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Sulfide oxidizing bacteria

H,S + 20, > SO,% + 2H*

Oxidize hydrogen sulfide to sulfuric acid
Require oxygen for growth
Obtain carbon from CO,

Prefer to grow on effluent surface where
rising H,S meets O,



Thiobacillus

Daniel Keymer, UW-Stevens Point

a genus of small rod-shaped
bacteria that live in water,
sewage, and solls, derive energy
from oxidation of sulfides,
thiosulfates, or elemental sulfur,
and obtain carbon from carbon
dioxide, bicarbonates, or
carbonates in solution



Sulfate reducing bacteria

BOD + SO,2 + 3H* > 2CO, + 2H,0 + H,S

Reduce sulfate to hydrogen sulfide

Require absence of O, for growth (anaerobes)

Must obtain organic carbon for —FEsSER ISR
growth from BOD B \ Tt N 7

Consume acidity



Crown corrosion in sanitary sewers
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Cover corrosion in a septic tank




Succession of microbes with pH
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Conceptual overview
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H,S gas concentration effect on MICC

G. Jiang et al. (2015)
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H,S gas concentration effect on MICC
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Figure 14. Corrosion rate, r, as a function of Average H,S concentration.



Conceptual overview
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Mature scum layer
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Primary triggers in septic systems
with gravity distribution

Effluent filters Open outlet baffles




Objective 1

Test how capping top of effluent
filter affects H,S gas magnitude and
distribution



Field measurements

H,S gas concentrations  Air velocities from vents




Site 3 system layout (Oostburg, WI)

Vent

Vent present B no vent found O
Description:

House

Distance: 14 feet

House

2 story, 3 bdrm

4 occupants

0.46 acre lot, 0-6% slopes

sanitary crock in basement

no bed/bath/laundry in basement
well water, water softener

no iron filter

forced air furnace

Slope: 15% Distance: 20 feet
\ Slope: 4.9%

Septic Tank

SepticTank Age: 16 years
Dimensions: 1500 gallon Ledgeview,

2 compartments, Orenco effluent filter
Condition: corrosion on riser over outlet

Soil Treatment Age: 16 years

Type: Infiltrator system

Dimensions: Two 100 ft by 3 ft trenches,
one vent

Oakville loamy fine sand

\

—— Soil Based Treatment




Site 3 pre-modification

q

Vent

:4_[I_FHE|\: w ................................................ | -

Septic Tank

Existing design
Open baffle at inlet of septic tank, Orenco effluent filter at outlet of

septic tank, evidence of corrosion in riser over outlet, Infiltrators with
one vent in distribution field










Site 3 — Objective 1

Vent Observation pipe Field vent

................................................ ﬂ....ﬁ
/
Sealed filter % ......................................................... —
_ Modified design - open filter
Septic Tank Polylok PL-525 effluent filter without sealed cover installed.

Vent Observation pipe Field vent

................................................ ﬂ....ﬁ

N L 3

Sealed filter

Modified design - sealed filter

Septic Tank

Polylok PL-525 effluent filter cartridge with sealed top installed.




Outlet Riser Conventional unsealed filter

Sealed filter cartridge installed
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Hydrogen sulfide mass emitted Unsealed filter

Sealed filter cartridge installed
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Objective 2

Test how capping outlet tee baffle
affects H,S gas magnitude and
distribution




Site 1 system layout (Random Lake, WI)

Vent

Vent present B no vent found O
Description:

House

Distance: 9 feet

House
2 story, 4 bdrm
5 occupants

0.7 acre lot, 1-4% slopes
sanitary crock in basement

laundry, first floor and basement

well water, water softener

no iron filter

forced air furnace

Septic Tank

_\

Distance: 67 feet
Slope: 1.4%

Distance: 0-6 ft

D Box

Soil Treatment Age: 30 years

Type: Four inch pipe over 6 inches of stone
Dimensions: 54 ft by 18 ft bed, 3 pipes,

6 ft separation, 0.32% slope, one field vent
Hochheim silt loam

\
\

Septic Tank Age: 30 years
Dimensions: 1000 gallon Ledgeview,
1 compartment

Condition: deterioration on riser over
outlet

D Box Age: 30 years
Material: concrete

on concrete cover

Condition: evidence of deterioration

— Soil Based Treatment




Site 1 pre-modification

B L E—

Septic Tank

Existing design
Open baffles at inlet and outlet of septic tank, evidence of

corrosion in riser over outlet, one vent in distribution field




Bottom side of cover of tank




Existing open baffle at septic tank
outlet




fied

outlet baffle

New mod



New
offset
vent
added to
existing
effluent
line



Site 1 - Objective 2

Offset Vent

Capped vent

Field vent

Septic Tank

Existing design

Capped PVC tee baffle at outlet of septic tank, offset vent

between septic tank and D Box, capped vent on D Box.

Offset Vent

Capped vent

Field vent

Septic Tank

Modified design
Uncapped PVC tee baffle at outlet of septic tank.
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Pre-Modification (2018)
« Qutlet riser = 10 ppm

Post-Modification
« Qutlet riser = 0.6 ppm

One year later (2019)
e Qutlet riser = 0.06 ppm

Outlet tee uncapped
(2022)

e Qutlet riser = 34.1 ppm



Objective 3

Test how adding odor filter to
modified vents affects H,S gas
magnitude and distribution



Site 5 system layout (Plymouth, WI)

Vent present B no vent found O

Description:
Vent

Soil Treatment Age: 28 years
Type: Perforated pipe over 12 in. stone
Dimensions: 3 trenches, 80 ft by 5 ft with 5 ft

H Distance: 10.5 feet separati.on, 9.27% slope, one field vent

oUss w Distance: 1235fest | HoENNGIM Siktloam
\ Slope: 2.5%

House

1.80 acre lot, 2-6% slopes \

Septic Tank

— Soil Based Treatment

Septic Tank Age: 28 years

Dimensions: 1200 gallon Ledgeview, 1 compartment, Orenco
biotube replaced original Zabel A-100 effluent filter in 2022
Condition: deterioration necessitated replacement of concrete
riser over septic tank outlet in 2022




Site 5 pre-modification

—

\
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| Filter Ei

Septic Tank

Effluent line vent Field vent

Existing design
Sealed Orenco Biotube effluent filter at outlet of septic tank,
open vent in effluent line, and one open field vent.




Biofilter installation




Biofilter installation




Site 5 — Objective 3

Effluent line vent

—

— |
\
| Filter Ei

Septic Tank

Biofilter

Field vent

with inflatable plug.

Modified design - effluent line vent
Open effluent line vent and field vent. Biofilter chamber
installed and covered in mulch. Vent line to biofilter sealed

Effluent line vent

Carbon filter$ -

—

— |
\
| Filter Ei

Septic Tank

Biofilter

Field vent

and distribution field.

Modified design - carbon filter
Carbon filter added to effluent line vent between septic tank




Carbon filter added Elid
to top of effluent |
line vent pipe




Outlet Riser Effluent line vented Carbon filter on effluent line vent

Objective 3 8- s oo
results
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Objective 4

Test how capping modified vents
affects H,S gas magnitude and
distribution




Site 5 — Objective 4

Effluent line vent

—

—
—_— ﬂ:
Filter

Septic Tank

Biofilter

Field vent

with inflatable plug.

Modified design - effluent line vent
Open effluent line vent and field vent. Biofilter chamber
installed and covered in mulch. Vent line to biofilter sealed

Capped effluent line vent

—

—
—_— ﬂ:
Filter

Septic Tank

Biofilter

Field vent

biofilter chamber.

Modified design - capped vent
Capped effluent line vent. Inflatable plug remained in pipe to




Outlet Riser Effluent line vented | Carbon filter on vent |  Capped effluent line vent
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Objective 5

Test how in-ground biofilters affect
H,S gas magnitude and distribution



Site 5 — Objective 5

Effluent line vent

—

— |
\
| Filter Ei

Septic Tank

-

Septic Tank

Filter

Biofilter Field vent

Modified design - effluent line vent

Open effluent line vent and field vent. Biofilter chamber
installed and covered in mulch. Vent line to biofilter sealed
with inflatable plug.

Biofilter

Field vent

Modified design - in-ground biofilter

Capped effluent line vent. Removed inflatable plug from line
entering the biofilter chamber.




Biofilter emissions sampling




Chamber Inlet Chamber Cover

Inside biofilter entrance Inside hood over mulch surface
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Outlet Riser Effluent line vented | Carbon filter on vent Capped effluent line vent Biofilter on effluent line
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Primary conclusions

Open baffles at septic tank outlet
should be replaced by capped baffles

Effluent filters should be covered to
reduce H,S gas release in septic tank

Carbon filters are effective at reducing
odors from vent pipes without
exacerbating MICC



QUESTIONS
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