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Using Entrapped Cell Systems for Treating 
Supernatant from Anaerobic Digester of the 

Moorhead Wastewater Treatment Plant  
 

Project Description 
 
The scope of this research consists of studying the use of entrapped cells to treat 
supernatant from Moorhead Wastewater Treatment Plant sludge digesters. There are a 
number of benefits to side stream treatment of this supernatant: Accommodation of lower 
flows; prevention of shock to the mainstream biological process; and prevention of the 
bypass of ammonia to the river. Cell entrapment is a process which has been applied to 
domestic wastewater for the removal of both organic carbon and nitrogen. This is the first 
study to apply the cell entrapment process to highly concentrated wastewater. The main 
focus of this research is on the removal of nitrogen from Moorhead Wastewater 
Treatment Plant supernatant. Typically nitrogen is removed through a series of biological 
processes, nitrification followed by denitrification. Entrapped cell systems can follow this 
conventional configuration or nitrification/denitrification can be performed in a single 
reactor. The oxygen diffusion limitation of the entrapment matrix creates an environment 
in which both nitrifying and denitrifying bacteria can coexist.  Both conventional two-
step and simultaneous nitrogen removal are investigated in this research. 
 

Progress of Work 
 
In addition to the comprehensive literature review which began before and will continue 
throughout this fellowship, a substantial amount of time and energy has been spent in the 
Environmental Engineering Laboratory, North Dakota State University and at the 
Moorhead Wastewater Treatment Plant. The research progress thus far is briefly 
described below. 
 
The characteristics of the supernatant are of importance. Therefore, a statistical analysis 
was performed, using the SAS Enterprise Guide, on data obtained from the plant. The 
results are presented in Table 1. The data used were based on the total population of 
samples collected and tested between January 1, 2005 and September 19, 2005. 
 
 
 
 
 
 
 

 
 



Table 1 Statistical Analysis Results 

 
 Note: TS, are in %; TVS, are in % of TS; COD, are in mg/L; TBOD5, are in mg/L; TSS, are in mg/L;  
            NH3-N, are in mg/L as nitrogen  

 
Nitrifying and denitrifying bacteria were cultivated initially using synthetic wastewater 
until sufficient biomass was obtained, approximately 3 months. After testing the activity 
of the bacteria (data not shown), they were then entrapped both separately and combined 
(1.5 nitrifier mass:1 denitrifier mass) into a cellulose triacetate matrix. The activity of the 
nitrifying bacteria after entrapment was virtually zero and suggests that the procedures 
for entrapping nitrifying bacteria in cellulose triacetate may substantially reduce their 
activity.  It was decided that calcium alginate matrix should be explored in further 
entrapment experiments. 
 
Once again, nitrifying and denitrifying bacteria were cultivated until sufficient biomass 
was obtained, approximately 3 months. For the denitrifying bacteria, synthetic 
wastewater was used as before but for the nitrifying bacteria the supernatant from 
Moorhead Wastewater Treatment Plant was used. After testing the activity of the 
bacteria, they were entrapped, both separately and combined, into a calcium alginate 
matrix. The pre-entrapment activity test results are shown in Figures 1 and 2. 
 
Both activity tests illustrate that the bacteria are performing as expected. It should be 
noted that the nitrifying culture appears to be composed of mainly ammonia oxidizing 
bacteria because there is an accumulation of nitrite. This is often seen in high 
concentrated ammonia wastewater due to the fact that ammonia levels are toxic to nitrite 
oxidizing bacteria. 
 
Denitrifying bacteria require organic carbon as electron donors to remove nitrogen from 
wastewater. It can be seen from the statistical analysis (Table 1) that there is a significant 
amount of chemical oxygen demand (COD) in the supernatant. However, based on 
corresponding biochemical oxygen demand (BOD), which was very low, most of COD 
was biorecalcitrant. “Hard” COD is the description typically given to the COD found in 
sludge digester supernatant. “Hard” referring to the difficulty microorganisms have in 
consuming this organic carbon. The source of organic carbon is currently being 
investigating for the denitrifying bacteria in an entrapped cell system. A study of the co-
entrapped systems for nitrogen removal with and without the addition of methanol as a 
carbon source is the latest experiment. Due to the fact that the experiment is not complete 
the results will be reported at a later date. 
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                                                                                                                    Figure 2 Nitrification Activity Test a) pH & DO b) Nitrogen 
 
 
 
 
 
 
c) 
 
 
Figure 1   
Denitrificaiton Activity Test a) pH & DO  b) Nitrogen c) COD 

Work Remaining 
 
The work remaining for this fellowship includes the completion of the activity and 
carbon utilization kinetics. Two experiments for the activity and carbon utilization 
kinetics have been complete. It is estimated that two or three more experiment are require 
to obtain solid data for analysis.  After each experiment, a representative sample of 
entrapped cells is collected and stored. These samples are to be analyzed using 
fluorescence-antibody labeling, detecting the spatial location of nitrifying and 
denitrifying bacteria and possible shedding light on the interaction between the bacteria 
in the entrapped cell system. After or during the fluorescence experiments, the reactors 
will be setup and operated in a CSTR configuration and data collected. The data shall be 
analysis to determine to most feasible configuration and a paper will be submitted to 
report the findings. 
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