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http://www.env.go.jp/en/lar/odor_measure/02_1_4.pdf

Some states have ambient air odor standards 
based on hydrogen sulfide concentrations,…

…but there are other odorous compounds
besides H2S.



http://www.env.go.jp/en/lar/odor_measure/02_1_4.pdf

Other odor standards are based on “dilutions-to-threshold” (D/T)



Dilutions-to-threshold (D/T)

Dilutions-to-threshold is defined as the amount of 
dilution where 50% of the population will perceive 
an odor.  This amount of dilution is determined by: 
1) obtaining an air sample at the source
2) diluting it a known amount with clean air
3) having the diluted sample sniffed by a panel of 
people
4) repeating the dilution until the perception 
threshold is reached.

D/T = 10,000   original air sample is smelly

D/T = 5  original air sample is difficult to smell



Triangle Odor Bag Method



Preparing the bags

Triangle Odor Bag Method



Triangle Odor Bag Method



Sample vs Population



Odor Thresholds



Odor measurement in the field

The “nasal ranger” field olfactometer



http://www.nasalranger.com/Operations/Nasal%20Ranger%20Operations%20Manual%20v6.2.pdf



http://www.nasalranger.com/Operations/Nasal%2
0Ranger%20Operations%20Manual%20v6.2.pdf



http://www.nasalranger.com/Operations/Nasal%20Ranger%20Operations%20Manual%20v6.2.pdf



The instantaneous puffs are 
dispersed by fluctuating wind 
directions.  

Our nose detects the instantaneous concentrations, not the 
long term average values
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Ratio of 1 hr to 5 min 
average concentration 
increases with increasing 
stability at a given 
downwind location

Therefore the 
inverse ratio 
decreases with 
increasing stability

This inverse ratio is 
called the “peak to 
mean” ratio

Odor Models





C5min = (C1hr) * (Peak to mean ratio)







First compute the one-hour average concentration using the standard Gaussian model and 
then adjust this value using the appropriate peak to mean ratio. 

 
Odor mass emission rate from the stack: 
Q = (10,000 OU/m3)* (10 m3/sec) = 100,000 OU/sec 

A source emits odors from a stack.  The concentration of odor in the air inside the stack is
10,000 odor units/m3 (OU/m3).  The volumetric flow rate of air from the stack is 10 cubic 
meters per second.  The effective stack height is 20 meters above the ground.  The wind 
speed of 6 meters per second is measured over rough terrain at a reference height of 10 
meters above the ground.  For an overcast night, find the D/T at ground level at point 500 
meters directly downwind. 
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The peak-to-mean ratio for this case is found by interpolation between the 400 m and 600 
m downwind cases shown for “D” stability:   
 
Peak-to-mean ratio = {10.3 + 7.4}/2 = 8.8 



The 5-minute average odor concentration is described by the standard Gaussian model 
prediction (one hour average) multiplied by the appropriate peak to mean ratio (note that 
for this problem, y = 0 (directly downwind) and z = 0 (ground level) and therefore the 
Gaussian plume equation takes a slightly different form in this special case). 
 
C(x,0,0) = peak-to-mean ratio{Q / (uyzexp{-h2 / (2z 2 
C(500,0,0) = {100,000/ [exp{-(20)2 / [2 2
C(500,0,0)  OU/m3 = 43.6 D/T 
 
Therefore, if the air quality regulations dictate that the D/T be less than 5 at the property 
fenceline, then the stack gas odor concentration needs to be reduced to (10,000 
OU/m3)*(5/43.6) = 1150 OU/m3 (an approximate odor emission reduction of 90%). 









Odor Control Technology



Biofiltration uses microorganisms attached to a 
substrate to degrade contaminants

• Pollutants pass by diffusion and 
advection from the gas to a liquid 
biofilm

• Microorganisms oxidize organic 
compounds to CO2, H2O and new 
cell material

• Removal of odors and sulfides are 
aerobic process with sulfur and 
sulfate as final electron acceptors



Typical size for 85,000 m3/hr stream is 25 m x 30 m

Traditional 
biofilters are 
large and 
relatively 
inefficient

Media height is limited to prevent uneven 
drying of media; this results in very large 
cross-sectional areas



Larger size material needed in traditional 
biofilter to provide porosity

Source: City of Brownsville Source: City of Brownsville 

Sewer Lift Station



Newer biofilters have solid 
phase support to provide 
porosity; they are more 
efficient (and smaller)

Compost inside 1.5 inch 
plastic spheres ~900/ft3



Two Stage biofilters are useful for odor control where 
both VOCs and reduced sulfur compounds are present

• Usually involves a carbon bed in 
series with biofilter

• Eliminates pH problems by 
flushing acidic material

• Biofilter + biofilter (different 
microbial communities)

• Bioscrubber (for H2S) + biofilter





waste gas
liquid nutrient

Water and 
nutrients are 
recirculated

Biotrickling filters are the latest technology

Water and 
nutrients are 
used once



•Excess biomass growth controlled by sloughing

•Humidification of inlet gases is unnecessary

•Nutrients and buffers (pH control) are supplied externally

•High Void Fraction (> 80%)

•High Surface Area per Unit Volume (> 30 ft2/ft3)

•Low Gas-Phase Pressure Drop

Biotrickling filters have potential advantages 
over traditional biofilters



Gap between rod 
and grid promotes 
coalescing drops

Vertical support bar 
provides for spacing 
between grids

12" 12" 12"Standard Module Size:

0.16" 0.16"Smallest Grid Opening:
87.8 %Void Fraction:

7.5 lb/ft3Bulk Density:
75,000/ft3Drip Points:

132 ft2/ft3

(effective biomass up to 300 ft2/ft3
Specific Surface Area:

PolypropyleneMaterial:

12" 12" 12"Standard Module Size:

0.16" 0.16"Smallest Grid Opening:
87.8 %Void Fraction:

7.5 lb/ft3Bulk Density:
75,000/ft3Drip Points:

132 ft2/ft3

(effective biomass up to 300 ft2/ft3
Specific Surface Area:

PolypropyleneMaterial:

Biotrickling filter solid supports have high 
specific surface area but are hard to clog

Installing packing

Plastic Lattice Support



Biotrickling Filter at Sewage Treatment 
Plant (Plastic Lattice Supports)



Non-Thermal Plasma Destruction of VOCs



Non-Thermal Plasma:
Dielectric Barrier Discharge

• Only electrons are ‘hot’.
• Gas can be passed through 

discharge resulting in 
treatment.

• Gas remains relatively cool, 
hence the common  term of 
‘cold plasma’.   Similar to a 
neon sign.

• Active species for oxidation 
include N2

+, O2
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Rendering Plant

12,000 acfm odorous air

Cyclone to remove larger 
particles (fine feathers, etc)

Spray scrubber to remove 
smaller partricles

Non-thermal plasma 
oxidizer(15kW) for 
odor control



Hybrid System to treat VOCs

• 500 ppm Acetonitrile in Air 
with Pt/Pd catalyst in NTP at 
room temp.

• Drawback of NTP is that 
very high degree of organic 
destruction is prohibitive due 
to high energy cost.

• Energy cost for 80-90% 
contaminant destruction is 
manageable.

• Solution is to integrate 
plasma with carbon sorbent. 
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