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ABSTRACT

B E Foul and odorous air em1ss1ons ﬁ'om Wastewater plants commonly knoWn as Pubhcly Owned R
Treatment Works (POTW's) pump statlons and other industrial sources such as pulp. and paper
. _mllls and: reﬁnenes are common nulsances The ingredients of the ‘effluent air streams may
‘contain a variety of volatile oorganic compounds (VOCs) that are subject to air pollution
regulations. One of the key components of the odors is hydrogen sulfide gas (H,S). Hydrogen

sulfide: is easily oxidized -into sulfuric acid, but sulfunc acid creates havoc for conventional

treatment methods. Sulfuric acids corrode thermal oxidation systems (conventlonal burner
: systems) and requlre high capltal costs when treated chem1ca11y (typlcally usmg chlonne)

" Bfo‘toglcal‘ treatrment of att poﬂutaﬁf‘s 1s appeali‘ng becaiise “biofilers are a” “benign and
environmentally friendly technology. The primary barrier to' adoptxon of biofilter. technology at
POTW’s ‘and other applications- is- the lack of operatmg experience. . Plant managers are
‘ understandably reluctant to adopt new systems without a successful track record. Even the
California Air Resources Board (CARB) was initially hesitant to support a system that did not

- work on traditional mechanical or chem1ca1 prmc1p1es This prOJect was the first biologically
~ based system that the CARB funded.

= Under CARB sponsorship, The Reynolds Group, the University of Southern California and the

Ojai Valley Sanitary District teamed to demonstrate that a two-stage biofiltration system can ' .
effectively treat H,S. Conventional smgle stage biofilters are subJect to the accumulation of
a01ds and early death. ‘

Air pollutlon control (APC) by biofiltration is accomplished by passing contaminated air through
a damp, porous medium that supports a vigorous mixed culture of microorganisms. The
contaminants are blodegraded Compost is commonly used as a support medium, although
synthetic media and a Varlety of mixed media are also used.

Bioﬁlters are an excellent technology for treating air emissions at POTW's if the difficulties
caused by H,S can be solved. Current biofilters at POTW's operate as single-stage open
_reactors. A single medium, usually compost, is expected to treat all of the compounds that must
~ beremoved. Some alkalinity may be added in the form of calcium carbonate minerals, but this is
easily exhausted by sulfuric acid production. The spent minerals and acid-degraded compost
often form small particles that contribute to biofilter: clogglng The compost has a very limited
lifetime.

The POTW biofilter for this project contained two stages. The first stage was an enclosed
system with a lava rock support medium. The first stage was optimized for removal of H,S, and
utilized acidophilic autotrophic bacteria such as Thiobacillus thiooxidans. These strains are
adapted to sulfide oxidation as an energy source, and survive well at low pH. This microbial
ecosystem is relatively well known because it is responsible for the sulfuric acid corrosion of
- sewer piping. Because H,S removal was confined to the first stage, there was no acid or
inorganic sulfur production in the second stage compost bed. The acid produced in the carbon
bed was drained and returned to the sewage flow. Only a small volume of liquid required
handling.
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was 51zed only to remove the HZS Thls mlmmlzed 1mt1al costs’ and prowded a dual phase :
~ system w1th max1mum versat111ty :

This ~report summarizes the year-long full-scale demonstfation of thevtwoés.tage biofilter at the
Ojai Valley Sanitary District's newly modernized POTW. Topics presented in this report include-

- a description of the demonstration, the. samplmg methods ‘and the results. The conclus;ons of .

this proj ect are. that
: a)u a lava rock pre-stage bloﬁlter can be a- Very effectlve means of removing H>S and VOCs
e froti e waste dit flow streant 4t 4 P@T‘“W ‘of oﬂ‘iér facih‘ty wﬁefe HZS sy cofﬁporfetft of -
the efﬂuent
b)) the low-pH bloﬁlter can effectwely treat st em1ss1ons at contact tlmes as low as 12' N

- seconds, which means that the pre-treatment unit can be very small and that currentf
compost-based biofilters may be over de51gned

c) lowenng the pH in the first stage of the biofilter neutralized the pH in the second stage of
the biofilter resulting in longer hfe of the second bed, :

d) " lava rock provides an excellent medium for a low pH biofilter,
e) VO\,s can be removed in the low pH bioﬁlter,
f) = internet based'ins’trumentation and software that can monitor and control the performance

of the bloﬁlter from remote locations have serious 1mphcat10ns for the busmess model
that will successfully compete in the 1ndustry, and

g)  traditional problems associated with bloﬁlters 1nclud1ng ac1d1ﬁcat10n flow heterogenelty,
and measurement can be resolved with proper design and sufﬁc1ent operatlng experience.

The environmental beneﬁt of biofilters will be the improved treatment- of POTW discharges,
reduced odors, reduced neighborhood exposure to toxic chemicals, and the reduced generation of

SMOg Precursors.: “Economic benefits will accrue first to sanitary districts in California, which
will have an inexpensive means of meeting their regulatory responsibilities. Industry will benefit
as more installations are made, providing employment for engineers, contractors, and operators.

The primary barrier to adoption of biofilter technology at treatment plants, and particularly
advanced technology, has been the lack of operating experience and dissemination of
information regarding the use of biofilters at POTW's for the treatment of H,S emissions: Plant
managers are understandably reluctant to adopt new systems without a successful track record.
This project with the support of the CARB d1rect1y addresses this problem.
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: The commercrahzatlon strategy for the bloﬁlters is to. allow the technology to spread throughout

the industry as regulatory acceptance builds momentum. The success of the project and the |

- support of the CARB have lent credibility to the biofiltration as an acceptable technology so that -

. the. technology can. prohferate inside. and outside of California; As the momentum builds, The. -

" Reynolds Group intends to capltahze on the growmg market place and gain a prominent position
as an industry leader. Inqumes regardmg apphcatlons of bloﬁlters on The Reynolds Group's
web s1te cont1nue to increase in Volume ‘ , o (

As of the date of the completwn of this proj ect there are at least three permanent _]ObS that have
- been created in' Southetn California. One of the jobs is in sales; one is in administration, and one
is in technical engmeenng There will be considerably more _]ObS created as biofiltration gains
further acceptance in the United States. Furthermore, the use of bloﬁltratlon as a safe and
effective non-chemical means. of controlling odors will allow economic development to continue -
to encroach nearer to POTW’s as populat1on increases and real estate becomes more scarce.

As a direct result of thrs pro;ect busmess negotlatrons are in progress for des1gn1ng, constructing .
and operatlng biofilters in Baja California, Mexico. Several POTW's in California have
- expressed an interest.in applymg biofiltration as an alternative to their chlorine scrubber systems.
In addition, several POTW's have initiated their own attempts in the last two years to construct
~and -operate biofilters with limited success. The lessons learned in this ICAT project will add to
the body of knowledge so that bloﬁlters can be placed in service with an greater even
outstandlng chance for success.

- The Reynolds Group will continue to invest in ‘biofiltration and as a result of th1s prOJect will -
, ramp up its 1nvestrnent s1gn1ﬁcantly

There are four different bus1ness models that seem to be evolving in the commercial marketplace
for biofiltration. They are: 1) design/support services such as those provided by expert
engineering firms, ‘2) niche product providers that build biofilters tailored to one specific
application such as remediation systems at contaminated sites, 3) the “killer application” vendor
who purports to have a technology that is better than all the rest, and 4) the turnkey, design,

build, operate provider who provides all services. - .

The Design Support Services Business Model is structured as follows:

Expert Design Advice Based On Experience
License Technology/Patents

Low Risk, Time Based Fees

Owners Bear Risks

Clients Like to Tinker/Do The1r Own Work
Professors/Engmeers
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The Niche Product Provider Business Model s built around the following:

Standard or Modular Systems:
Need: for Constant Improvement
~ Risk of Obsolescence
Risk Shifted More to Suppher
Small Capltahzed Compames

7 The Reynolds Group does not beheve that a “klller apphcatlon “yet exists in the 1ndustry or that ,
- such an appllcatlon will ever exist. Rather, technological innovations in the biofilter 1ndustry :
w111 be dnven entlrely by expenence and feedback from live operatmg systems : ”

The Turnkey Provrder Busmess Model is built around_the' fo_llowrng:

" Risk Shlfts Entlrely to Suppher
'Slgmﬁcant Capital Requirements \
Projects Rely Upon Stand Alone Financing and Guarantees
Financial Performance Relies on Cash from Individual Projects

The Reynold's Groﬁp belieyes thst the biofilter business is:

Still a Cottage Industry :
- Too Small and Fragmented for Consohdatron by a “Roll Up F1nanc1er
Significant Financial Rewards Not Available Yet . '

May Fit as Part of a Suite of Complementary Services (e g. Monsanto, US Filter) That Have
a Substantlal Market Coverage in the Waste Water Fields

The Reynolds Group beheves that the successful business model for biofiltration will be to
provide expert design consulting services from a single office location. To differentiate itself
from the competition and to succeed, TRG must build operating experiences with biofilters that

- continue to incrementally build on previous generations. TRG's experience has grown rapidly

over the last six years. The support of the CARB at this project for POTW's has greatly advanced

the sales potential of biofilters industry-wide.

The Reynolds Group will provide design, permitting, procurement, construction management,
and operational advice initially from a single office based in Tustin, California. Accessing the
markets will be the key factor in succeeding in the biofilter business. The Reynolds Group
intends to continue a full time marketing effort for the biofilters directed at POTW's with the
support of full time business development staff and the technical staff who have gained from the
firm's last six years of experience. Our goal is to sell two engineered biofilter systems by Apnl
of 2000 and to double our output each year for the next five years before stabilizing.
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1.0 INTRODUCTION

: Bmﬁltratlon ongmated in California in the 1960'5, and has blossomed in Europe for odor control . .

where hlgh density populat1ons require very stringent regulatrons Recently, due-to improved
biotechnology and controls, biofilter applications have expanded to include a variety of industrial

 discharges and treatment for control of toxic substances and smog precursors.  No country has -
Cyret so’ltteﬂ the 1s§ues*‘rnar this' projeé’t‘ gddresses at P“ub’l’ c*l‘y O\tﬁre& Ti“eatrﬁént Works (P@TW"S)

POTW’S are’ fac1ht1es that treat sewage- and wastewater POTW's have always: struggled Wrth
- odor problems and efficient control of toxic substances and smog precursors. POTW's represent

just a fraction of the number of potential emission sources for H,S associated with Wastewater In
many geographlcal locations throughout the United States, there are pumplng stations that have‘ .
to raise sewage in the pipelines so that the sewage can continue to flow by gravity to the POTW.

- For each POTW, there may be several pumping stations. located near residential neighborhoods.
. There are about 55,000 public and private water entities' that serve 90% of the United Stafes.

Approximately 30,000 are privately held with most of the rest owned by municipal governments. |
The United-States Environmental Protection Agency estlmates that about $140 billion need to be -
1nvested in water mfrastructure inthe next 20 years. :

Water and Waste-water systems are also bemg pnvatrzed and upgraded throughout the rest of the

world. According to the World Bank, approximately $600 billion will be spent on building and

: upgradlng the world's water and wastewater infrastructure in the next decade. In Lat1n America

alone there are substantlal expenditures planned.

Currently, the Worldw1de market for biofilters is approx1mately $lOO million per year, of which
$50 million is in Europe, $30 million is in the Americas, and $20 million is in Asia. The entire
market for scrubbers and adsorbers in 1996 was $3.6 billion and is expected to grow to $5.4
billion by 2001. The POTW market is expected to comprise 10% of the market place ‘The
market for bloﬁlters may grow at 10% to 20% per year for the forseeable future

Emissions of foul- smelling’ hydrogen sulfide gas (H2S), mercaptans and other compoundsvhave \
generated complaints from nearby residents. These complaints grow more serious as increasing
residential development puts more homes near treatment plants. Recently, there has been talk at
the Unlted States Envrronmental Protection Agency that H,S may be regulated.

Volatlle organic compounds (VOCs) such as benzene and trlchloroethylene are found in
wastewater flows as a result of illegal dumping. Venting of air spaces, particularly aerobic

biological treatment, release these compounds into the atmosphere. While concentrations are .

generally not high, the large amounts of water handled by POTW's means that total emissions
can be 51gn1ﬁcant \
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‘Bioﬁiters ‘are bemgn air poliutlon ccntrol devrces that use bmloglcal means to treat eﬁmammatedi :
-air streams. The filter medium is very inexpensive and -readily available. When the filter

material has exhausted its useful life, the material can be disposed without any spe01a1
«conmderatmns Bloﬁlters for POTW's are clean, "gree and somally/polltlcally acceptable

Biofilters offer‘ a supetrior alternative to ‘coniventional methods of treatment such as burning -
* (exidation) where fuel costs are high, absorptien where contaminants are. suany transferred to . .
another medium, and chemical processes that consume large amounts of chemlcals and generate
\ ,another d1sposa1 problem :
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| 2 0 BACKGROUND

. A biofilter treats a contammated air stream by biologically destroymg the contammants in the air
stream. This blologlcal act1v1ty is identical to other biological treatment processes such as
~ aerobic treatment of wastewater and bioremediation of contaminated soils and groundwater.
~ Aerobic treatment of wastewater is now an extremely mature treatment technology that is
~ accepted worldwide. Broremedlatron of soils and groundwater is also a proven technology that
- has grewn in acceptance in the last two decades. Similarly, recent advances in biofilter
- technology "and - applications make broﬁltratron an extremely attractive alternative for

environmental . mapagers . to, cons1der ‘when. dmdmg among. alr pouuuqn control (APC),
altematlves ' . .

2.1 'QVERV}EW OF’!TﬁErﬁl‘ikersS"

Biofilters treat efﬂuent air streams: that contam brodegradable Volatrle orgamc compounds
(VOCs) and other odorous compounds. The effluent air stream’ passes through a natural,
biologically active . ﬁlter bed, referred to as a "biofilter". The filter bed does not trap the

- contaminants like carbon absorpt1on but rather consumes the contammants s0 that the bloﬁlter .

bed constantly regenerates itself.

Biofilters utilize natural m1croorgan1sms to convert orgamc contammants to carbon d10x1de and
water. Biofiltration removes air pollutants by passing the contaminated air through a damp,
porous medium that supports a vigorous mixed culture of microorganisms. Generally, these
microorganisms are obtained from naturally occurring biological media such as sludge or other
*sources where an extremely diverse populat1on of bacteria ex1sts :

A bactenal culture (sludge or other sources) is applied to the biofilter bed. While most of the
‘many species present in these inocula die away, those that are capable of degradmg the .
contaminants under the conditions within the biofilter survive.

The successful microorganisms live in a layer of water and microbes referred to as a biofilm
located on the surface of the biofilter packing material. The packing material is referred to as the
biofilter "bed." The bed is housed in an enclosed or open vessel that is designed to meet the

- specific air flow demands, effluent air contaminants and applicable regulatory issues of a custom
air pollution control device. Enclosed biofilter designs can range from small portable tank
vessels to larger permanent structures the size of small bulldlngs Open bloﬁlter beds where air
is dlscharged d1rectly to atmosphere can be up to one-half acre in size.

Contaminated air enters the biofilter and passes through the broﬁlter bed. The bed may be
compost-based material, lava rock or some synthetic material. The metabolism of the
contaminants occurs in the biofilm that accumulates as the bacterial culture grows. Passing
through the bed, the air contaminants contact the microorganisms in the biofilm and are
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, | 'consumed much as people consume food for energy The contanunants are transferred from the L
air phase to the water, then hrodegraded They are transformed mto carbon d10xrde and water :

- Mamtammg ambient temperature and moisture is cruc1a1 to the effectweness of the bloﬁlter A
~blower is used to move the air across the biofilter bed and to maintain a supply of oxygen

‘necessary for the metabolic activity in the biofilter bed. An air dispersion system ensures evenly -

distributed flow in the bed. Water is periodically injected into the bed to maintain the proper - -'

1 molsture level.. The biofilter "bed" itself i is non—hazardous and remams non—hazardous after use.

| 22 ‘ RECENT ADV ANCES IN BI()FILTER TECHNOLOGY

‘ "Bioﬁlt“ers oﬂg‘fﬁated i @ran"ge Co"“” Calrfornia iri the 19“5: Tlle teel’ﬁrology has prohferated”‘” '
- in Europe because energy costs and sophlstlcated odor regulations make biofiltration the viable
economic alternatlve for waste air treatment. . Conversely, biofiltration has not galned aeceptance ‘
~ in the United States because of cheap energy prrces and a lack of regulatory acceptance.

*In the 1990s, mterest in broﬁlter technology in the United States has grown raprdly The number
of research pubhcatlons and fundlng in the last decade has grown at an exponential rate.
Biofilters have become a- staple topic within various conferences and exhibitions such as the Air
& Waste Management Association's- annual conference. The. number of pubhcatlons has
expanded from virtually nil at the beginning of this decade to over 100 publlcatlons per year..
For example, a bi-annual conference at the University of Southern California in Los Angeles

~ dedicated to biofiltration attracts more than 40 papers on the subject from the international arena.

ITurthermore the ca*rent biofilter market in the United States is estrmated to be $20 mllhon and
growmg ~

* Several well-capltallzed companies including Envirogen, EG&G and Monsanto have ‘made
significant efforts to profit from the technology. Numerous small compames 1nclud1ng small
consulting firms, have attempted to enter the market place. The momentum is building toward
commercial acceptance of biofilter technology. ~However, new players in the market can be
deluded into believing that biofiltration is a simple technology. Assuming that all one has to do
is put "bugs in a box" and blow air across the beds to build a successful biofilter results mostly in
failure. Failures of biofilters due to poor design and construction have retarded ability to
penetrate the United States market. V

Significant improvements have been made in the last decade in understanding how biofilters can
- treat contaminated air effectively for an extended period of time. A competent combination of
design, construction, and operation will lead to very successful appl1cat1ons The success of a
biofilter depends on several factors including:

1) sustaining the active microbial culture \

2) buffenng the biofilter from shocks that might 1nh1b1t microbial activity,
3) measuring biofilter performance, and

4) developing regulatory agency acceptance.
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L

: AII'of these factors have been considered in this iCATiDe,mOnstration’p'ro'j'ect." 4

Sustaining- the active microbial culture

For a: bioﬁlter to operate at its ‘peak performance, the biofilter bed must sustain its

~ microbial populatlon 50.that the biofilter performs at optimum efficiency for an extended. - -

perrod of time. The proper nutrients, water and’ temperature must be malntalned forv ‘

- v1gorous health of the bacterral culture

o *Morsmre systems have’ evOlved t‘lsi’ng Vvatious proprfetary spray and hutidifieation
- devices so that today consistent m01sture can be mamtamed contmuously at all pomts in

the broﬁlter bed

~In conventlonal compost bloﬁlter beds, the compost prov1des a long term nutnent'
: supplement that sustains bacterial life. In synthetic beds, the proper mix of nutrients

required to sustain microbial growth can be derived from simple bench scale studies.
Filter bed matenals are expecte_d to last for many years without replacement. '

The biofilter process is an exothermic reaction and generally if biofilters are insulated
from  temperature fluctuations, the microbes will thrive. Incremental - design
1mprovements have made biofilters immune from ' extreme external temperaturej
ﬂactuatlons *hat may termmate the 'nlcrobral activity.

Buffermg the bloﬁlter from shocks that mlght inhibit microbial act1v1ty

Many air efﬂuent streams. are cyclical in nature.  For example the effluent air streams

~ from a publicly owned treatment works (POTWs) may spike at certain times during the

day or contain acidic compounds such as H,S which can kill the biofilter. By anticipating
how biofilters react to such shock loads, designers can incorporate these extremes into the

‘process. Modern biofilters can adapt to these shock loads if proper consideration is given

during the desrgn phase.

The contaminated air within a biofilter must cross over the entire biofilter bed. Early
generation biofilters were hindered by channelization. Channelization occurs when air
contaminants pass through a biofilter bed without contacting any microorganism in the
biofilm. Improvements in airflow diffuser design and biofilter beds have greatly reduced
the chances that channelization will occur in modern biofilters, thereby increasing the
productivity of the bloﬁlters and reducing their size.

Measuring biofilter performanCe v

In the last decades, tremendous advances have been made in instrumentation to measure

~ key biofilter parameters at minimal costs. In addition, the advent of the internet and
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) remote conttol momtonng allows bloﬁlters to be momtored and ad}usted contmuously |

- * and femotely. This combination of low cost, improved tecfmology and remofe access .

improves the rehabrllty of modetn biofilters. For example, monitoring’ pH temperature,

head loss, moisture, biomass accumulatron and ‘destruction efﬁc1ency can all be

performed in a real- time basis using 1nexpens1ve probes, load cells and-other momtonng :

devices. The parameters can be ad]usted using a touch screen - computer system from a

remote location. If necessary, a biofilter expert can be consulted on a real-tlme basis if
- any parameters are askew : : :

4, Barrrers to regulatory acceptance/ developmg regulatory agency approval

. ln gerrerat regu:rawry agencies” ate fiote” proﬁe 0 accept a’ provén feehnology thin F:1

’ unproven one. -Regulatory agercies have begun to open their minds to accepting
© - biofilters now that they are aware of the modern biofilter strengths and weaknesses.

Addltlonally, commercial interest in biofilter technology has steadily increased in the past
decade. With all of the advances made regarding maintaining the homeostasis of the

- microbes, ellmmatmg shock threats and moniforing flexibility, the number of successful, ;

biofilter apphcatlons has risen dramatrcally in the United States.

23 ADVANTAGES OF THE TECHNOLOGY

Adm1ttedly, biofilters are not a perfect technology It is true that for some compounds such as -
odorous hydrogen sulfide destruction efficiencies can be as high as 99.98%. However, at
extremely high concentrations of hydrogen sulfide a biofilter cannot sustain itself. Similarly,’
biofilters can effectively and consistently treat VOCs such as benzene, acetone, ketones and
other VOCs at efficiencies exceeding 95%. Many times these "imperfect” efficiencies are
- sufficient to allow a regulated facility to operate under its permitted conditions. In several
regulated geographical areas, total elimination of VOCs is not necessary for a fac1l1ty to continue
it’s commercial activities. ’

For example, a printing company in Los Angeles was subject to an annual limit of discharging
ten tons per year of methyl iso-butyl ketone (MIBK). The permit restriction forced the printing

~facility to operate only forty hours per week. By operating the biofilter with only a 50%

- guaranteed destruction efficiency, the emissions were reduced by half and the printing facility
was able to operate for eighty hours per week. The actual efficiency exceeded 90%. This
resulted in doubling the printing plant’s output and profit. It eliminated the need to relocate the
facility to another state w1th less rigorous air pollutlon control restrictions.

As a result of competrtlve capital and low operating costs, biofiltration may have significant
economic advantages over other air pollution control (APC) technologies if applied to air
streams that contain low concentrations (typically less than 2,500 ppm) of readily biodegradable
pollutants. Consistent control efficiencies of greater than 90 percent have been achieved for
many common air pollutants. Advantages of biofilters include:
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. ‘Very low operatmg 1 energy costs : :

“Low capltal cost commred to other air pollutlon control equlpment

- Removal efﬁaencles over 90%. (Some manufacturers guarantee more')
Operatron at ambient. temperature and with a pressure drop of only several 1nches

' Byproducts are harmless COz and HzO

Bloﬁlters are suitable for hxgh flow rates when the concentrations are relatwely low One
dlsadvantage of the bloﬁlter is that it may take up a large amount of space. : ‘

Several prOJects have tested b1oﬁlters for use at POTW‘ Generally, the dev1ces have been

. single stage « conventional compost biofilters, wh10h are attract1ve because of the1r mmphcrty and' o

low cost. The mlcroorgamsms involved 1n ‘the compostmg process constrtute an excellent
k 'llnoculum so that the medium rapldly becomes effectlve at removing air pollutants However, -

:5d1fﬁcu1t1es arise because of the H,S, wh1ch 1s commonly present in parts—per—rmlhon
‘concentrations, -Common species of microorganisms can readily oxidize H,S to sulfiric acid.
‘But the acid accumulates, lowering the pH of the biofilter, ultimately inhibiting mlcrob1al
activity, and causing the bloﬁlter to fail. The acid also degrades the compost, which causes
increasing pressure loss. H1gh concentrations of H,S may lead to accumulation of elemental
sulfur. Elemental sulfur i 1s an 1ntermed1ate n the oxidation’ process and is also inhibitory to
m1croorgamsms : : :
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"3,0 ])ESCRIPTION OF FIELD DEMONSTRATION
31 BIOFILTERS .
- 3.1 1 Ojal Valley Sanltary Dlstrlct Blofilter

" The Ojai Valley Sanitary D1stnct operates a3 m11110n gallon—per-day wastewater treatment plant

~ that includes a 3000 ft* below-grade; open bed-biofilter. The biofilter uses wood chips from .

‘ ‘lumber waste as the medium. They are strips from 1 inch to 12 inches long. The biofilter is-
- designed to. treat, 8000 cubic. feet per. minnte (cfm). of waste air.removed. from. the.plant’s.
headworks, grit chamber and grit classifier. ~ Air:is driven by a. centrifugal blower: de51gned to
deliver 8000 cfm at a pressure of 5 inches of water column (in. H0). Air is humidified by
passing it through-a spray humidification chamber and then is-passed through fourteen 10-inch -
‘diameter schedule 80 PVC laterals beneath the wood chips. ‘Each lateral is 50 ft long and has a
pair of 5/8-inch diameter holes drilled every 6 inches along its length. Pairs of holes were drilled
‘at 90 degrees from each other and the pipe was laid so that each hole is 45 degrees from the
center bottom. The air is thus directed outwards and downwards from the pipe. The laterals are
4 ft apart and are covered with 6 inches of % inch diameter acid resistant, smooth river rock. The
depth of the medium above the rock is 3 feet. Six 1nches of chipped bark was added for aesthetic
value. Six garden type sprinklers controlled by a timer provide irrigation of the biofilter. No
-nutrients were added because the organic medium provided necessary nutrients. Operatlon of the '
, biofilter began n August 1997. The bloﬁlter was not 1nocu1ated

3.1.2 Acld Gas Bloﬁlter

A pilot-scale biofilter was designedl and constructed for this project. It was the first stage of a .
- two-stage biofilter. It was called an acid gas biofilter. (AGB) because it was designed to remove
' H,S from waste air and protect the second stage, organic medium bloﬁlter

- The AGB was constructed of three polyethylene tanks in parallel using PVC piping and valves
for the delivery of air and water. Each tank was 92 inches in diameter and 46 inches tall. Air
was driven by a small centnfugal blower designed to deliver 580 cfm at 5 in. H;O. Valves on
the inlet and outlet air p1p1ng allowed the system to operate with all the air passing through one
tank, through two tanks in parallel, or through three tanks in parallel. Air entered through the
side of each tank in the headspace above the lava rock medium. After passing through the
medium, air exited from the bottom center of each tank. The tanks and piping sat on a 26 ft long,

6 foot wide two-layer steel Skld with two control boxes for the monitoring and control equlpment
(Figure 3.1). ‘ :

The medium in the AGB was lava rock with a median diameter size of 5/16 inches (Sunburst
Decorative Rock, Inc. Irwindale, CA). The medium was relatively uniform in shape and size,
and fines were removed before installation by washing. Lava rock is inert and is not damaged by
acid. Its alkalinity was determined to be less than 10 mg/l as CaCO;. Because it is a porous
rock, 1t has a relatively large surface area. Others have found it an effective medium (Morton
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e - below the medlum

v3'~“

: ’and Caballero 1997) Each ﬁlter bed Was 30 mches deep w1than empty bed Volume of 1 15 eub;cv o
e the medium, there' was 10 ace, and there was 6 mches of air s space' S

Water and nutnents were added by a: sprmkler system in the headspace above the med1um Each L
bed was wetted with 14 spnnklers to achieve complete and even coverage. The sprmklers were
full cone whirl type sprinklers with 120° spray angle constructed of PVC from Bete (Greenfield,

MA). Durmg irrigation, the. water flowrate was. approx;mately 5. gallons per minute. -Leachate -

drained from the bottom of the each tank through the same PVC pipe as the air. A leachate
dropout box allowed collection of leachate. Level sw1tches and a valve- controlled the leveI of- _'

: the leachate assunng that the water d1d not back up mto the a1r 11ne

e oy M g g e g R SR 5 € e et g e

The AGB was 1nocu1ated W1th mﬂuent wastewater from the headworks of the plant Imtlally, ,

- approximately forty gallons of influent were applied: through the sprinkler system. Two weeks'

later another 30 gallons per tank were apphed directly w1th a garden hose. Th1s prov1ded
nutnents to the system for startup :

Nutnents were also added to the AGB through the sprmkler system Harrison (Hamson 1984) :
used a basal mineral salt solution for Thiobacillus species that contams 0.042 percent weight per
volume of solution (%W/V) nitrogen, 0.0045 %W/V: phosphorus, and 0.011 %W/V potassium.
Initially;, two commercial fertilizers were blended to obtain this ratio: Ammomum sulfate (J.R.
Simplot Company, Lathrop, CA) and “Citrus Food” (Dexol Industries, Torrance, CA). Later,

- Miracle Grow Lawn Food was used at the nutrient source. A concentrated nutrient solution was.

stored in the nutrient reservoir. Nutrients were added to the water line by a metering pump ata
rate of approx1mate1y 50 milliliters per minute. The final nitrogen, phosphorus and potassium
concentrations in' the blended water were approx1mate1y the same as the basal mineral salt

¥ solut1on

3.2 SYSTEM OPERATION

For this expenment the valve on the final lateral (lateral 14) of the wood chip biofilter was
closed, and the air was drawn off by a small blower and passed through the AGB, then returned

~ to the lateral. The wood chips above this lateral served as a second-stage organic medium
biofilter. A small portion (7.5%) of the air was passed through two stages (the AGB and the
“wood chip bloﬁlter) The balance of the air passed only through the wood chip biofilter. The

wood chips above lateral 13 served as a one-stage conventional biofilter for comparison. Flows
were equalized through all 14 laterals (Figure 3.2). This allowed comparison of the treatment

- efficiency and bed life of the wood chip biofilters while one was preceded by the AGB.

There were three different phases of the experiment. During Phase 1 the AGB was operated with
three tanks in parallel.  During Phase 2 it was operated with two tanks in parallel and in Phase 3
all the air passed through one tank (Tank 1). The goal in operating in this manner was to
determine the effect of the change in air retention time on AGB performance while keeping the
flow through the entire system approximately 600 cfm (Table 3.1)
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33 | CONTAMINANT- ADDITION

After an initial period of experimentation, HZS from a compressed gas cylinder (Techmcal

- Purity, Matheson Gas Products, Rancho Cucamunga, CA) and a number of VOCs were added -

.contmuously 1o both the two-stage and one-stage biofilters because the wastewater. system - -
discharge contamlnant concentrations were too low for experimental purposes. H,S was added
so that the concentratlon was approx1mately 5 ppmv at the inlet of both bloﬁltersl

"'Concerm*atrdrrs wete" a:lsb Supplemeﬁted for Hiethylene chl’or‘l’de c‘fﬂomfoxm mefhanol “dGetorie;
toluene, ethylbenzene, Xylenes, 2-methyl-butane, and methyl tert-buty! ether (MtBE). The goal .
-in"adding these chemicals was to have at least one representative of as many classes of VOCs
“and odor causing chemicals common at POTWs as possible. Aldehydes though important, were
not added because of the extra cost assocrated with the1r analysrs

~The VOCs were added to the inlet piping of the bloﬁlters in liquid foml Stock solutlons of the
VOC mixture were combined in the laboratory. The mixture was transferred to 4 liter glass
containers used in the dehvery system. Addition of the liquid mixture to the air stream was

' controlled by a pressure source, flowmeters, and needle valves (F igure 3. 3) :

The inlet concentratlon of most of the compounds was between 0.1 and 1 ppmv, which is typical

at POTWs (Ergas et al. 1995; Webster 1996). . The methanol inlet concentration was
approximately 5 ppmv. Table 3.2 lists the principal characteristics of the compounds used in this
study (Montgomery et al,, 1996). The predicted removal efficiency is based on the model by
Choi, et al. (1996) and for a biofilter with a one-minute empty bed retention time (EBRT) where
the inlet concentrations are between 1 ppb and 10 ppm.

34 MONITORING AND DATA COLLECTION SYSTEM

A system was developed to automate control and data collection from the biofilters. Data
~ acquisition hardware relays and programming software were obtained from National -
Instruments (Austin, TX) for the development of the monitoring, data collection and control
system.- The monitoring system included: (1) 6 thermocouples for temperature measurements;
(2) pitot tubes to measure flow rates into each tank; (3) four load cells to measure the weight of
the first of the three tanks (Tank 1) that made up the AGB; (4) a pH probe and transmitter for
measurement of leachate pH, (5) 2 631-X Jerome Meter (Arizona Instruments, Jerome, AZ) for
H,S; (6) an SRI (Torrance, CA) flame ionization detector (FID) and (7) a CO, transmltter-’
~ (Vaisala, Inc., Woburn, MA)

- Air samples were regularly taken from four points: system inlet, outlet of acid gas biofilter,
outlet of second stage (wood chip) biofilter, and outlet of one-stage (wood chip) biofilter. Air
samples from each of these points were analyzed for concentration of H,S, and total volatile
organic compounds (VOCs). Three other air sampling points were located at the quarter point,
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) half pourt and three-quarter pomt depth in the medmm of the AGB s ﬁrst tank (Tank 1) The air

‘sampfmg ‘System included 1/4" flexible PVC tubmg ‘attached to the sam ?ﬁng ports, a soIenord i

array desrgned to allow sequentral samphng of the four samphng ports and a dlaphragm pump to
‘ pull the air to the measurement devrces (Frgure 3. 4) T

Air was drawn through each sample port for 5 minutes at a rate of approxrmately 2 liters per
minute. Blank air was sampled between each of the sampling pomts to continually verify the
-base line.of the. detcctors - Needle -valves. distributed. the air at _appropriate . rates to - the .
measurement devices. The computer control and data acqu1s1t10n system ignored the first 4.5
\ mmutes of VOC data and CO; data and averaged the last 30 seconds of the sequence. HZS data

- were also obtained during the last 30 seconds of each sequence In th1s way, each of the four
| ”*sampﬁug purts Was' auaryzeu ofice every 40'ifriutes. SR | ’

Water }evels 1n the leachate dropout ‘box were controlled by two level switches and an electric

ball valve.. Water addrtlon to the biofilters was controlled in response to changes in the Welght of
- Tank 1 of the AGB. When the weight fell below the lower set value, the sprinklers were turned . .

- on, After the weight reached the upper set value, the sprinklers were shut off. Water addltlon
‘and leachate removal times. were autornatrcally recorded :

. 35 PERIODIC MEASUREM’ENTS

The pH of the media, the pressure across the beds and concentrations of md1v1dual organic air
‘ contammants were measured : :

3.5.1’ Medlum pH

Medium from the acid gas biofilter was sampled by a 6 foot long brass grain probe with ten
isolated sampling sections (Seedburo, Chicago, IL). Horizontal profiles were obtained by
inserting the probe through side sampling ports located at the medium % and Y% points.
(Sampling at.the % point and bottom of the medium could not be accomplished because the
weight of the rock above the sampling port height made insertion dlfﬁcult) Vertical profiles
were obtained by inserting the probe vertically into the medium after opening the access cover to

the biofilter. After extraction, medlum pH was measured using pH paper and recorded in the
field logbook.

1

3.5.2 Pressure Measurements

The pressure difference across the bed of the AGB and the wood chip bed was periodically

measured by an inclined liquid manometer. Sampling ports directly above the medium and
~ directly below the medium were used. The pressure difference across the headspace of the
medium was also measured. ‘Sampling ports were located directly above the medlum One was
under the inlet while the other was on the wall facmg the inlet.
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At orifice was attached directly to eact Stiffifn

353 Volatilé OrgamcCormpound Concentrations e

Air saniples were taken periodically and analyzed using EPA Method 18 (for Z—methyl?butane)
- EPA Method 308 (for methanol) and TO-14 (for air toxics, smog precursors, acetone and MIBE).
Initiation of sampling began only after the leachate pH had stabilized at approximately 4. During

- most sampling events, five locations were sampled system-inlet, AGB outlet, two—stage biofilter

outlet, s1ng1e stage bloﬁlter outlet and blank a1r

Samples for EPA Method 18 and TO 14 were collected in 6 hter Summa canisters (Flgure 3.5):

14 Canister 16 control this inlet flow rate so that the'
canisters were filled in approximately one hour. This allowed a one hour average coricentration.
The goal was to minimize fluctuations in the results. - A 4” long, % diameter Teflon tibe was

“connected to each orifice. For samphng the system inlet and AGB outlet, the end of the Teflon

tubing was inserted directly into the air stream through a 'small hole in the PVC piping. For
- sampling the two-stage and smgle stage outlets, the end of the Tefton tubing was connected (R
the side of a “Tee” made from nylon located directly after the sampling hood. One end of the
~ Tee was connected to the hood and the other was connected to 7&” PVC tubing. Air was drawn:
through the PVC tubing at a rate of approx1mate1y 1 titer per minute (Ipm) by a. diaphragm pump
and discarded. A side stream of air (0.1 lpm) was pulled into the Summa canister. Sampling of
- the field blank was achleved by connectmg the Teflon tube to’ the regulator outlet on the blank .
air cylmder .

Samples for EPA Method 308 were collected by an impinger method (Figure 3.6). For sampling
the system inlet and AGB Outlet, air was drawn directly off the PVC air pipes as with the
 Summa canister method. A '4” PVC tubing was inserted into the flow stream. Sampling of the
~second stage and s1ng1e stage effluent was conducted similarly to the Summa canister method.
Air was drawn into the impinger through the same sampling hood. In this sampling procedure,
all the air passed through the impinger. A battery operated pump (a personal pump usually used
to collect samples for human exposure assessment) was used to draw air through a 25 ml
impinger, filled with 15 ml of distilled and deionized water. The impinger was fitted with a 100
pm fritted glass diffuser to minimize the bubble size. The air was bubbled through the water ata. -
rate of 0.75 Ipm for approximately 6 hours. (The actual rate and time was recorded for each
sampling event.) To minimize evaporation, the impinger was kept in an ice bath. The total
‘volume of air that passed through the water and the final water volume were recorded and
submitted to an analysis company. They were necessary for calculation of the air concentration.

3.5.4 Pulse Tests

Pulse tests were conducted to determine empty bed residence time (EBRT), lava rock porosity,
and actual time of travel measurements. 1-liter pulses of methane were used as the tracer.
Pulses were injected into the inlet piping and were then measured at various locations. The same
- samphng line was used for all pulses to assure that no variations in tlme occurred because of
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. »d1fferent travel length Pulses were measured usmg the on board FI[) Results were. recordedf R

o every 2 seeonds hy a subroutme of the automated samplmg system for Iater anaIysrs

' 3. 55 qullld Phase Measurements

AGB 1mgat10n Water AGB leachate, and leachate from the wood ch1p bloﬁlter were penodlcally
- analyzed for corncentrations of alkalinity, ammonia, nitrate, nitrite, orthophosphate and sulfate.
- Alkalinity, ammonia, nitrite, orthophosphate and sulfate were analyzed by methods- approved by -

'Standard Methods (1995) Ammoma was analyzed by the ion se],ectlve electrode method '

'Alkahnlty was determined by t1trat10n of 02 N H2804 to pH—4 5 as measured by a pH

- etectrode; Nityite; or‘ﬂ‘fo““’hosfi‘hate “Ahd Sulfate-wers atialyzéd by 4 Hach methed. Nitrate was' e
. analyzed by a Hach method, s1m11ar to the methods used for nitrite, orthophosphate and sulfate

o Samtary Drstnct

(Hach, 1992):" Ail rnethods used Were the standard operatlon procedures for the O_]al Valley

>;3.’5.6V - Air Phase ‘AmmOnia Co‘rlc_eirtrations ; .

A short-term experiment was conducted to determine the effectiveness of the. biofilters for
‘removing ammonia from the air. Industnal grade compressed ammonia was added to the inlet of
the two-stage and single stage systems at a constant rate so that the inlet concentrations were
approximately 50 ppm. The impinger method described above was used for sampling air phase

ammonia. The pH of the distilled and deionized water was adjusted to 2 by addition of sulfuric = -

~ acid to assure maximum solubility of ammonia. The time and flowrate of the air through the
Jimpinger was recorded. The water phase concentration of ammonia was analyzed by the method

- described above. The air _phase - concentrations were- then calculated from the Water
‘concentratlon sampling t1me and ﬂowrate by the equation .

1 44[NH
v

air

3(aq)f]VH20

[NH3(gaS)]

where [NHz(s)] is the gas phase concentration of ammonia in parts per million by volume,
[NHa@g)] is the aqueous phase concentration of ammonia, Vi is the volume of water used for
the analysis of aqueous phase ammonia in milliliters, V,; is the volume of air that passed through
the water durmg samplmg in hters and the value 1.44 is the conversion factor

3.6 MEDIA CHARACTERS

3.6.1 Field Capacity

Laboratory experiments were conducted to determine the water contents of lava rock, compost,
granular activated carbon, and wood chips at field capacity. The wood chips were obtained from

the conventional biofilter. The media were flooded for one hour and allowed to drip drain for
another hour for determination of ﬁeld capacity. The media were weighed again after drying in
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. an oven at 103“C for 24 Thours. CTable 3. 3) The ﬁeld capac1ty results fer compost and GAC L
- compare- weéll wrth those of other mvestlgators (I-Iodge 1993 Yang and Allen 1994) e
| 3.6.2 Water Content and Volatlle Organlcs

, Perrodlc measurements were made of the water content and volatile orgamc maerial on the
biofilter media. Samples were extracted from the AGB using the grain probe mentioned
. previously and others were removed from the wood chip biofilter by excavation. After removal, .-
samples were immediately placed on weighed tin plates Samples and tins were weighed and
~then dried for 24 hours at 103°C. After cooling in a zero hurmdlty chathber, the samples ‘were
agam welghed The Water content was determmed by the equatlon

w EAEAE S

M, My k :
%WC -r-~——————x100% .

: ',mw mﬁiter )

L where %W.C.is the percent water content, Mye; is the wet mass of the sample and mdry is the dry

mass of the sample. The dry samples were then placed in a muffle furnace for 30 minutes at

500°C.  After coolmg in a zero hum1d1ty chamber to ambient temperature, the samples were
’ agam welghed The volatlle orgamc content on the lava rock was calculated by the equatlon

’%VOM = My ™ Mash 100%,

C My M ey

4 Where %VOM is the percent of volat11e organic materral on the samples and mash is- the mass of
the sample after the volatile organic material was bumed off.

3.6.3 Characterlzatlon of Organlc Medmm at Pro;ect End

At the completion of the project, a large section of the wood chip biofilter was excavated and
samples were obtained at various locations for characterization purposes. Samples were
obtained for three vertical profiles: directly above lateral 14 (which served as the second stage
biofilter of the two- stage system), directly above lateral 13 (which was used as the single stage
- biofilter for comparison purposes), and directly above lateral 12, which was used as a control.
At each of these vertical profiles, four samples were obtained: at the bottom of the medium, 1
foot above the bottom, 2 feet above the bottom, and at the top of the medium (3 feet above the
‘bottom). Samples were collected by hand and placed in 1-gallon “erloc” bags. Samples were
immediately placed in a refrigerator for later analysis.

Samples were a"nalyzed for water content of total volatile organic material as described above
and for alkalinity, ammonia, nitrate, and sulfate concentrations. 200 g of each sample was
placed in a 500 ml plastic jar and 300 ml of distilled and deionized water was added. Sealed
samples jars were agitated and placed in a refrigerator. After 3 days, the sample jars were
opened and the water was filtered through clean glass filter paper. The sample water was then
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. V‘analymd for alkahmw, ammoma, mtxate, and sulfate as descnbed above The pH of the water e
. ‘was also determmed usmg a pH electrode R ‘ s

The Volatlle organic content of the bloﬁlm around the wood chlps was estlmated by filtering 25

ml of unfiltered sample water 1mmed1ate1y after v1gorous agitation of the sample j jars. The filter -
paper and the collected solids were dried for 24 hours at 103 °C and then weighed. The dried
- samples were then placed in a muffle furnace for 30 minutes at 500°C and welghed again after

-cooling. The percent volatile organic content of the biofilm was estmaated using. Equaﬂon 1.3
above : ,
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Table 31 System’ Parameters for Each Phase ofO‘p‘eration

“Wood Chip

| Phase 1 ‘Phase 2 : Phase/3= 2 " Biofilter
‘Binpty Bed'Residence Time' 326sec 222sec | 12.1séc 67 se¢
Surface Area of Bed 138sqft  923sqft - 46.1sqft  3000sqft
BedVolune  3Scuft  230ouft  1lScuft . 9000cuft
Average Flowrate. | 635 cfm 620 cfm 570cfm - 8000 cfm
 LoadingRate 460cfwf?  672cfavf? 124 cf/f? 2,67 cf/fd
Table 3.2 ‘ Contaminant Properties
S  Solubility ~ V2POT | Henry’s “ : oiod -
Molecular . Press. Predicted
Weight in Water (mmof Co,nsst. LogKew  RE
(mg/l) " Hg) - (atm-m’/mol) S
- Acetone o 58.1 481,098 . 230 . 3.67x10° -024  758%
Chloroform 1194 7950 - 246  435x10° 1.97 22.5%
~ Ethylbenzene 106.2 140 10~ 628x10° - 3.15 94.1%
lopentane 722 48 689 125 230 502%
Methanol 320 Miscible 127 444x10° 077 . 88.6%
Methylene 84.9 13000 435 2.69x10° - 125 39.9%
chloride , ' .
Methy] tertiary 88.2 51,000 245 558107 0.94 93.5%
butyl ether , : ~ -
Toluene 922 535 28.4 5.97x10° 273 86.4%
m-xylene 1062 146 8.3 7.68x10° 3.17 91.5%
p-xylene - 106.2 156 8.7 ‘ 7.68x10° 3.17 . 91.5%
o-xylene 106.2 175 6.6 5.10x10° 312 100%
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Table3.3 Medla Water Conten_ts at Fleld Capaclty e e
B Me dimﬁ , Dry Bulk Dens1ty . Water Content at. Fleld Watet Content at Fleld'
- L ; (kg/ly ? Capacrty (wt/wt) Capacny (vol/vol)
'Lava Rock ’ i 0.794 . ; 0155 0. 146
" Compost o oas 0588 0306
eac 0364 o oas4 0342

_WoodChips ‘0178 . oeaT _ 0326

v g g b et

Figure3.1 A prle of the the Acid Gas Biofilter. The vertical white pipes are
the air inlet pipes. Outlet pipes cannot be seen. The edge of the wood

“chip biofilter can be seen in the foreground.
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[ F-- Flowrate Measurement Point
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LC- Load Cell for Weight: Measurement
M - Media Sampling Port - .
P - Differential Pressure Measurement Pornt
'pH - pH Measurement Point
S - Solenoid Valve,
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14 13 )
‘ Porous Base
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Box = “Acid
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Figure 3.2 Biofilter Schematic"
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Figui‘e 3.3 Method used to add the vOC Mixtur.e to the inlet 6f both lateral 13 and 14.
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Detector

—" Waste Air

-

!

. Legend
F - Flow Meter
N .- Needle Valve
P - Diaphragm Pump
S - Solenoid Valve -

“Jerome -

Meter

System Inlet

_AGB Outlet

Second Stage Outlet

Single Stage Outlet

B M —

Blank Air

Figure 3.4 | Sampling Network for Monitoring CO2, VOCs and H2S from Various

Points In the System
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Systefri Tnlet anf‘l‘AGB Outlet SamphngMethod

-qale
0.11pm -~ orifice R

1.5" Diameter
Sampling Hood

Figure 3.5  Schematic of sampling methods for EPA Method 18 and TO-14
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Sampling Hood | l A o| flow | Persona
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¥ : o !:lmeter' Fup

Second Stage Outlet and Single Stage Outlet Sampling Method

Figure 3.6  Schematic of impinger sampling methods for EPA Method 308
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ED FRoM ANALYTICAL STING EXP)

| 40 IESSONSLEARNED

‘,Imt1a11y, air samples were analyzed by EPA Methods 8015 and 8240 at the suggestmn of our
analytical company. These methods are, in the1r original form, for water samples. The
analytical company modified thesé methods for use with air samples. However, these methods
- were either not properly followed or the methods themselves are completely 1nappropr1ate ‘The
results from the analytical company were consistently- ‘blank for - all compounds though We Were -
~adding VOCs to the system and knew the inlet concentration to be on.the order of 1 ppm for each
* contaminant added. Samples were collected i in Tedlar bags, which i is a commonly employed
- sampling method. Because of the relatively low concentrations, it is’ p0551b1e that some

T adsorphion o The Walls dctiired, However, this was ‘expected 1o have only a minor éffectonthe = i

‘analytlcal results After sw1tchmg to EPA Methods 18 (for Isopentane and methanol) and TO-

14 for' the remaining VOCs, results obtained were on the order ‘expected for most compounds Sl

However problems pers1sted w1th analysrs of methanol and 1sopentane

The detection 11m1t for 1sopentane and methanol by EPA Method 18 is 0. 2 ppmv. ‘Therefore,
with a design inlet concentration of 1 ppmv for 1sopentane the maximum measurable removal
efficiency (R.E.) was 80%. The expected R.E. was only about 50% (F1gure 5.3). However,
~ when the actual inlet concentration was less than the design, problems did occur. In fact, in the
first sampling event, the 1nlet concentration was only 390 ppbv. Therefore, our analyt1cal -
company attempted a concentrat1on procedure to decrease the detection limit. This was effective
for isopentane. However, methanol was not detected .in these samples Apparently, the
concentration system caused water droplets to form. Because methanol is miscible in water the
methanol completely dissolved in the water. :

In an attempt to obtain reasonable results for methanol, EPA Method 308 was implemented.
After initial attempts to. trap methanol on silica gel failed, an impinger method was used to trap
methanol (as discussed in the methods section). The method proved to be effective, and it was
used until the completion of the project.

It is difficult to reconcile the variability of the data. After the first few sampling events, there is
no indication of analytical error. The analytical companies we used were diligent to run
laboratory blanks and calibration standards in a timely manner. We suspected that variability in
the data occurred because of fluctuations in the inlet concentration. The contaminant addition
system described previously was susceptible to fluctuations with change of temperature. During
sampling the system was watched carefully to minimize these fluctuations, but they could not be
eliminated.

In summary, it appears that the use of summa canisters and TO-14 was an effective method for
obtaining representative samples of most of the biofilter contaminant concentrations in this
study. Contaminants that have a very high solubility in water should be collected in water using
an impinger method. EPA Method 18 is effective for analyzing isopentane and other common
components of gasohne but difficulties arise from the high detect1on limit.
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s, e RES“,’?’{TTS AND DISCUSSION

, VOC removal effic1ency R E. ) for the AGB alone and the two-stage biofilter are compared w1th ;
- the R.E. of the single stage biofilter in Tables'5. 1 and 5.2 and also in Flgures 5. 1 5. 2 and 5.3.
: Hydrogen sulﬁde removal efﬁ01ency is presented in F1gure 5.5. :

Remwal efﬁcrency in-the- bwﬁlters isbotha ftmctmn of the broﬁlter s-empty bed residence time -
(EBRT) and the acclimation period of the biofilter. In AGB removal- efﬁcrency 18 relat1ve1y poor-.

in Phase 1 with an EBRT=32.6 secords in comparison to Phase 2 (EBRT=22.2 sec). Some

-~ compounds (e.g. methylene ¢ chiloride and chloroform) have removal efﬁc1enc1es greater in Phase-
 T3'(EBRT=12.1 sec) than in Phase 1. Clearly the biofilfer ecosystem was developmg and was not
'at steady-state dunng the demonstratlon

o Slow development of the culture may be a result of the a01d1c cond1t10ns Sa:mphng was not

initiated until the leachate pH was approximately 4. Throughout the study the leachate pH was

~ approximately . constant accept durmg periods of system upset. Under acidic conditions

heterotrophs, responsible for consuming VOCs, may have been stressed. Consequently,
degradation of complex compounds was expected to be suppressed.. However, removal
efficiency for all but the aromatics was in the range expected (Compare Predicted R. E. in Table .

3.2 with the results in Table 5. 4). Aromatics may have been poorly removed because of their
relatively low solubility in water, the complex1ty of their structure may have inhibited
degradatton and transfer rate 11m1tat10n espemally in Phase 3.

The results ‘were used to predict the treatment that would occur at an EBRT of 60 sec. The

calculation was done by assuming an exponent1a1 dechne in' concentration as descnbe in the
model of Hodge and Devinny (1995) :

RE.= exp(=bK, EBRT) x 100%

where bK,, is the product of the biological degradation coefficient and the contaminant air-to-
liquid mass partitioning coefficient. The constant bK,; was derived for each average efficiency,
and used to calculate the expected treatment efficiency at an EBRT of 60 sec. Results are shown
in Table 5.3. The results from Phase 1 were much lower than for Phase 2 and 3. However the
data were also highly variable and should be viewed with caution. In general, the results of the
model predict very good removal efficiency for most compounds. Interesting, methylene
* chloride, chloroform, and MtBE each have a trend of increasing removal with respect to time.

This indicates that the microbial culture was adaptmg for these compounds even towards the end
of the project. '

The two-stage bioﬁlter had results similar to- the AGB alone. The first stage (the AGB)
effectively removed a majority of the H,S (Figure 5.5) from the air stream, preventing
acidification of the wood chip medium. The lower section of the single stage biofilter

experienced very low pH condrtlons (Table 5.6), which presumably Wlll enhance the degradat1on
of the medium.
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“The second stage of the two—stage broﬁlter only modesﬂy mcreased the removal efﬁclency of theff o

- biofilter system. ~This may have been a factor of the medium chosen. The wood chips were - |

relatively large, limiting the surface area on which VOC-degradmg microbes live. Pulse tests
indicated that the porosity of the medium was low (~30%) thereby limiting the passage way of
‘the air and: decreasmg the actual contact time of the. air in the medium. Wood chips were chosen
- because of their size. POTWSs have experienced- dlfﬁcultles with the use of compost in acidic -

.condmons (Reyes 1998). - Large- -weod- chrps ‘were -expected to- have greater Iongevrty and -

‘ reduced head loss across the medlum

‘The results given and the results from the model assuming’ 60 séeond detention time indicate that'

T adequate Teoval ay be' accompl’isl‘ied By a’single Tow-pH biofilter With an’ hért médil fum SR

as lava rock. Specification of lava rock is straight forward and it can be sieved to any required
size. Compost and wood chips are difficult to'specify by a desrgn engineer because there are too

“many variables and there is no standard classification system. This alone has led many engmeers,
to not use biofilters at POTWs and other apphcatlons (Stevenson, 1999) :
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v 'fTable‘S"J* 1 Removal efﬁclency in Acul Gas Bmﬁlter durmg the project Each
o value for the AGB is an average of three samples Results for the
: smgle-stage bloﬁlter are an average of nme values

| R.EV."’for ‘

R.E. for AGB R.E.for AGB -RE. for AGB Single-Stage
at EBRT  atEBRTof atEBRTof “ =" "
of326sec 222sec - 12:1'sec AR
| ST | T Average
 Miéthyletie Chloride ““363% C2TS% T 391% 51.8%
Chloroform o ‘14.4% o 408%  323% - 278%
_ Toluene . 604%  915%  569% = 71.4%
Ethylbenzene 453% 656% - 399%  597%
m- & p- Xylenes 33.9% - 84.1% . 408% = 612%
o- Xylenes o 440% 842%  41.4% 56.1%
Acetone . 822%  993% - 79.4% 198.0%
MtBE ~ . 198% - 514%  521% - - 46.8%
Methanol - 96.2% = 81.5%  84.8% 97.3%

Isopentane ~~ - L A426% - 37.4% 654% - 63.5%

Table 5.2 - Removal efficiency in the two-stage biofilter during the project.
- Each value for the two-stage system is an average of three samples.
Results for the smgle—stage bloﬁlter are an average of nine values

R.E. for
Phase 1 - Phase 2 Phase 3 Single-Stage
(3 Tanks) (2 Tanks) (1 Tank) Biofilter
. ‘ - Average
Methylene Chloride 51.5% 126.6% ‘ »56.\4% 51.8%
Chloroform 14.2% 35.4% 51.4% 27.8%
Toluene o . 54.4% 92.1% 59.1% 71.4%
Ethylbenzene ‘ - 56.4% 97.6% 55.1% 59.7%
m- & p-Xylenes 49.7% 92.6% 452% = 61.2%
o- Xylenes ; , 55.6% 87.2% 46.9% 56.1% -
Acetone o : 92.5% 99.3% 99.5% 98.0%
MI(BE B 20.2% 45.2% 54.7% 46.8%
Methanol v 96.2% 81% - 99.0% 97.3%
Isopentane o 79.2% 41.1% 78.4% 63.5%
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~ Tables3

Predlcted percent removal effictency in AGB lf EBRT -

. was 60 sec.
' Predlcted Predlcted " Predicted
%RE.at - %RE at ~ %R.E. at
- EBRT=60, EBRT=60, EBRT=60,
- Data-from  Datafrom - - Datafrom
Phasel - Phase2 = Phase3
ar -Methylene Chlonde 337 640 91.2
R e g Cggr T 364 e
. Toluene - 80.6 998 95.6
N Ethylbenzene | , 649 93.1 90.9 .
- m- &p-Xylenes 44 992 -86.1 -
o- Xylenes . - 68.7 1 99.2 91.4
Acetone 99.4 100.0 99.3 -
- MtBE 274 869 95.9
Methanol 99.9. 98.8 99.9 -
Isopentane 922 722 95.4
Table54  pH of wood chip medium at end of project. Bottom samples are
nearest the inlet. Lateral 12 is the control. Lateral 13 is the single-
stage biofilter and lateral 14 is the second stage of the two-stage
biofilter :
Lateral 12 Lateral 13 - Lateral 14
3 feet above bottom : 7.83 8.02. 8.01
2 feet above bottom 7.53 8.02 - 7.98
1 foot above bottom : 7.54 7.84 8.14
Bottom 7.44 249 7.89
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| Figure 5.1  Removal efficiency of organic contaminants in bioﬁltefs during
- Phase 1 of the demonstration. ‘ ‘
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Figure 5.2  Removal efficiency of organic contaminants in biofilters during

Phase 2 of the demonstration.
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6 0 DISCUSSION REGARDING BIOLOGICAL ACTIVITY

When a claim that blologlcal act1v1ty is actually taklng place it must be supported by facts

The removal efﬁc1encres dlseussed above eould only be accounted for by microbial |

: act1v1ty

Lava rock has a Very ‘small surface area (2 5 cm /g) compared with activated earbon S
* which has a surface area on the order of 1000 m /g Adsorptlon onto the lava rock is.

expected to be neghgible

The water Volume n the bioﬁlter is too small to account for removal of contarmnants

- For example the HZS in the air would reach equihbrium with H,S in water in 19
~minutes at the operation flowrates and inlet concentrations. “Abiotic degradation of
'H,S is not expected, therefore efﬁcrency ‘would fall to zero in a matter of minutes if

microbes were not contlnuously degradmg the contammants

Decrease in pH of leachate as a function of t1me (hydrogen: sulfide. ox1d1zed to
sulfuric acid) and increase in weight of AGB Tank 1 until pH reached approxrmately
4 (Figure 6. 1) At th1s low pH level, the weight stayed essentlally constant

k Lava Rock samples obtained at various depths 1ndicate that the volume of water on

the medium stayed essentially the same during the study (Figure 6. 2), however, the
volume of biomass increased over time (Figure 6.3). :

- Scanning Electron Microscope (SEM) images demonstrate a thick biofilm developed

on the lava rock medium (Figure 6.4 and 6.5) even at low pH encountered on the
rock. Active microbes were abundant on the rock (Figure 6.6).

The effectiveness of blological activity in biofilters has been generally accepted by

the scientific community for many years (Appendix A- References)
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Figure 6.2  Water content on lava rock medium at various depths in AGB.

‘ ' The water content essential was constant at most depths. Fluctuation
in the top part of medium occurred because of inadequate
humidification of the inlet air.
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B Figui?é 64 SEMi 1mage of lava rock at 12.4“magmf' cation. - Rock

~'was.covered w1th a white: bmﬁlm Apprommate s1ze
of rock is 10 mm (O 4 mehes) across.

Figre 6.5 SEM image of the edge of the lava rock at 1000
: ~ magnification. White material is biomass (most of it
is not living) with some cocci microbes.

- ———
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”-SEM 1mage of lava rock at 2,260 magmﬁcatlon ‘
Rod shaped microbes were abundant on the lava rock
-as can be seen in this image. The pH of the blofilm on
this rock was approxnmately 4,
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7.0 ENVIRONMENTAL IMPACT ASSESSMENT |

Biological treatment of air pollutants is appealing because biofilters are- a benign and
environmentally friendly technology’ The primary barrier to adoption of biofilter technology at
POTW's and other applications is the lack of operating experience. Plant managers are
understandably reluctant to adopt new systems without a successful track record. . Even the
California Air Resources Board- (CARB) was 1mt1a11y hesitant to support a non—mechamcal or

non-chemical system of treatmg air pollutants. ’

‘.Emtsmonsoffoulsmemnghy,dmgensulﬁdegasah&,mercaptans andothcrcompoundsha.ve e

generated complaints from nearby residents. These complamts £row more serious as increasing
development puts more homes near treatment plants. Recently, there has been talk at the United
- States Env1ronmental Protection Agency that H,S may be regulated :

The market for biofilters at POTW's is potent1ally huge and is a small fraction (10%) of the .
overall market for biofilters. ‘Conventional treatment of odors using: chlorine scrubbers is a
hazardous process that is chemical intensive. A biofilter can immediately replace a chlorine
scrubber system. If a POTW plant operator is afraid to rely entirely upon a biofilter, the chlorine
scrubber system (already a sunk cost) can be started and used to treat the odors as a back up
system : :

Volatile orgamc compounds (VOCs) such as benzene and trlchloroethylene are found in
wastewater flows as a result of illegal dumping. Venting of air spaces, and particularly aerobic
biological treatment release these compounds into the atmosphere. While concentrations are
generally not high, the large amounts of water handled by POTW's means that total emissions
can be significant.

The environmental benefits of the biofilter for POTW discharges includes reducing‘ odors,
neighborhood exposure to toxic chemicals, and generation of smog precursors.

The potential benefits of adoptlon of a dual stage bloﬁlter at publicly owned treatment works are
as follows: :

(@ Economic Benefits: Economic benefits will accrue first to sanitary districts in California,
which will have an inexpensive means of meeting their regulatory responsibilities.
Industry will benefit as more installations are made, providing employment for engineers,
contractors, and operators.  Cost savings will accrue to the taxpayers of the State of
California due to lower costs for treating foul vapors in the form of lower mumc1pa1 bond
costs. Based on work market research performed by The Reynolds Group, saving per
installation could amount to nearly $500,000 per installation at a POTW when compared
to operating a chlorine based scrubbing system. For every biofilter that is constructed,
two new jobs to California each year including design, permitting, construction, and
operating aspects of the systems. Already, at least three new jobs have been created as a

m
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(b).

: aecumulates‘,» the» op

- result: of thlS pm}ect As Ca.llformas cunulatwe expenence in bmﬁlters for POTW‘S o

| nities for California based experts to export their knowledge o

 other states and countries around the world will grow. Already, The Reynolds Group has .
received tremendous techmcal interest from Mexico, speclﬁcally Baja Cahforma '

Techmcall Beneﬁt,s:, Bloﬁlters .; are a supenor alternatl_vefto conventional \methods of
treatment such as burning (oxidation) where fuel costs' are high, ‘absorption  where

"con:tanunants are simply transferred from-the air to another medium (such as cartbon), and -

chemical processes that consume large amounts of chemxcals a;nd generate another.
d1sposa1 problem ' , , ~ ,

Eﬁvimfﬂnenta‘f Be”neﬂts Bloﬁlters are ’bemgn aif poﬂutlon ‘¢otitrol” devwes that use” 7

biological mieans to treat contaminated air streams. The filter medium is generally very
inexpensive and ava;llable When - the biofilter has run through its useful life, it can be
disposed without any special considerations. Bloﬁlters for POTW's are clean, "green" :

and soc1ally/poht1cally acceptable

Emissions from wastewater treatment plants are identified as significant air pollution sources.
The POTW cannot relocate, and has only partial control over the composition of wastewater it
receives. The amounts of air to be treated are substantial. Regulatlon and control of this -
pollution source will succeed when a techrucally feasible, economically viable Lechnology like

‘the dual stage bloﬁlter that succeeded in this pI'O_] ect is commermally
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f ;8 0 TECHNOLOGY TRANSFER
‘In order to accelerate the expansron of bloﬁltratron to end users, The Reynolds Group has

contrnued to underwrite, ﬁmd and manage several efforts armed at technology transfer

The Reynolds Group has 1nvested in the constructlon and 1mplementatron of an 1nternet Web site /~ ‘
that contains a séction for- bloﬁltratron and will soon contain links to other biofiltration web sites.

The web site contains a very simple inquiry system so-that potential customers may contact The -
- Reynolds Group directly when the have a. potential application.  When biofiltration is searched
~ on the World Wide Web, The Reynolds Group's biofiltration capabilities are often found.

o Currently, approxnnately 51x new leads per month are belng generated through the web s1te R "

As a result of the he1ghtened mterest in The Reynolds Group s bloﬁlter capabrhtres Theu
> Reynolds Group has ernployed a full time business development representative to respond to and

i - address potential customers' specific biofiltration needs. .Because of the broad range of biofilter - ;

apphcatlons for 1ndustry, a particular chent requlres special attention be directed at the specrﬁc
4 'efﬂuent application. . ‘As a result, there is a growing demand on the busmess development
representatrve s time to explaln and describe the biofilter applrcatron

/ “The Reynolds Group has proposed several pllot scale demonstratrons of biofilter applications. -
- The California Air Resources Board was instrumental in 1ntrooucmg the firm to the Louisiana -
Pulp and Paper Company in Humboldt County, California.  As a result of that meetmg, The

"~ Reynolds: Group has advanced its understanding of the H,S problems at pulp and paper mills so

- that in the coming year there is a very good chance that addrtlonal biofilter pilot units might be
: demonstrated in the industry. Other pilot scale studles are in the negotiation phases

During the ICAT contract—operatmg perrod The Reynolds Group has invited numerous

interested parties to visit and see the biofilter technology on site at the Ojai Valley Waste Water

District. The grand opening of the wastewater plant expansron project was attended by more

~ than 200 regulators, politicians, and environmental interest groups. Since then, many interested

parties from other POTW's have visited the site to view for themselves the technology. Most -
recently, a team of POTW experts from Ensenada, Baja California, Mexico have visited the site
to see for themselves if the biofilter technology that has been created here in California can be

apphed to control the severe odor problems in the state.

Every other year, The Reynolds Group in conjunction wrth the University of Southern California
sponsors a Conference on Biofiltration. Every other year the leading researchers, vendors, and
users of biofilters gather in Los Angeles to discuss the latest issues regarding biofilters. As a
result of the last conference there was a move afoot to start a Society of Biofiltration and a
committee was formed to establish the society.

In addrtlon to the above efforts at technology transfer, the followmg papers have been presented
~ at various technical conferences: S
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. | vDerek Chltwood and. .Ioe Devmny have been 1nv1ted to present a paper tltled "Two‘

s Stage ‘Biofiliration of Sulfides and VOCs from ‘Wastewater Treatment Plants" atthe
IAWQ Internatronal Specralty Conference of the Chemical Industry ‘Group;  Waste~

Minimization and End of Pipe Treatment in Chenncal and Petrochemlcal Industnes ,
Menda Yucatan Mex1co '

e ) Derek Chitwood and Joe Devmny have submitted a techmcal paper entltled Co-

. Treatment of VOCs in Low-pH Sulfide Biofilters for presentation at the Air & Waste
Management Assomatlon 92nd Annual Meetlng & Exhlbltlon June 20-24, 1999 1n St
Lou1s Missouiri :

e “’Iﬁerek C“h1twood J o¢ Devinny, and Ed Reynolds presented a techmcal paper entrtled Two” R

Stage Biofiltration for Wastewater Treatment of Off-Gases for presentatron at the Air &
‘Waste Management Association 92nd Annual Meetlng & EXhlblthn June 14-18; 1999 in
~ San Drego Cahforma S

. Derek ChlfWOOd and Joe Devinny presented a technical paper ent1t1ed "Flow .
Heterogneity in Low Head Loss Biofilter Media" to the October, 1998 Conference on
‘Biofiltration that ‘was held Los Angeles, California and that was sponsored by The ‘

o Reynolds Group and the Un1vers1ty of Southern Cahfornla

One of the major contributors to the transfer of th1s technology will be the support and credence ‘
lent to the project by the CARB. . The Reynolds Group will work with the CARB to promote and -
accelerate this technology into the market place , r -
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o f“‘f‘9 0 CONCLUSIONS AND RECOMMENDATIONS

" This report has summarlzed the year long full scale demonstratlon of the two stage bloﬁlter at

the Ojai Valley Sanitary District's newly modernized POTW. ‘Topics presented in this report
included a description of the demonstratlon the samphng methods and - the results. The -
conclus1ons of this pI‘O_] ect are that

)

)

k)A

1)

‘m)

n)

a lava rock pre-stage biofilter can be a very effectlve means of removing H,S and VOCs
- from the waste air flow stream at a POTW or other facility where HoS i is a component of
the efﬂuent '

"the low pH bloﬁlter can effectlvely treat HyS em1ss1ons at contact times. as low as 12
seconds whlch means that the pre-treatment unit can be sized very small and that current.
compost based biofilters may be over de51gned : '

lowenng the pH in the first stage of the biofilter neutrahzed the pH in the second stage of
the biofilter resultlng 1n longer 11fe of the second bed, ' :

lava,,rock provides an excellent medlum for a low pH bloﬁlter,

'VOCs can be removed in the low pH biofilter,

internet based instrumentation and software that can monitor and control the performance
of the biofilter from remote locations have serious implications for the business model
that w111 successfully compete in the industry, and

traditional problems ; associated w1th bloﬁlters including a01d1ﬁcat10n flow heterogenelty
and measurement can be resolved with proper des1gn and sufficient operating expenence

-~ The Reynolds Group reCommends that biofilter technology for‘ treatment of air streams at

POTW's be certified by the Ofﬁce of Environmental Technology of the State of Cahfornla Air

‘ 'Resources Board.

TRG-4879 4 | | The Reynolds Group/USC
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