
Introduction and Background

Problem Statement
The size of an alginate bead will determine the quantity of algae cells
present within each bead which will limit the treatment capacity of each
bead. The size also determines the surface area available for the transfer of
nutrients between the membrane of the beads. Determining which bead
will have a greater treatment capacity will inform manufacturers in the
future the best parameters for alginate beads so that they may more
effectively remove excess nutrients in wastewater.

Wastewater is often high in nutrient concentrations and algae can be used
to reduce these concentrations and subsequently be used as a biofuel.
Algae in the form of alginate beads is a technique that increases efficiency
of this nutrient removal and reduces the complications associated with
removing algae from the water. It has been proven that algae can more
effectively remove nutrients such as nitrogen and phosphorus when its
growth is limited within an alginate bead. This project aims to look at the
effect of the bead size on its removal efficiency.

Methods
• Two different syringe type sizes were used to make 75ml of Alginate 

beads (2.5% Alginate and 2.5% Calcium Chloride solution) 
• Small beads were 2.0 mm diameter (SA = 12.6 mm2; V= 4.2 mm3)
• Big beads were 3.5 mm diameter (SA = 38.5 mm2 ; V= 22.4 mm3)

• Beads were placed in a reactor with 1L of secondary effluent 
wastewater without chlorination for two weeks

• Air was bubbled through the reactor at a constant rate and the beads 
were exposed to LED lights 12h/d

• Nutrient concentrations (Total Nitrogen, Phosphorus, Ammonia, Nitrate 
and Nitrite) were measured every two days to assess the removal 
overtime

• Hach kits were used to measure total nitrogen and ammonia; ion 
chromatography was used to measure phosphorus, nitrate, and nitrite

• Biotech Cytation 5 was used to visualize the chlorophyll growth within 
the beads before and after the experiment was complete
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Conclusion
Based on the conditions in this experiment, there was not a measurable difference between the
different size beads and their treatment capacity. Total nitrogen decreased from 12 mg/L to 8 mg/L for
a total decrease of 4 mg/L. Ammonia decreased from 6 mg/L to 0 mg/L and nitrate increased from 6
mg/L to 8 mg/L. The increase in nitrate concentrations (2 mg/L) offsets the increase in ammonia (6
mg/L), resulting in a net nitrogen removal of 4mg/L. The concentrations of nitrite and phosphorous
were not high enough for significant results. Future work is being done with wastewater of higher
nutrient concentrations to determine if this will have a different impact on the results of the
experiment.
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Limitations
• Low initial concentrations of nutrients in wastewater
• Perfectly spherical beads are difficult to create
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