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ABSTRAK 

Pencemaran tanah oleh logam berat, khususnya kadmium (Cd) dan timbal (Pb) 

merupakan masalah lingkungan global yang serius. Keberadaan logam berat ini 

dapat terakumulasi dalam rantai makanan dan berdampak buruk pada kesuburan 

tanah, aktivitas mikroorganisme, serta ketersediaan unsur hara bagi tanaman. 

Lumpur Lapindo di Sidoarjo, Jawa Timur, merupakan salah satu contoh area yang 

tercemar logam berat, dengan kandungan Cd dan Pb yang berpotensi merugikan. 

Remediasi menjadi upaya penting untuk mengurangi kontaminasi ini. Penelitian ini 

bertujuan untuk: Mengkaji kandungan logam berat (Pb dan Cd) di wilayah 

terdampak lumpur Lapindo, Mengkaji pengaruh biochar dan Bacillus sp. dalam 

menekan ketersediaan logam berat pada tanah tercemar Pb dan Cd, Mengkaji bahan 

remediator yang paling efektif dan dosis yang tepat untuk menekan ketersediaan 

logam berat Pb dan Cd. Penelitian ini menggunakan Rancangan Acak Kelompok 

Faktorial dengan dua faktor perlakuan: dosis biochar (B0: tanpa biochar, B1: 20 

ton/ha, B2: 40 ton/ha) dan konsentrasi inokulan Bacillus sp. (C0: tanpa bakteri, C1: 

105 CFU, C2: 108 CFU). Sebanyak 9 kombinasi perlakuan diulang 3 kali, 

menghasilkan 27 unit percobaan. Sampel tanah tercemar diambil dari Desa Besuki, 

Kecamatan Jabon, Kabupaten Sidoarjo. Parameter yang diamati meliputi pH, 

Kapasitas Tukar Kation (KTK), C-organik, serta kadar logam berat Cd dan Pb, yang 

dianalisis setiap minggu selama empat minggu inkubasi. Data dianalisis 

menggunakan ANOVA dan dilanjutkan dengan uji Beda Nyata Jujur (BNJ) jika 

terdapat perbedaan signifikan. Pemberian biochar dan Bacillus sp. secara signifikan 

meningkatkan pH tanah, KTK, dan C-organik. Peningkatan pH terjadi karena sifat 

alkalin biochar dan aktivitas Bacillus sp. dalam dekomposisi bahan organik. 

Peningkatan KTK dan C-organik juga disebabkan oleh penambahan bahan organik 

yang menyediakan situs adsorpsi dan habitat mikroorganisme. Perlakuan 

kombinasi biochar 40 ton/ha dan Bacillus sp. 105 CFU (B2C1) menunjukkan 

efisiensi penyisihan Cd tertinggi, mencapai 52% (menurunkan kadar Cd dari 2.59 

ppm menjadi 1.14 ppm). Perlakuan B2C1 juga paling efektif dalam menurunkan 

kadar Pb, mencapai efisiensi penyisihan 25%. Terdapat korelasi negatif yang kuat 



antara pH dan C-organik dengan kadar logam berat Cd dan Pb. Semakin tinggi pH 

dan C-organik, semakin rendah ketersediaan logam berat karena mekanisme 

pengendapan, kompleksasi, dan adsorpsi. Logam berat Cd di wilayah lumpur 

Lapindo berpotensi sebagai pencemar karena melebihi ambang batas kritis, 

sedangkan Pb tidak. Penggunaan biochar dan Bacillus sp. secara efektif menekan 

ketersediaan logam berat. Kombinasi biochar 40 ton/ha dan Bacillus sp. 105 CFU 

adalah yang paling efektif dalam meremediasi Cd dan Pb. 

Kata Kunci: Biochar, Bacillus sp., Kadmium (Cd), Timbal (Pb), Remediasi Tanah. 

ABSTRACT 

Soil contamination by heavy metals, particularly cadmium (Cd) and lead (Pb) is a 

serious global environmental issue. These heavy metals can accumulate in the food 

chain and negatively impact soil fertility, microbial activity, and nutrient 

availability for plants. The Lapindo mudflow area in Sidoarjo, East Java, serves as 

an example of heavy metal-contaminated land, with potentially harmful levels of 

Cd and Pb. Remediation is a crucial effort to mitigate this contamination. This study 

aims to: Assess the heavy metal content (Pb and Cd) in the area affected by the 

Lapindo mudflow, Investigate the effect of biochar and Bacillus sp. in reducing the 

availability of heavy metals in Pb and Cd contaminated soil, Determine the most 

effective remediator and the appropriate dosage to reduce the availability of heavy 

metals Pb and Cd. This research employed a Factorial Randomized Block Design 

with two treatment factors: biochar dosage (B0: no biochar, B1: 20 tons/ha, B2: 

40 tons/ha) and Bacillus sp. inoculum concentration (C0: no bacteria, C1: 105 

CFU, C2: 108 CFU). A total of 9 treatment combinations were replicated 3 times, 

resulting in 27 experimental units. Contaminated soil samples were collected from 

Besuki Village, Jabon District, Sidoarjo. Observed parameters included pH, Cation 

Exchange Capacity (CEC), organic carbon (C-organic), and the levels of Cd and 

Pb, which were analyzed weekly for four weeks of incubation. Data were analyzed 

using ANOVA, followed by a Honestly Significant Difference (HSD) test if 

significant differences were found. The application of biochar and Bacillus sp. 

significantly increased soil pH, CEC, and C-organic. The increase in pH was 

attributed to the alkaline nature of biochar and the activity of Bacillus sp. in organic 

matter decomposition. The increase in CEC and C-organic was also due to the 



addition of organic matter, which provides adsorption sites and microbial habitats. 

The combined treatment of 40 tons/ha biochar and 105 CFU Bacillus sp. (B2C1) 

showed the highest Cd removal efficiency, reaching 52% (reducing Cd levels from 

2.59 ppm to 1.14 ppm). The B2C1 treatment was also the most effective in reducing 

Pb levels, achieving a removal efficiency of 25%. A strong negative correlation was 

observed between pH and C-organic with the levels of Cd and Pb. Higher pH and 

C-organic content resulted in lower heavy metal availability due to precipitation, 

complexation, and adsorption mechanisms. Heavy metal Cd in the Lapindo 

mudflow area has the potential to be a pollutant as it exceeds the critical threshold, 

while Pb does not. The use of biochar and Bacillus sp. effectively reduced heavy 

metal availability. The combination of 40 tons/ha biochar and 105 CFU Bacillus 

sp. was the most effective in remediating both Cd and Pb. 

Keywords:  Biochar, Bacillus sp., Cadmium (Cd), Lead (Pb), Soil Remediation. 
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