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■ Passive nitrogen reduction systems (PNRS) are OSTDS  
that reduce effluent N using reactive media for  
denitrification and a single liquid pump, if necessary.

■ Two stage biofiltration process:
● Stage 1: “nitrify” nitrogen compounds to NO3  

(nitrification)
● Stage 2: “denitrify” NO3 to nitrogen gas (denitrification)

● Stage 2:

nitrification media:  
Sand, expanded clay,  

clinoptilolite

denitrification media:  
elemental sulfur

denitrification media:  
lignocellulosics
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Reduction of nitrate to N2 gas:
Heterotrophic (Schmidt, 2012)

- +
5C6H12O6 + 24NO3 + 24H

12N2 + 42H2O + 30CO2

3.57 g alkalinity as CaCO3  is produced per 1 g NO3-N reduced to N2

Autotrophic (Batchelor, 1978)
NO3

- + 1.10 S0  + 0.40 CO2 + 0.76 H2O + 0.08 NH4
+

0.08 C5H7O2N + 1.10 SO4
-2 + 0.50 N2 + 1.28H+

7.54 g SO42- generated per 1 g NO3-N reduced to N2
4.57 g alkalinity as CaCO3  is consumed per 1 g NO3-N reduced to N2
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Full scale concepts 
complement existing OSTDS

4



PD
-S

w
21

6

*

Underdrain clean‐out

Perforated distribution pipe
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TN Reduction  
Stage 1, 35%
Stage 2b, 89%

prior to  
STU/drainfield
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■ Stage 1 media = expanded clay
■ Stage 2a media = urban waste wood
■ Stage 2b media = 90% sulfur & 10% oyster shell

1500 gallon 1500 gallon
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■ Stage 1 media = expanded clay
■ Stage 2a media = sawdust
■ Stage 2b media = sulfur & oyster shell
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*Tank based PNRS performed extremely well, but large  
tankage requirements make retrofit installation 
expensive

*Desired an in-ground system that could be 
constructed like

*a soil treatment unit (drainfield)

*Conceptual ideas revolved around a vertically stacked  
PNRS, where Stage 1 media was placed over the Stage 
2  media

*Liner could be used to saturate Stage 2 media and 
collect  treated effluent
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Loamy Sand

Septic 
Tank 
Effluent

Silty Sand/ Sawdust 20%

Low pressure dosed distribution lateral

NH3→ NO3
‐

NO3
‐→ N2(gas)

Sampling port



Cover 6‐8”

Nitrify 18”

Denitrify 18”

System Profile
< 48”

Low pressure time dosed shallow drainfield

INFLUENT

EFFLUENT

Mean 8.2 mg/L TN
Median 7.4 mg/L TN



Installation of collection system for sampling port below 
“permeable reactive barrier”
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* Prototype In-ground  
PNRS ConstructionShaping soil for  

liner

Underdrain

Placing sand/ligno mix in
liner
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Prototype in‐ground PNRS performance

Mean results over 8 sample events, 523 days of operation
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Slides 1-9 and 13-14
Florida Department of Health

Division of Disease Control and Health Protection

Bureau of Environmental Health

*Damann L. Anderson, PE

*Josefin E. Hirst, PE 

Slides 10-12
Barnstable County Department of Health and Environment

*Massachusetts Alternative Septic System Test Center 


