunakan nilai rata-rata dan
grafik tren. Hasil penelitian menunjukkan bahwa konsentrasi CO mengalami
fluktuasi sesuai intensitas aktivitas alat berat, kendaraan operasional, dan kondisi
lingkungan. Rata-rata konsentrasi CO tertinggi terdapat pada area parkir, sedangkan
area workshop memiliki rata-rata terendah. Konsentrasi tertinggi yang tercatat
selama penelitian sebesar 18,27 ppm, masih berada di bawah Nilai Ambang Batas
25 ppm sesuai Permenaker Nomor 5 Tahun 2018. Hasil evaluasi menunjukkan
bahwa seluruh lokasi penelitian masih memenuhi standar keselamatan dan
kesehatan kerja, meskipun terdapat kecenderungan peningkatan konsentrasi pada
periode aktivitas operasional yang tinggi. Pengendalian yang direkomendasikan
meliputi perawatan rutin alat berat dan kendaraan, pengaturan lalu lintas
operasional, pemantauan kualitas udara secara berkala, serta penguatan
pengendalian administratif sebagai upaya pencegahan paparan karbon monoksida
di lingkungan kerja.

Kata kunci: ESP32, Internet of things, karbon monoksida, keselamatan dan
kesehatan kerja, MQ-9, proyek konstruksi.



ABSTRACT

Carbon monoxide (CO) is a hazardous gas produced by incomplete combustion
that may pose health risks to workers, particularly in construction projects
involving heavy equipment and operational vehicles. This study aimed to measure
carbon monoxide (CO) concentrations, analyze concentration patterns and trends,
evaluate the measurement results based on the Occupational Exposure Limit
(OEL), and provide control recommendations for the operational areas of the Toll
Road Project. This research employed a quantitative descriptive method using an
Internet of things (loT)-based monitoring system consisting of an ESP32
microcontroller and an MQ-9 gas sensor. Measurements were conducted in the
vacuum area, parking area, and workshop area during working hours. The
collected data were analyzed using average values and trend graphs. The results
indicated that CO concentrations fluctuated according to the intensity of heavy
equipment operation, vehicle activity, and environmental conditions. The highest
average CO concentration was observed in the parking area, while the workshop
recorded the lowest average concentration. The highest recorded CO concentration
during the study was 18.27 ppm, which remained below the Occupational Exposure
Limit of 25 ppm stipulated in the Indonesian Minister of Manpower Regulation No.
5 of 2018. The evaluation showed that all measurement locations complied with
occupational safety and health standards, although increasing concentration
trends were observed during periods of intensive operational activities.
Recommended control measures include routine maintenance of heavy equipment
and vehicles, improved operational traffic management, periodic air quality
monitoring, and strengthened administrative controls to minimize occupational
exposure to carbon monoxide.

Keywords: carbon monoxide, construction project, ESP32, Internet of things, MQ-
9, occupational safety and health.
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