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DPH *What are “passive” nitrogen
=== reduction systems (PNRS)?

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

m Two stage biofiltration process:
e Stage 1: “nitrify” nitrogen compounds to NO,
(nitrification)
e Stage 2: “denitrify” NO5 to nitrogen gas (denitrification)

nitrification media: denitrification media: denitrification media:
Sand, expanded clay, lignocellulosics elemental sulfur
clinoptilolite



DPH ¥ Biological denitrification

of

Reduction of nitrate to N,gas:

Heterotrophic (Schmidt, 2012)
5CeH,,0¢ + 24NO, + 24H
—> 12N, + 42H,0 + 30CO,

3.57 g alkalinity as CaCO; is produced per 1 g NO5-N reduced to N,

Autotrophic (Batchelor, 1978)
NO; +1.10 SO + 0.40 CO, + 0.76 H,O + 0.08 NH,*

> 0.08 C;H-,O,N + 1.10 SO,2+ 0.50 N, + 1.28H*

7.54 g SO,%-generated per 1 g NOs;N reduced to N,
4.57 g alkalinity as CaCO5; is consumed per 1 g NO5-N reduced to N,
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H) “Stage 2 biofilter construction

Connecticut Department
of Public Health
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Underdrain clean-out
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DPH) * Results over 18 months of operation

Connecticut Department
of Public Health

STAGE 1 DISP%RSAL
Stage 2A Stage 2B
Statistical Septic Stage 1 Lignocellulosic Sulfur
Parameter Tank Effluent Effluent Effluent Effluent
Water Quality
Parameter n 12 12 12 12
CBOD, mg/L mean 136.9+£53.0 8.816.2 12.746.6 12.3+8.2
TSS mg/L mean 61.1£21.0 9.4+6.1 5.3+£3.7 4.1+£23 .
TN Reduction
TKN mg N/L mean 70.0£9.8 12.0£7 5 8.7+6.2 6.6+4 4
s Stage 1, 35%
NH, mg N/L mean 62.3+7.3 8.118.2 5.6+6.2 44440 Stage 2b. 89%
7
NO,mg N/L mean 0.1£0.2 33.61+15.5 3.2+4 1 0.8+2.7 prior to
STU/drainfield
TN mg N/L mean (70.1£10.0) @&@ 11.844.4 @i@ /drainfie
.  Sulfate mg/L mean 17815 19.7+3.1 14.7+7.5 37.2117.6
S Fecal Coliform  geomean 48,499 2,764 1,150 409
(Ct/100mL)
TP mg/L mean 9.4+2 1 33+1.5 2.7+1.4 2.6+1.1




P *Flow schematic
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i Stage 2
Septic Tank =
(Primary Treatment) S?él;ﬁiﬁﬂcgﬁgrl;ﬁfr
1500 gallon

m Stage 1 media = expanded clay
m Stage 2a media = urban waste wood
m Stage 2b media = 90% sulfur & 10% oyster shell
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m Stage 1 media = expanded clay
m Stage 2a media = sawdust
m Stage 2b media = sulfur & oyster shell




== __PNRS concepts

*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



Larege scale “permeable reactive barrier”

svstem (Silt-sawdust laver)
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Cover 6-8” “

Nitrify 18"

—System Profile
<48”

Denitrify 18”

Total Nitrogen Unsaturated Layer Cake vs. Influent
70

60

50

40 INFLUENT Mean 8.2 mg/LTN

Median 7.4 mg/LTN
30

20

EFFLUENT

0 20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380
Experiment Day

bl G Gy 1 1 —8 Final Effluent - TN —8~ Channel Influent - TN



Installation of collection system for sampling port below
“permeable reactive barrier”
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* Prototype In-ground
PNRS Construction
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Prototype in-ground PNRS performance

Mean results over 8 sample events, 523 days of operation
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