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Abstract

Air emission controls using biotechnology is a new focus area for publicly owned treatment works (POTWs), especially now with many
Federal, State, and Local air quality laws and regulations that often require significant air emission reductions for a new plant or collection
system source to be permitted. CH2M HILL and others have collected biotechnology-based odor and air emissions control performance
data over the last 4 years to track performance of various biofilters and biotowers as those technologies have evolved and emerged over
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ime. Specifically, odor removal performance data have been collected from soil, organic, and inorganic media biofilters and iner
edia biotowers. Results indicate that biotechnology-based odor control is a viable and reliable technology capable of achieving h
erformance for hydrogen sulfide (H2S) as well as various other broad spectrum odor-causing compounds. While control of other air e
uch as overall volatile organic compounds (VOC) and hazardous air pollutants (HAP) is feasible, typically removal efficiencies of
AP are lower than those observed for typical odorous compounds such as H2S. In many cases, a biotechnology device is removing o
t very high levels while the same device has relatively lower removals of other air emissions. Properly designed biofilters evalua

he testing showed high levels of removal for both H2S and overall odor if sufficient contact time is provided. Biotower systems teste
rovide high removal rates for H2S at substantially reduced contact times compared to biofilters, but they show overall lower remo

or other odor-causing compounds. Some lessons learned and rule of thumbs on the differences among types of biofiltration u
rovided.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Wastewater collection and treatment systems often gener-
te offensive odors, resulting in complaints from neighbors.
ollection systems transport wastewater from residences,
ommercial and industrial facilities to wastewater treatment
lants (WWTPs) for processing. Collection systems can in-
lude force mains, through which wastewater is pumped, and
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gravity sewers, through which the wastewater flows w
out pumping. Odors from collection systems generally c
from anaerobic decomposition.

Both collection and treatment systems typically emit tr
amounts of air emissions. Air emissions from the waste
ter treatment plant are well understood, while air emiss
from the collection system are not. Two general types o
emissions are regulated by federal, state, and region
quality agencies: criteria pollutants and hazardous or
pollutants. A third type of air quality indicator – odor
is not specifically addressed under air quality regulati
other than by public nuisance requirements. Most of
odors generated within the collection system are su
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based compounds, the predominant compound often be-
ing hydrogen sulfide (H2S). Other sulfur-based compounds
found in lower concentrations can also cause odor com-
plaints because they are detectable at very low levels and
tend to disperse below nuisance concentration levels rel-
atively slowly. These compounds can also be difficult to
treat. They are the family of total reduced sulfur (TRS)
compounds that include methyl mercaptan, dimethyl sul-
fide, dimethyl disulfide, ethyl mercaptan, carbon disulfide,
and carbonyl sulfide. Air emissions from the collection sys-
tem results from air stripping, wastewater turbulence, and
some byproducts of biologically mediated processes seen
in the collection system and breakdown of volatile organic
compounds. Odors and air emissions from collection sys-
tems can be released from manholes or transported in the
wastewater to the WWTP, where they are released at the head-
works.

In addition to sulfur-based odorous compounds, nitrogen-
based compounds also can cause odors. Nitrogen-based odor-
ous compounds include ammonia, the amine family of com-
pounds (such as ethyl amine, trimethyl amine), indole, and
skatole.

Odors are generated in WWTPs when the wastewater turns
septic because of excess time spent in clarifiers, because of
anaerobic decomposition of solids, or because of decomposi-
tion of nitrogen compounds, such as proteins, releasing am-
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As odorous air and air emissions pass through the biofiltra-
tion system, odorous and air emission compounds are re-
moved and then oxidized by the microbes growing on the
media. There are two main types of biological control units:
biofilters and biotowers (biotrickling filters). The remain-
der of this paper describes design criteria and performance
data collected for full-scale biotechnology-based odor and
air emisisons control at WWTPs and from collection system
applications. Performance data are summarized for various
biofilters with different media as well as for biotower sys-
tems.

Biofilters have shown proven ability to remove hydrogen
sulfide, methyl mercaptan, and other reduced sulfur com-
pounds. VOCs also have been successfully controlled[1–4].
Torres reported VOC removal rates in organic media biofil-
ters ranging from 73 to 82% when measured in terms of non-
methane hydrocarbon reduction. Wani et al.[1] reports biofil-
ters providing VOC removals in the range of 52–99% VOC
removal for various systems. Kraakman[4] reports bioscub-
ber air emissions from 40 to 80% with removal rates being
compound-dependent. Reported hydrogen sulfide removal
rates are typically high, exceeding 98 and reaching 99% or
even greater[7]. Overall odor removal in terms of dilution-to-
threshold reduction are often reported above 80%, with val-
ues as great as 99%[8,9]. Biofilters have been successfully
tested and commercially installed in industrial applications to
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onia and other nitrogen-based odorants. The same bi
al mechanisms and physical conditions inside the colle
ystem can release air emissions.

Other sources of odor in a WWTP include dewater
olids handling, and further processing, such as alkaline
ilization or composting. Each of these unit processes
elease different odorous compounds; nonetheless, nui
dors are generated. The focus of this paper is the pe
ance of full-scale biotechnology-based odor and air e

ions control systems operating at WWTPs and collec
ystems to treat sources of nuisance odors. Typically bio
ology has not purposefully been used to treat other air e
ions, but incidental air emissions removal often occu
hese same devices as they treat odors. Some resea
ave seen as great as 90% air emission reductions in
pecifically designed for air emission biotechnology app
ions [1–3]. A bioscrubber vendor also has data that sh
oth high odor (>95% odor removal) and lower air em
ions removals (in the range of 40–83% removal that is V
ompound-dependent)[4].

. Background

Biofiltration has become a popular choice for trea
dorous air streams[4,5]. Others believe it can be used

reat air emissions, as well. Biofiltration is becoming p
lar because of improving reliability of these systems,
ecause it is a “green” technology that uses no chemical
reates no issues of potentially hazardous media disp
s

emove solvent VOC emissions such as toluene and et
10]. Studies have indicated that biofilters may be more
ble for removing both VOC and odor emissions than o

echnologies, such as wet scrubbers[2].

. Biotechnology-based odor and air emissions
ontrol design criteria

Biofilters are traditional solid media systems that
rganic-based media such as compost, bark or woodch
ther proprietary vendor-supplied media. In both biofil
nd biotowers, the media provides the home for the micr

hat consume the odorous compounds. In a biofilter sys
he media itself provides the trace nutrients such as orga
itrogen, potassium, and phosphorous that the microbes

o thrive. In biotower systems, these nutrients are prov
n the humidification make up water spray itself or by s
lementing the recirculation water with trace nutrients. T

s often accomplished by using wastewater plant effluent
er which carries sufficient trace nutrients, but can als
rovided by nutrient supplemented potable water.

Much of the following design criteria discussion can
pplied to both technologies. Several parameters need
onsidered when designing biofilters and biotowers to en
hat the optimum conditions are provided for efficient op
ions. These factors all have one main goal: to provide a
ble environment to sustain the microorganisms respon

or the biofiltration process. A number of these key fac
re considered in the following paragraphs.



C. Easter et al. / Chemical Engineering Journal 113 (2005) 93–104 95

3.1. Sizing and contact time

Biofilters are sized to provide sufficient contact time for
the odorous and air emission compounds to be absorbed, ad-
sorbed, and biodegraded. Contact time typically is character-
ized as the empty bed residence time (EBRT) and is repre-
sented by:

EBRT = AD

Q

where EBRT is the empty bed residence time (s),A the area
of bed (m2), D the depth of bed (m), andQ is the odorous air
flow rate (m3/s).

EBRT requirements depend on the ability of biofilter me-
dia to complete the biodegradation process and are also a
function of the allowable vertical velocity in the bed which
impacts both treatment characteristics and pressure loss in the
media. Another way of expressing the superficial velocity is
as a volumetric loading rate, LR, represented by the equation:

LR = Q

A

where LR is the loading rate (m3/(h m2)), Q the odorous air
flow rate (m3/s),A is the area of bed (m2).

EBRT for odorous compounds typically found in wastew-
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presented in this paper for systems with EBRTs from 1.7 to
37 s.

3.2. Temperature

Operation of a biofilter or biotower depends on gas and
media temperatures. Microorganisms operate efficiently at
temperatures ranging from about 15 to 30◦C. The higher the
temperature, the higher the metabolic rate and the biodegra-
dation rate up to a temperature of about 40◦C. At temper-
atures below 15◦C, the biological systems begin to slow
down significantly, reducing treatment efficiency. At tem-
peratures above 40◦C, the type of microbial system shifts
from mesophilic to thermophilic bacteria, also potentially
reducing odor removal performance. Conversely, solubility
and adsorption rates decrease with increasing temperature.
Biofilters and biotowers receive most of the heat required to
maintain bed temperature from the odorous air and the rest
from the metabolic activity of the microorganisms. Control-
ling odorous air temperature is important, and is discussed in
Section3.3.

3.2.1. pH considerations
Biofilter pH should be maintained at or near neutral to fa-

cilitate maximum microbial activity required for maximum
odor and air emissions controls. Hydrogen sulfide-degrading
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ter collection and treatment systems varies with the sy
oading, the type of system and the media selection. Fo
round open vessel biofilters, EBRTs of 30–120 s are f
ommon, with a nominal EBRT of 60 s. Higher EBRTs are
uired for soil-based media systems. For closed vessels
ropriety organic-based media, EBRTs of 30–60 s are f
ommon. The data presented in this paper suggest that E
elow 45 s may be cutting into required safety factors to m

ain reliable odor treatment. These, rule of thumb EB
re typical for normal wastewater treatment odor app

ions. More challenging industrial applications may req
BRTs longer than 10–30 min to attain 90% air emiss

emovals for slowly biodegradable compounds[11]. These
nclude certain species within the classes of compounds
s: phenols, acrylates, styrene, terpenes, aromatic hyd
ons, cyclic aliphatic hydrocarbons, and halogenated hy
arbons.

The appropriate LRs vary with type of media. F
oil media, LRs of 15–50 m3/(h m2) are common, whil
5–90 m3/(h m2) are common for organic media used in o
essel systems. Larger LRs of 150–400 m3/(h m2) are com
on for proprietary media used in closed vessel syst
BRTs and loading rates reported in this paper are bas
eld observation and experience but can vary significa
ith each application. Designers are urged to conside
ature of each application, including evaluation of the c
lexity of the odorous air stream and temperature.

Recent data presented in this paper show that biot
ystems are being designed for EBRTs substantially l
han that of biofilter systems. Biotower performance data
-

ompounds can survive at pH levels as low as 2, while
ogical degradation of other compounds commonly requ
near neutral pH. Therefore, for air emissions removal, m

toring must be conducted to ensure the pH stays in the r
f about 6–7.5.

.3. Moisture (temperature) control

Moisture control is one of the most important aspect
aintenance for biofiltration media, if not the most imp

ant, particularly for natural media. Media that is too dry w
ot support a diverse and robust microbial community. M

hat is too wet can become too dense, resulting in compa
educed porosity and high back-pressures. Perhaps mo
ortant of all is to provide a ‘stable’, moist environment
eneral range of 40–70% moisture content is considered

cal for organically based media based upon literature re
ith a target of 40–60% typically reported[12].
If not humidified to near 100% relative humidity, airflo

hrough the biofilter can rapidly strip moisture from the m
ia. Drying can occur rapidly at even modest airflow ra
he net effect will be adverse impacts on the microorg

sms and reduced odor removal. Conversely, warm hum
treams passing through media in a cool environmen
ondense large volumes of water that must be consid
hen setting irrigation rates.
Preconditioning (pre-humidifying) the inlet air stream

ecommended to maintain the required moisture in the b
er media bed. Alternatives for pre-humidifying the air
lude spray nozzles in the biofilter inlet air duct, spray ch
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bers ahead of the biofilter, or water-only packed tower scrub-
bers in front of the biofilter. Pre-humidification alone will not
be sufficient at high loading rates of exothermic biodegra-
dation reactions or with open top biofilters exposed to arid
sunny climates[6]. In these instances, top-mounted irrigation
or soaker hoses may be needed as well.

Humidification control in biotowers serves two purposes:
moisture management and nutrient supply. Humidification
is typically provided either by once-through make-up water
supplied by timed spray nozzles, or by make-up water added
to a sump with the sump contents being recycled (pumped)
over the media and blowdown wasted to drain. In either case,
the once-through or recycled water moistens the media and
provides the trace nutrients. The water supply provides the
trace nutrients required by the microbes, since the biotower
media itself is typically completely inert.

3.4. Airflow distribution

Even airflow distribution is important in biofilters and
biotowers to ensure that uniform odorous gas and air emis-
sions loadings within the media bed. Biofilter air flow dis-
tribution systems for in-ground open vessel systems usually
consist of a network of perforated plastic piping laid below
the bed and surrounded by crushed stone. Biofilter systems
that use concrete tanks usually have a slotted or grating type
s rete
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It is worth noting that permit limitations may have to be
considered for biotechnology applications that discharge to
collection systems. For instance, in Los Angeles designers
had to consider pH limitations established for discharges into
collection systems[13]. In that instance, typically low pHs
characteristic of biotower blowdown and biofilter leachate
could not be discharged untreated into collection systems.

3.6. Media selection

The selection of media for biofilter applications has
evolved over time and continues to evolve. Materials such
as soil, peat, bark, wood chips, compost, and heather, and
inert additives such as perlite, lava rock, and plastics all have
been used as media for biofilters. The most common media in
successful biofilters are soil, bark, wood chips, and compost.
Often media is a combination of these components. Synthetic
materials such as plastic, polyurethane, or polyethylene pack-
ing are seeing field application in newer biotower systems.
Performance data are presented herein for biotowers using
lava rock, plastic foam, and polyethylene foam media.

A good biofilter medium should:

• support a large diverse microbial population;
• provide pH buffering capabilities;
•
•
•
•
•
•
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ystem for air distribution. In those systems, the conc
oor and walls form a plenum for even air distribution. T
lenum also serves to collect leachate from the bed.

Air distribution in biotower systems is very similar
hemical packed tower scrubbers, with the media supp
n grating. Airflow can be upward through the media, bu
ome cases vendors promote downward flow.

.5. Leachate control and drainage

Excess moisture drains out the bottom of the biofi
he excess moisture can be from the humidification sys

rom precipitation, if the biofilter is an open vessel confi
ation; or even condensation from warm saturated air
ling through cool biofilter media. The liquid or leach
an be acidic because the formation of sulfuric acid
ther acidic compounds as a byproduct of the biodegrad
rocess. Leachate, which is acidic, must be contained

ected and disposed of. In-ground open systems are us
quipped with liners to prevent the leachate from leaking

he ground. Liners typically are manufactured of high d
ity polyethylene. Alternatively, biofilters are constructe
oncrete, FRP, HDPE or stainless steel vessels that colle
eachate. Drainage piping must be adequately sized to h
he maximum expected drainage load, including worst
ainfall. The media likewise must drain freely to allow rele
f excess moisture. The leachate is typically discharged

nto the flow to the collection system or plant headwo
here it is a relatively minor contribution to the overall pl
ow and load and its acidic characteristic is quickly dilut
have the ability to retain microbes;
be physically stable;
have a low pressure drop;
produce clear drainage water (leachate);
drain freely, releasing excess moisture;
have high bearing-strength.

The media selection involves a number of elective
isions, including media ingredients, particle sizing, cro
ectional depth, surface loading rate per square meter, p
ty, desired service life, and local availability (cost). Prop
ies of media selected are dependent on the air stream
cteristics, including contaminants of concern and load
ates.

.6.1. Soil biofilter media
Some soil biofilters reportedly have been operating n

top for more than 20 years in Europe and also in Wash
on state[5]. According to soil-based biofilter proponent
oils are physically and chemically more stable than co
ost. Stability reduces compaction and shrinkage and all
oil biofilters (typically with sandy soil) to have a long lif
xpectancy (10–20+ years). This is a key advantage over

cal compost style filters, which have to be replaced ev
–5 years. Soils also provide good buffering of pH witho

urther amendment. The primary disadvantage of in-gro
open vessel) soil biofilters is that they have low allowa
as loading rates and as such can be very land intensive. G
are is also required to avoid soil components that will cem
articles together when exposed to low pH leachate.
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3.6.2. Organic-based compost style biofilter media
Compost biofilters were first used in Germany in 1967 and

have gained wide acceptance in Europe, Japan, New Zealand,
and, more recently, in North America[14]. Compost consists
of various organic materials and has a greater concentration
and diversity of microorganisms than soil, which makes it
advantageous as a medium in biofilter applications. Compost
particles have large surface areas, and bulk compost has high
air permeability, high water permeability, and good buffering
capacity. These characteristics can be enhanced by blending
compost with bark or wood chips as a bulking agent. Be-
cause of these characteristics, a smaller filter area may be
required for a compost- or organic-based biofilter, as com-
pared to a soil biofilter in a similar application. Potential dis-
advantages of compost biofilters include odor releases from
immature and un-aerated compost, short-circuiting problems
in compacted beds, and a generally shorter media life com-
pared to soil bed or inert media systems. Higher organic-
based content is often required for better air emissions re-
movals.

3.6.3. Synthetic materials
Synthetic material such as plastic packing material, ce-

ramics, and activated carbon pellets have been used as media
in biofilter applications. Such media must typically be inoc-
ulated initially with soil, compost, or sewage sludge to assist
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ing six soil-based biofilters, 11 organic-based biofilters and
17 inorganic/inert media biotowers. Several of these sites
also looked at air emissions reductions, as well. But, none
of the test sites specifically were designed for air emissions
removal only. All biotechnology-based odor control systems
tested were treating foul air collected from wastewater treat-
ment plant process units. Sources of odorous and air emis-
sions loads included wastewater collection system lift station
wet wells, plant headworks facilities, primary clarifiers, trick-
ling filters, sludge dewatering facilities and sludge storage
tanks.

The performance data collected include total odor, air
emissions, and compound-specific removal efficiencies.
Sampling consisted of a combination of whole air bag
sampling for odor and total reduced sulfur (TRS) com-
pound analyses and on-site measurement of H2S, with sam-
ples taken from the 200 mm stack of a sampling hood
(1.2 m× 0.6 m× 0.4 m). Whole air samples were collected
in preconditioned Tedlar bags (10 L for odor samples and
1 L for TRS samples) using a vacuum chamber. Bag samples
were shipped overnight to a testing laboratory and analyzed
within 24 h of collection. Laboratory analysis for odor used
the odor panel method and followed ASTM E-679-91 “De-
termination of odor and taste threshold by a forced-choice as-
cending concentration series method of limits.” Reduced sul-
fur compound speciation and quantification was completed
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m at-
evelopment of the microbial cultures. In fact, synthetic
erial typically is only a fraction of the media mix for biofilt
ystems. Synthetic media materials are low in nutrients
ared to native soil and compost style systems. It ma
ecessary to supplement the media with chemical elem
nd nutrients for effective biofiltration to occur. A signific
dvantage of synthetic materials is that they can be man

ured to more uniform particle sizes and generally will ha
ore even pore size distribution compared to soil or com
edia. Synthetic materials (including typical soil media)
ydrophilic when dry and easily rewetted, so that inadve
rying is not catastrophic as it might be in some com
edia systems.

.6.4. Biotower media
Biotower media typically are manufactured from s

hetic materials that have high surface area per unit vo
>200 m2/m3), high void volumes, low air flow resistanc
ood chemical resistance, and good structural propert
aintain the integrity of the media. Typical media inclu

ava rock or polyurethane foam systems. Some manufac
re also experimenting with high surface area polyethy
edia similar to packed tower scrubber systems and mix
f porous clay balls with polyethylene packed tower me

. Performance data

Performance data have been collected from a total o
perating biotechnology-based odor control systems in
sing laboratory procedures adhering to EPA Method 1
nd using gas chromatography/flame photometric dete
n-site field measurements of H2S were performed using a
rizona Instrument Jerome 631-X H2S Analyzer. Air emis
ions/VOC analysis also was completed for one soil bio
nd three biotower systems following modified EPA Met
4/15.

.1. Biofilter performance data summary

Figs. 1–3contain performance data compiled for s
ased, and organic-based biofilters. Removal data are
ided for total odor, H2S, and for three TRS organic co
ounds routinely detected: mercaptans, carbonyl sulfide
imethyl sulfide. For most biofilter sampling events, H2S
as the dominant compound present ranging from app

mately 0.5 ppmv to as high as 1350 ppmv. Concentra
f TRS compounds generally were lower, ranging from 0

o 5.2 ppmv. In addition to providing the average remo
fficiency, each figure also presents the range of observ
ciencies; i.e., minimum and maximum measured rem
fficiency.

Soil-based media systems were full-scale field app
ions ranging in size from 34 to 1369 cm3/min, with result-
ng EBRTs ranging from 30 to 177 s. The performance
n Fig. 1 indicate that the systems are capable of ach
ng consistently high odor and H2S removal efficiencies wit
verage removal efficiencies of 95% for odor removal
9%, for H2S removal. In addition, the narrow range
easured efficiencies indicates a consistent ability to
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Fig. 1. Performance data for soil media biofilter systems.

tain high performance. Removal of TRS organic compounds
is not as high, with average values ranging from roughly
37% for dimethyl sulfide to 84% for mercaptans. One pos-
sible explanation for the lower removal efficiencies may be
due to the low inlet concentrations of TRS compounds. An-
other is that these compounds are inherently more difficult to
treat.Fig. 2 summarizes the odor and H2S removal perfor-
mance for all organic-based media biofilter systems tested.

Organic-based media systems included a full range from rela-
tively small vendor package systems to larger open concrete
vessel systems ranging from 5 to 411 cm3/min resulting in
EBRTs from 30 to 162 s. Organic-based media biofilters also
achieved high H2S removal averaging 98%. This included
four systems operating at or below 30 s of empty bed con-
tact time. Odor removal rates were much more varied and
lower on average compared to soil biofilters, averaging 72%.

for org
Fig. 2. Performance data
 anic media biofilter systems.
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Fig. 3. H2S removal vs. empty bed contact time for all biofilters tested.

The organic-based media had higher average removal for
dimethyl sulfide.

Review of the data indicated that organic media biofilter
system performance appeared to be reduced for systems at
or below 30 s contact time. If all systems below this contact

time are removed from the database, the average removal
efficiencies go up to 95% for odor and 99% for H2S.

Fig. 3 provides a plot of biofilter H2S removal ver-
sus EBRT for all soil and organic media biofilters tested.
The various data points for each type of media are

d cont
Fig. 4. Odor removal vs. empty be
 act time for all biofilter systems tested.
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Fig. 5. Performance data for inorganic/inert media biotower systems.

also provided in a legend key that allows the reader
to identify whether a particular biofilter was using soil,
bark mulch, or an organic impregnated mineral core
media.

The data presented inFig. 3indicate that for contact times
of 30 s and over, relatively high H2S removal rates were ob-
tained for all biofilters tested. In the single instance where
contact time was dropped to 13 s, H2S removal was observed
at a lower value of 89%. In that instance, the inlet H2S was
only 1.4 ppm. Therefore, it is not clear if the relatively low
removal rate is due to the short contact time, the low inlet
value, or both.

Fig. 4 is a similar plot for all biofilter data but in terms
of odor removal by determination of odor detection thresh-
olds by odor panel analysis (D/T reduction) versus empty
bed contact time. With one exception, the odor removal data
for biofilters indicate that for EBRTs greater than 45 s, 90%
odor removal was achieved in terms ofD/T reduction. For the
one exception, a bark mulch media biofilter was operating at
60 s. The odor panel analysis and field observation indicated
that the relatively offensive inlet character of the odorous air
was changed in the biofilter such that biofilter exhaust air,
though still relatively high inD/T, had changed character.
The exhaust smelled of the bark mulch itself rather than the
offensive rotten egg, sewer smell described by the odor panel
for the inlet air.

4

nert
m ies
s were
l e

was 96%, while the average odor removal rate was the low-
est at 60%. TRS data collected from the biotower systems re-
vealed a large variation in ability to remove TRS compounds,
with reductions in percent removals for mercaptan and DMS
compared to biofilters.

Data were available for biotower systems operating over a
wide range of contact times, from 1.8 to 37 s. Inlet H2S ranged
from 0.1 to 1350 ppm for the various systems tested.Fig. 6
presents H2S removal data to enhance understanding of the
impacts of EBRT on biotower performance.Fig. 7 shows a
similar plot for all biotower data, summarizing odor removal
in terms ofD/T reduction. The systems tested ranged from
moderately small to fairly large with airflow rates ranging
from 7 to 500 cm3/min, resulting in EBRTs from 1.8 to 37 s.
It can be seen from the data, that H2S and odor removal ef-
ficiencies increase with increased contact time. For H2S at a
contact time of only 10 s, a removal rate of 90% was achieved.
Based on the observed data, it appears that to reliably reach
98–99% H2S removal efficiencies, a contact time of roughly
15 s is required. Instances have been observed with contact
times as low as 6 s exceeding 98% H2S removal. These in-
stances were large pilot scale systems rather than long term
full-scale wastewater treatment plant applications that had
been on-line for years. Overall odor removal ranged from 37
to 94%. In general terms, increasing contact time increased
odor removal rates. Based upon the available data, it appears
t each
9
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.2. Biotower performance summary

Data for biotower systems containing inorganic or i
edia (Fig. 5) exhibit H2S performance removal efficienc

imilar to the soil and organic-based media systems but
ower in overall odor removal. The average H2S removal rat
hat significantly longer contact times may be needed to r
0% overall odor unit removal.

Data also were obtained during side-by-side testin
hree biotower systems, of different design, treating o
us air from a headworks pump station. Average inlet
rogen sulfide levels were relatively low at 2.3 ppm. The
tream also contained subpart per million levels of me
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Fig. 6. H2S removal vs. empty bed contact time for biotower systems.

mercaptan, dimethyl sulfide, dimethyl disulfide, and car-
bonyl sulfide.Figs. 8 and 9provide side-by-side data sum-
maries highlighting the average H2S and odor removals ex-
perienced, as well as showing the percent standard devia-
tion in performance for each system during a 6-week trial.
Even with low inlet H2S levels, all three biotowers per-
formed reasonably well with 16 s contact time, and the per-

formance was reasonably stable for H2S removal as indi-
cated by the small standard deviation in the percent removal
data.

Odor removal (D/T reduction) for the three biotowers,
shown inFig. 9, indicates that all three units provided low
odor reduction compared to biofilters, and that the variation in
the data is higher in terms of standard deviation than for H2S

s. inorg
Fig. 7. Odor unit removal effiency v
 anic/inert media biotower contact time.
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Fig. 8. Hydrogen sulfide removal for three biotower systems operating at 16 s EBRT.

removal. This may indicate that odor removal for a biotower
is more variable than H2S removal. It might also be a function
of variability inherent in odor panel evaluations.

Fig. 10summarizes the overall odor removal for all types
of systems presented in this paper.

Comparison of the overall data suggests that soil biofil-
ters are significantly better at providing overall odor reduc-
tion. However, as noted herein, if organic media biofilters
with contact times at or below 30 s are removed from the
data evaluation, then the average odor reduction for organic

e bioto
Fig. 9. OdorD/T removal for thre
 wer systems operated at 16 s EBRT.
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Fig. 10. Comparison of various biotechnologies odor removal performance.

media biofilters increases from 70 to 95%. For the biofilters
evaluated as part of this study, this included 10 biofilters with
contact times of 35 s or higher.

4.3. VOC removal

Limited data were available for VOC removal in biofilters
and biotowers. VOC evaluation was done for only one of
the 17 biofilters. As previously mentioned, literature review

reports VOC removals ranging from 52 to 99% for organic
media biofilters. In this study, a lightly loaded soil biofilter
was actually tested, and overall VOC reduction in this case
was only 16%.

VOC reduction on biotower systems was measured for
three systems operated at 16 s EBRT and for one at 12 s EBRT.
Fig. 11summarizes the overall VOC reduction for all three
systems at 16 s EBRT. The three units averaged 39% overall
VOC reduction.

ree bio
Fig. 11. VOC removal for th
 towers operated at 16 s EBRT.
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5. Summary and conclusions

The following conclusions are drawn from the data pre-
sented in this paper:

• Biofilters, if designed and operated properly, are a reliable
and often preferred approach to odor control at collection
system and wastewater treatment plant applications.

• Biotowers are showing a rapid growth in full-scale sys-
tem experience and appear to provide very high removal
rates for H2S at empty bed contact times well below those
typically required for biofilters.

• Biotowers do not appear to provide overall odor reduction
as high as biofilters. Typical biofilter systems observed pro-
vide odor removal in terms ofD/T reduction in the 90–95%
range, whereas biotowers only provided reductions aver-
aging 60%. Much higher odor removal efficiencies have
been observed in some instances, but only when the inlet
air was dominated by high H2S and other odorous com-
pounds were not present at significant levels.

• Performance data collected from 34 operating biotechnol-
ogy systems indicate that all media types – soil, organic,
inorganic, and inert – are capable of achieving high H2S re-
moval rates with all systems tested achieving >84%. This
included an inert media biotower system with a contact
time of 1.8 s. Average removal efficiencies were between
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from collection system and wastewater treatment processes.
It is recommended that the composition of the air stream to
be treated (i.e., compounds present and anticipated inlet con-
centrations) be determined during design, as this may help in
determining media type and contact time required to achieve
removal rates necessary to prevent negative offsite impacts.

References

[1] A.H. Wani, R. Branion, A.K. Lau, Biofiltration: a promising and
cost-effective control technology for odors, VOCs and air toxics, J.
Environ. Sci. Health (1997) 2027–2055.

[2] T.S. Webster, J.S. Devinny, E.M. Torres, Biofiltration of odors, tox-
ics and volatile organic compounds from publicly owned treatment
works, Environ. Prog. 15 (3) (1996) 141–214.

[3] E.M. Torres, B. Shabbir, L. Carlson, R. Gossett, V. Kogan, J.
Devinny, T. Webster, B. Stolin. Study of biofiltration for control
of VOC and toxics emissions from wastewater treatment plants, in:
Proceedings of the Air and Waste Management Association 87th
Meeting and Exhibition, June 1994.

[4] N.J.R. Kraakman, H2S and odour control at wastewater collection
systems, in: Proceedings of the Enviro Conference — An Onsite
Study of Biological Treatment, Sydney, Australia, March 28–April
3, 2004.

[5] C. Easter, C. Okonak. Inert and organic media biofilter systems:
how they work and how they differ, in: Proceedings of the Water
Environment Federation Odors and VOC Emission Conference, April
2000.

Air

our
996)

con-
ions

odour
07–

[ of

[ iation

[ for

[ the
ce,

[ ch-
96 and 99% for all biotechnology systems tested.
Odor and TRS removal efficiencies were greatest
organic-based systems with EBRTs over 45 s, follo
closely in performance by soil biofilter systems, and
nally the inorganic/inert media biotower systems. For
ganic media biofilter systems with contact times at or
low 30 s, overall odor removal was notably lower.
Air emissions/VOC removal efficiencies in biotower s
tems were observed in the range of 24–53%, with an o
all average of 39% reduction in VOCs. Generally, V
removal data were not available for biofilters evalua
in this study with the exception of one lightly load
soil biofilter. In that application, over all VOC redu
tion was 16%. Literature review suggests that org
media biofilters achieve VOC reduction in the range
52–99%.

As evidenced by data presented herein, biotechno
ased odor control technology is capable of mitigating o
[6] J.S. Devinny, M.A. Deshusses, T.S. Webster, Biofiltration for
Pollution Control, Lewis Publishers, 1999.

[7] B.M. Brennan, M. Donlon, E. Bolton, Peat biofiltration as an od
control technology for sulphur-based odours, J. CIWEM 10 (1
190–198.

[8] R.A. Boyette, L. Bergstedt, Wastewater treatment plant odor
trol using a biofiltration system in Duluth, Minnesota, Cold Reg
Impact on Civil Works (1997) 107–118.

[9] J. Heuer, H. Kaskens, Prevention of concrete corrosion and
annoyance with biofiltration, Water Sci. Technol. 27 (1993) 2
218.

10] Kiared, Bibeau, Brzezinski, Viel, Heitz, Biological elimination
VOCs in biofilter, Environ. Prog. 15 (3) (1996) 148–152.

11] H. Bohn, Proceedings of the Air and Waste Management Assoc
Annual Conference, Orlando, FL, 1996.

12] C. Van Lith, G. Leson, R. Michelsen, Evaluating design options
biofilters, J. Air Waste Manage. Assoc. 47 (1997) 37–48.

13] C. Gilani, T. Haug, J. Wojslaw, G. Van Durme, Proceedings of
2004 WEF/AWMA Odor and Air Emissions Specialty Conferen
Seatle, Washington, 2004.

14] C. Morton, N. Naik, D. Fredericks, Assessment of Biofiltration Te
nology, Gray Literature Study, ALCOSAN, 1994.


	Odor and air emissions control using biotechnology for both collection and wastewater treatment systems
	Introduction
	Background
	Biotechnology-based odor and air emissions control design criteria
	Sizing and contact time
	Temperature
	pH considerations

	Moisture (temperature) control
	Airflow distribution
	Leachate control and drainage
	Media selection
	Soil biofilter media
	Organic-based compost style biofilter media
	Synthetic materials
	Biotower media


	Performance data
	Biofilter performance data summary
	Biotower performance summary
	VOC removal

	Summary and conclusions
	References


