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ABSTRACT 

 

Optimization of Adsorption and Multi-Contaminant Removal in Pharmaceutical 

Wastewater Using Coagulation, Coconut Shell Activated Carbon, and Biochar 

 

By 

 

Sabda Aji Prabaswara 

Silvya Yusri S.Si., M.T., Advisor 

Dr. Ing. Diah Indriani Widiputri, Co-Advisor 

 

 

SWISS GERMAN UNIVERSITY 

 

Pharmaceutical manufacturing effluents typically comprise complex aqueous matrices 

containing dissolved heavy metal ions and recalcitrant organic pharmaceutical 

compounds, which present substantial environmetal and public health hazards in the 

absence of adequate remediation. The present investigation evaluated a sequential 

hybrid treatment system integrating coagulation with poly aluminium chloride (PAC) 

as a primary unit process, followed by adsorptive treatment employing coconut shell- 

activated carbon (AC) and thermally-converted animal bone biochar for the 

simultaneous removal of zinc (Zn2+) cations, calcium cations (Ca2+ , serving as an 

indicator of water hardness), and acetaminophen. Batch-mode experimental protocols 

were implemented to systemically optimize critical operational parameters, including 

adsorbent loading rate, solution pH, and solid-liquid contact duration. The coagulation 

stage functioned as a preliminary treatment operation to facilitate colloidal 

destabilization and suspended particulate matter reduction, thereby enhancing the mass 

transfer characteristics and sorption performance of the subsequent adsorption 

processes. 

Under systemically optimized operational parameters (pH 6.5-7.5, contact time of 23 

hours, single adsorbent CSAC of 20 grams and also combined biochar of 8.263 grams 

and CSAC of 20 grams), the integrated coagulation-adsorption treatment system 

demonstrated removal of paracetamol to 110.6 ppm and zinc to 0.3 ppm. 

Keywords: adsorption; polyaluminium chloride (PAC); activated carbon; biochar; 

zinc removal; calcium removal; acetaminophen; pharmaceutical wastewater treatment 
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