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ABSTRAK 

Instalasi Pengolahan Lumpur Tinja Keputih Surabaya menghadapi kendala 

ketidakkonsistenan efluen dalam memenuhi baku mutu lingkungan, terutama pada 

parameter amonia akibat keterbatasan kinerja unit biologis Oxidation Ditch 

konvensional. Karakteristik limbah tinja dengan rasio karbon-ke-nitrogen yang 

rendah membatasi proses denitrifikasi sehingga memicu akumulasi nitrat. 

Penelitian ini bertujuan untuk menginvestigasi kinerja kombinasi reaktor 

Intermittent Moving Bed Biofilm Reactor dan zeolit alam teraktivasi sebagai unit 

pengolahan lanjutan untuk menyisihkan parameter amonia, nitrat, dan COD. 

Penelitian skala laboratorium ini dijalankan dengan sistem Sequencing Batch 

Reactor menggunakan media Kaldnes K3 (fraksi volume 45%) dengan Hydraulics 

Retention Time selama 12 jam. Desain eksperimen menggunakan variasi siklus 

aerasi intermiten, yaitu siklus 3:3:3:3 jam dan siklus 4:2:4:2 jam, serta variasi dosis 

zeolit teraktivasi sebesar 0 g/L (kontrol), 25 g/L, dan 50 g/L. Analisis statistik diuji 

menggunakan Three-Way ANOVA. Hasil penelitian menunjukkan bahwa baik siklus 

oxic-anoxic maupun dosis zeolit memberikan pengaruh yang signifikan (𝑃 =

0,000) terhadap penyisihan COD, amonia, dan nitrat. Siklus 4:2:4:2 jam 

memberikan performa optimal untuk penyisihan COD dan amonia akibat 

ketersediaan waktu kontak oksigen yang lebih panjang , sedangkan siklus 3:3:3:3 

jam optimal untuk reduksi nitrat karena durasi anoksik yang memadai bagi bakteri 

denitrifikasi heterotrof. Penambahan zeolit terbukti memberikan efek sinergis 

melalui mekanisme pertukaran ion dan adsorpsi fisikokimia. Konfigurasi 

operasional optimum secara keseluruhan dicapai pada reaktor R6 dengan siklus 

4:2:4:2 jam dan dosis zeolit 50 g/L yang menghasilkan efisiensi penyisihan COD 

sebesar 84,3% dan amonia sebesar 89,1%, dengan penyisihan nitrat sebesar 23,7%. 

Kombinasi sistem MBBR intermiten dan zeolit terbukti efektif dalam 

meminimalisasi polutan nitrogen pada pengolahan limbah tinja. 

 

Kata Kunci: MBBR, Aerasi Intermiten, Zeolit, Amonia, Nitrat, Limbah Tinja. 
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ABSTRACT 

The Keputih Fecal Sludge Treatment Plant in Surabaya faces inconsistencies in 

effluent quality regarding environmental standards, particularly for ammonia, due 

to the limited biological performance of the conventional Oxidation Ditch. The low 

carbon-to-nitrogen ratio of fecal sludge restricts the denitrification process, leading 

to nitrate accumulation. This study aims to investigate the performance of a 

combined Intermittent Moving Bed Biofilm Reactor and activated natural zeolite 

system as a post-treatment unit to remove ammonia, nitrate, and COD. This 

laboratory-scale study was operated under a Sequencing Batch Reactor system 

using Kaldnes K3 media (45% volume fraction) with a 12-hour Hydraulic Retention 

Time. The experimental design involved variations in intermittent aeration (oxic-

anoxic) cycles, specifically 3:3:3:3 hours and 4:2:4:2 hours, along with activated 

zeolite dosages of 0 g/L, 25 g/L, and 50 g/L. Statistical evaluation was conducted 

using Three-Way ANOVA. The results revealed that both oxic-anoxic cycles and 

zeolite dosages had a highly significant effect (𝑃 = 0.000) on COD, ammonia, and 

nitrate removal. The 4:2:4:2 hours cycle was optimal for COD and ammonia 

removal due to the extended oxygen contact time , while the 3:3:3:3 hours cycle 

was optimal for nitrate reduction due to adequate anoxic duration for heterotrophic 

denitrifying bacteria. Zeolite addition exhibited synergistic effects through ion 

exchange and physicochemical adsorption. The overall optimum operational 

configuration was achieved in reactor R6 (4:2:4:2 hours cycle with a 50 g/L zeolite 

dosage), yielding removal efficiencies of 84.3% for COD and 89.1% for ammonia, 

with a nitrate removal of 23.7%. The combination of an intermittent MBBR system 

and zeolite is proven effective in minimizing nitrogen pollutants in fecal sludge 

treatment. 

 

Keywords: MBBR, Intermittent Aeration, Zeolite, Ammonia, Nitrate, Fecal Sludge. 

 

 


