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Comparison of the Efficiency of Coagulation-Flocculation, Oxidation, and
Static Magnetic Fields in Controlling Bulking in Biological Wastewater
Treatment Processes

Abstract

Introduction: Bulking is one of the most significant operational challenges in municipal
wastewater treatment plants, causing disturbances in settling, increased effluent pollutant load,
and reduced overall system efficiency. This study aimed to compare the effectiveness of three
bulking control methods, including coagulation-flocculation, oxidation, and static magnetic
fields, as well as their combined effects on the functional indicators of the biological wastewater
treatment process.

Materials and Methods: The study was conducted at a laboratory scale using wastewater from
the Sanandaj treatment plant. Sixty 1-liter sludge samples with an initial SVI above 200 mL/g
were collected. Experiments were performed under controlled conditions (pH 7, temperature
25 °C) using jar tests for coagulants (doses 50-200 mg/L), oxidation using H, O, (doses 50,
100, 300, 500 mg/L), Cl, (doses 3,5, 10, 20 mg/L), and Oz (dose 3 g/h), and a static magnetic
field device (intensities 1-3 mT). SVI, MLSS, and filamentous bacteria counts were measured
according to standard methods. Statistical analysis was performed using SPSS, including
descriptive statistics (mean, standard deviation), t-tests, ANOVA for group comparisons, and
regression analysis for relationships.

Results: The results showed that the optimal coagulants in terms of sludge volume index were
polyaluminum chloride at 50 mg/L, alum at 50 mg/L, and ferric chloride at 100 mg/L, which
reduced SVI from 250 to 120 mL/g, 250 to 124 mL/g, and 274 to 126 mL/g, respectively.
Among oxidants, chlorine at 5 mg/L achieved the optimal SVI, reducing it from 258 to 138
mL/g. For static magnetic fields, the optimal condition in terms of SVI and MLSS changes was
an intensity of 3 mT, which reduced SVI from 283 to 150 mL/g. Among combined treatments,
the most effective SVI reductions were observed with 100 mg/L ferric chloride combined with a
3 mT magnetic field and 50 mg/L polyaluminum chloride combined with a 3 mT magnetic field.
The greatest reduction in filamentous bacteria colonies occurred with 50 mg/L hydrogen
peroxide combined with a 3 mT magnetic field, reducing colony counts from 322 to 166. The
least reduction in beneficial bacteria was observed under the magnetic field alone, with only a
5% decrease.

Conclusion: The optimal conditions were 50 mg/L polyaluminum chloride among coagulants, 5
mg/L chlorine among oxidants, and a 3 mT intensity among magnetic field treatments. Among
combined treatments, the most effective condition was 100 mg/L ferric chloride with a 3 mT
magnetic field. The greatest reduction in filamentous bacteria was observed with 50 mg/L
hydrogen peroxide combined with a 3 mT magnetic field, whereas the least impact on beneficial
bacteria was due to the magnetic field alone.

Keywords: Bulking, activated sludge, coagulation-flocculation, oxidation, magnetic fields, SVI,
MLSS
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