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ABSTRAK 

ANALISIS ULTRAFINE PARTICLES (UFPs) DAN BLACK CARBON (BC) 

DI INDOOR MICROENVIRONMENT UNIVERSITAS: SUMBER 

POTENSIAL, FAKTOR INFILTRASI, EXPOSURE, DAN MACHINE 

LEARNING MODEL 

MOHAMAD SHOLIKIN 

NPM. 20034010013 

Ambien ultrafine particles (UFPs; PM0.1; partikel berdiameter kurang dari 0.1µm) 

dan black carbon (BC) memiliki dampak negatif terhadap kesehatan manusia. 

Siswa menghabiskan sebagian besar waktunya di dalam ruangan dan sepertiganya 

di sekolah, lingkungan pendidikan perlu mendapat perhatian khusus. Penelitian ini 

bertujuan untuk memperluas karakterisasi UFP dan BC di universitas dengan 

mempertimbangkan indoor microenvironment yang berbeda, faktor infiltrasi, dan 

memperkirakan paparan untuk anak-anak dan orang dewasa yang sehat. Selain itu, 

machine learning (ML) yang dapat secara akurat memprediksi jumlah partikel UFP 

dikembangkan dan digunakan dalam studi ini. Penelitian ini mengukur konsentrasi 

UFP dan BC di empat jenis ruangan: classroom, officeroom, cafetaria, dan gym. 

Rata-rata UFP PNC dan BC yang diamati cafeteria (13,355  # 𝑐𝑚−3 & 599 ng m⁻³ 

), gym (8,811 # 𝑐𝑚−3 & 987 ng m⁻³ ), office room (7,679 # 𝑐𝑚−3 & 830 ng m⁻³ ), 

dan classroom (6,420 # 𝑐𝑚−3 & 548 ng m⁻³). Rasio I/O tertinggi untuk UFP 

ditemukan di cafetaria (0,80), yang menunjukkan pengaruh polusi luar ruangan, 

sementara BC memiliki rasio I/O tertinggi di gym (1,11), yang menunjukkan 

sumber BC dalam ruangan. UFP yang terhirup sebagian besar disimpan di fraksi 

pernapasan tracheobronchial untuk orang dewasa (67,7%) dan di fraksi alveoli 

untuk anak-anak (68,3%). Algoritma ML, artificial neural network menunjukkan 

kinerja terbaik untuk classroom dan cafetaria, dengan nilai R² masing-masing 

sebesar 0,958 dan 0,923, serta nilai MAE dan MSE yang rendah. Sementara itu, 

random forest regressor menunjukkan kinerja yang optimal untuk classroom dan 

gym, dengan nilai R² masing-masing sebesar 0,915 dan 0,865. 

Kata kunci: Black carbon, Exposure Assessment, Faktor infiltrasi, Machine 

Learning, Ultrafine particles 
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ABSTRACT 

ASSESSING UFPs AND BC CHARACTERISTICS AMONG DIFFERENT 

INDOOR MICROENVIRONMENTS IN UNIVERSITY: EMPHASIS ON 

SOURCES, INFILTRATION FACTOR, EXPOSURE, AND MACHINE 

LEARNING MODEL 

MOHAMAD SHOLIKIN 

NPM. 20034010013 

Ambient ultrafine particles (UFPs; PM0.1; particles of diameter less than or equal 

to 0.1µm) and black carbon (BC) have a negative on human health. As students 

spend most of their time indoor and one third in school, the educatory environment 

deserve special attention; however, majority of past research focused on UFPs and 

BC assessment itself in classroom. Thus, this work aims to expand the the 

characterization of UFPs and BC in university by considering different indoor 

microenvironment, infiltration factor, and estimating exposure for healthy children 

and adult. Additionally, machine learning (ML) that could accurately predict the 

particle number of UFPs was developed and utilized in this investigation. This study 

measured UFPs and BC concentrations across four room types: cafeteria, gym, 

office room, and classroom. The observed average UFPs PNC and BC in the 

cafeteria (13,355  # 𝑐𝑚−3 & 599 ng m⁻³ ), gym (8,811 # 𝑐𝑚−3 & 987 ng m⁻³ ), office 

room (7,679 # 𝑐𝑚−3 & 830 ng m⁻³ ), and classroom (6,420 # 𝑐𝑚−3 & 548 ng m⁻³). 

The highest I/O ratio for UFPs was found in the cafeteria (0.80), indicating outdoor 

pollution influence, while BC had the highest I/O ratio in the gym (1.11), suggesting 

indoor BC sources. The majority of inhaled UFPs were found in the alveoli (ALV) 

fraction in children (68.3%) and the tracheobronchial (TB) respiratory fraction in 

adults (67.7%). The ML algorithm, artificial neural network (ANN) demonstrated 

the best performance for the office room and cafeteria, with R² values of 0.958 and 

0.923, respectively, and low MAE and MSE values. Meanwhile, the random forest 

regressor (RFRegressor) performed optimally for the classroom and gym, with R² 

values of 0.915 and 0.865, respectively. 

Keywords: Black carbon, Exposure Assessment, Infiltration Factor, Machine 

Learning, Ultrafine particles,  
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