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Analytical Data: The Biofilter nitrifies the sewage to a residual TKN = 4.4 mg/L and 
removes 41% TN from the sewage (Table 2). Values of cBOD and TSS are <5 mg/L, and 
average DO is high at 6.20. During nitrification, alkalinity decreases from 245 mg/L to 74 mg/L 
and pH decreases by 1.1 units to 6.68.  

After passing through the NOx-LS, at an average NO2,3-N loading rate of 17.3 g/m2/day, 
cBOD, TSS and TKN are slightly elevated to 6.3, 2.8 and 5.4 mg/L, respectively. DO and TN are 
decreased to 0.47 and 5.6 mg/L, respectively, and pH is neutralized from 6.68 to 7.23. Alkalinity 
is produced during removal of nitrate and DO from 74 mg/L to 172 mg/L. 

As designed, the limestone Polisher lowers cBOD and TSS to 4.1 and 1.9 mg/L, 
respectively, and increases pH slightly. 

Table 2. This full-size residential system nitrifies well even in a single pass with no recirculation, 
and the NOx-LS thoroughly removes the nitrate + DO received. N = 25 – 40; for sewage, N = 
187 – 214; T°C = 10.0 – 16.8. 

 pH DO Alkalinity cBOD TSS TKN TN 

Raw 
Sewage 

7.80 -- 245 204 289 52.3 52.6 

Waterloo 
Biofilter 

6.68 6.20 74 3.2 4.2 4.4 30.8 

NOx-LS  7.23 0.47 172 6.3 2.8 5.4 5.6 

Polisher 7.37 0.55 188 4.1 1.9 5.2 5.4 

 

Operative Reaction: Analyses of mass of sulphate produced within the NOx-LS reactor 
and mass of NO2,3-N + DO removed are plotted in Figure 3. Similar to Figure 2, there appears to 
be a simple stoichiometry, and in this case, the slope of the curve is 1.76, not far off the 
theoretical value of 1.69 for Equation 1. The vertical intercept is 12.0 g/day SO4, similar to 9.3 
g/day SO4 in Figure 2. 

Figure 3. Linear relationship between mass of sulphate produced and mass of nitrate + DO 
removed. Slope is 1.76 compared to theoretical 1.69 for very simple stoichiometry. 
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B. 

 

CONCLUSIONS 

Full-scale on-site denitrification systems using the common agricultural mineral additives 
of sulphur and limestone have been successfully tested. An HRT of 8 – 12 hours was found to be 
the minimum without substantial nitrate breakthrough; pH was fully neutralized and little BOD 
and TSS addition resulted. Pore water chemistry and SEM work indicate that the ‘water-rock’ 
reactions in the upflow, submerged reactor are analogous in physical and chemical attributes to 
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an oxidation-reduction roll-front deposit in the natural environment. As nitrate-rich water 
advances through the ‘rock’, both nitrate and dissolved oxygen are reduced as sulphur is 
oxidized, with sulphide as an intermediary, temporary reaction product. 
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