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ABSTRACT

Thereisagrowing concern for adverse effects of untreated discharge from concentrated animal
feedlot operations (CAFOs) inthe Midwestern states. Ample dataexist to show that waste dischargefrom
livestock operationsisamajor contributor to the contamination of surfacewater systems. A fluidized-bed
combustion system was designed and fabricated in our |aboratory for treatment of the waste from livestock
operations. Fuel for the burner isderived from thelivestock wet-waste durry (15-20% solids). Thedurry is
fed into thefluidized-bed dryer maintained at approximately 650°C (1200°F). Hot combustion gasesare
used to remove excess moisture from the waste stream in afluidized-bed dryer. Dry solidsarefed into the
solid-fuel burner. High temperatures and long residence times ensure compl ete destruction of resdua
pesticides, herbicides, pharmaceuticals, and microorganisms such as Salmonella and E. coli. The process
holds promise asan economica meansof treatment for thewet farm waste.

K ey wor ds fluidized bed, combustion, pesticide, antibiotics, anima waste

INTRODUCTION

U.S. Environmenta Protection Agency (EPA) reports state that rural and urban runoff accountsfor
morethan one-hdf of al water pollution. Runoff from anima feeding operationsin particular hasbeen
associated with threat to human health and the environment. EPA estimated that 41 percent of thetotal non-
point source (NPS) pollution resultsfrom agricultura sources, and athird of that isattributableto large
CAFOs. Water quality concerns such asthe spread of pathogens, resdua antibiotics, and pesticideshave
become serious. In addition, noxious odorsemitted from thewasteareamgjor nuisancein vicinity of such
operations. Clearly effective and economica treatment technologiesare required to reducethe discharge
volume, destroy pathogensand other harmful componentssuch asresidual pesticides, and diminateor reduce
odor. Inadraft planissued March 5, 1996, by the U.S. EPA, planswere madeto regulate runoff from factory
farmswith largenumbersof cattle, pigs, and chickens. Thedraft plan callsfor aggressive enforcement of the
CleanWater Act permit requirements. It isestimated that these requirementswill affect gpproximeately 450,000
animal feeding operationsinthe United States. In Missouri done, approximately 3.3 million head of swineare

raised every year. Annua wasteresulting from these operationsisestimated to be 19,500 tons.
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Itisanticipated that reduction in anima waste runoff would lower or eliminatethe excess nutrients
which are contaminating lakes and streamsin stateswith large livestock feed operations. Thispollution has
been blamed for drinking water contamination, fish kills, noxious odors, and ahost of other deleterious
environmenta effects. In Missouri, the runoff stuation isparticularly acute with the swinefeediots. These
operationsare centered in northwestern Missouri, and smilar Situationsexist in other states. Theestimated
volume of wet solid waste resulting from these operationsis approximately 1 milliontons. Thesewastesare
richin carbonaceous materials, urea, and related ammoniacal compounds and noxious sulfurousvolatiles.
Combustion processes hold potential for rendering wastesfrom CAFOs harmless; however, energy costs
associated with combustion treatment of high moisture content wastes can be prohibitive. Tominimize
operationd costs, asmple salf-fueled, fluidized-bed combustor was designed and eval uated at the Univer-
sty of Missouri —Rolla. Thedesign, operation, and efficiency of the combustor, intermsof pathogen and
pollutant destruction, are presented in thisarticle.

EXPERIMENTAL

Chemicals

Pedticide standards, including adicarb, atrazine, carbaryl, carbofuran, chlopyrifos, diazinon, methyl
parathion, pendimethalin, permethrin and triflurain, with purity higher than 99% were obtained from Chem
Service, Inc. (West Chester, Pa.). Antibioticstetracycline (TC), oxytetracycline (OTC), and chlortetracy-
cline (CTC) wereobtained from Durvet, Inc. (Blue Springs, Mo.), Anima Health (Exton, Pa.), and Fort
Dodge Animal Hedlth (Fort Dodge, lowa), respectively. The HPL C-grade solvents, such asmethanol,
acetonitrile, hexane, methylene chloride, and iso-octane, and other chemicalsincluding certified A.C.S.
grade anhydrous sodium sulfate, acetic acid, oxalic acid, nutrient broth, etc., were purchased from Fisher
Scientific (Fairlawn, N.J.).
Design of the Fluidized-Bed Combustor

Thefluidized-bed combustor wasfabricated in thelaboratory. A schematic of the combustor isgiven
inFigure 1. The combustor consisted of a265 cm x 15 cm steel combustion tube. Asan auxiliary burner, a
150,000 BTU, gas-fired burner is attached to the combustion tube. An air-distribution plate housed in a20
cmx 20 cm stedl tubeisattached to the bottom of the combustion tube. An auger-type dry feeder isalso
attached to thelower part of thetube. An auger-typefeeder for wet waste (Model 18221, Dry Solids
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Processing Equipment, Metaflab, Inc., Vernon, N.Y.) isattached to the top of the combustion tubethrough
a90 cmx 27 cm stedl tube. Thefeed rate of the wet waste and dry matter iscontrolled with variable-speed
DC motors(Moded 253G-200E, Dart Controls, Inc., Zionsville, Ind.). The combustion output from the
combustor ismadeto passthrough acyclone. Char from the cycloneiscollected and introduced into the
combustor through the dry matter feeder.
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Combustor Operation

The combustor operation wasinitiated by passing sufficient air through the sand bed abovetheair
distribution plateto fluidize the sand bed. Volume of the fluidized sand bed was approximately 2.5 timesthe
volume of the sand bed at rest. Aiir for thefluidized bed and auxiliary gas-fired burner was provided by a
ring compressor (Model VFC500A-7W, Fuji Electric Corp. Ltd., Tokyo, Japan). Theflow rateswere
regulated with butterfly valves and monitored through pressure drop acrossacalibrated orificeplate. The
auxiliary propane burner wasthenignited, and thefuel flow ratewas maintained at 2.84 liter/min until the
temperature of the sand risesto ~5500C. Thetemperaturesinsg de thecombustion tube were monitored
with thermocoupl es placed 30 cm apart along the length of the combustion tube. Once the temperatures of
the fluidized bed stabilized at ~ 550 OC, the wet waste feed wasintroduced into the combustor, and the
feed ratewasvaried by changing speed of the auger feeder with avariable-speed motor. Feed rate of the
wet waste was adjusted to maintain the fluidized bed temperature at or above ~550 0C. Once the combus-
tion of thewet waste had stabilized, the propane burner wasturned off. Wet feed wasthen continuoudy
introduced and combusted in the self-fuel ed mode of operation without auxiliary fuel.

The combustion by-productswere madeto flow into the cyclone, which separated particulate
matter including char (partialy burnt organics and carbon) and sand from the combustion gases. The par-
ticulate matter wastransferred to the dry matter feeder and used as combustor fuel.

Combustor Evaluation

Operation of the combustor was eval uated with wet, crushed soybean hulls. M oisture content of
hullswas determined gravimetricaly by placing pre-weighed samplesof hullsinan ovenat 1100C. The
hullswere dried to aconstant weight, and the difference between theinitia weight and the dry weight was
used for assessing the percent moi sture content. The moisture content was adjusted by adding water.

Destruction efficiencies of the combustor were assessed by fortifying wet waste with known con-
centrations of microorganisms, antibiotics, herbicides, and insecticides. To minimizethe effect from antibiot-
icsfortified prior to the combustion, microorganism fortification was carried out on separate samples of
soybean hull feed. Microorganism destruction was assessed with E. coli and salmonella. A 500ml of E.
coli and a500ml of salmonella cultures grown overnight were added to 20 kg of wet soybean hullswith

varied moisture content. Separate batches of wet soybean hullswerefortified with adicarb, atrazine,
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carbaryl, carbofuran, chlopyrifos, diazinon, methyl parathion, pendimethalin, permethrin, triflurdin, antibiot-
icstetracycline, oxytetracycline, and chlortetracycline. Concentrations of antibiotics, insecticides, and
herbicidesin the wet soybean hullsranged from 14 to 138 parts-per-million (ppm).

Combustion by-products, i.e. char residue and exhaust gasesfrom the cyclone, were collected and
analyzed for resdual microorganisms, antibiotics, insecticides, and herbicides. In addition, exhaust gases
were analyzed with acombustion gas analyzer for O,, CO, CO,, and NO . Exhaust gas samplesfrom the
combustor were dried by passing them through aflow-through chiller (Model KR-60A, Poly Science,
Niles, I1l.) prior tointroducing into gasandyzers. The CO and CO, concentrationswere determined with
aninfrared andyzer (Modd 300, CdiforniaAndytica Instruments, Orange, Cdlif.). A paramagnetic andyzer
was used for O, determination, and achemiluminescence-based analyzer (Model 951A, Rosemount
Anayticd, Orrville, Ohio) was used for NOx determination.

Pesticide and Herbicide Residue Analysis

Residual pesticides, herbicides, and antibioticsin the combustion char and exhaust gaswere ana-
lyzed with gas chromatography —mass spectrometry (GC-M S) and high-performanceliquid chromatogra-
phy (HPLC). Stepsinvolved in these analyses were adapted from officialy recommended methods (EPA,
1994,1996, and 2000) and previoudy published procedures (Fodor-Csorba, 1992; Tekel and
Kovacicova, 1993) and are summarized below.

Sample Extraction and Cleanup

To ascertain thefortification uniformity and average concentrations, 10g diquotsof fortified soy hull
wereextracted and analyzed prior to combustion. To establish destruction efficiency, 10g diquotsof the
residua char were collected from the bottom of the cyclone. These sampleswere mixed with 40g to 80g of
anhydrous sodium sulfate to completely dry the samplesand obtain afree-flowing powder. Thedried
samplewas extracted overnight in a Soxhlet extractor with 300 ml of methylene chloride. Immediately after
extraction, 0.5 ml of isooctane was added to each extract. The extractswere concentrated downto~2ml
with arotary evaporator. The solvent was exchanged to hexane and again concentrated downto~2mL. To
remove co-extracted lipidsfrom the extracts, each was partitioned three timeswith 20 mL of acetonitrile.
The acetonitrile extractswere combined and divided into two equal portions. One portion was concentrated

downto 1 ml with arotary evaporator, followed by nitrogen blow-down for HPL C analysis. The second
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portion of the acetonitrile extract was evaporated to about 2 ml and then combined with 10ml iso-octanefor
solvent exchange, and evaporated to 2 ml for GC-MSanalysis.

Samplesfrom the gas exhaust were collected by splitting the stream of exhaust gasesexiting the
cyclone, passing it through animpinger containing 60ml of deionized water (for HPLC) or iso-octane (for
GC-MS), and bubbling it for 20 min at the flow rate of 0.5L/min. These sampleswereanayzed withHPLC
and GC-M Swithout any further process.

High-Performance Liquid Chromatographic Analysis

The HPL C analysiswas performed with aHitachi Model L-7300 HPLC system (San Jose, Cadlif.),
with dual-piston pumps, an auto-sampler, and adiode array detector (DAD). Separationswere carried out
witha4.6 x 250 mm C_, column (Purospher RP-18) with an end-capped stationary phase. The mobile-
phaseflow ratewas 1 ml/min. A gradient elution program was used to achieve desired separation of
ddicarb, carbaryl, and permethrin. Composition of the mobile phasewasfrom65 % A: 35% B for 2 min. and
changeto 50% A : 50% B intwo minutes, and thento 100% B inthe next 17 minutes. Both solvent A (water)
and solvent B (acetonitrile) contained 0.1% acetic acid. The separated analyteswere monitored at awave-
lengthinthe210to 300 nmrange. Quantitative determinationswerecarried out at 210, 254, and 280 nm.
Gas Chromatography — Mass Spectrometric Analysis

GC-MSanayseswere carried out with acapillary gas chromatograph interfaced to aquadruple
ion-trap mass spectrometer (Model Saturn 2000, Varian Instruments, Walnut Creek, Cdif.). Chromato-
graphic separationswere achieved with a30m x 0.25mm fused-silica capillary column coated with a95%
methyl + 5% phenyl polysiloxane stationary phase (DB-5, J& W Scientific, Folsom, Calif.). The GC operat-
ing condition wasasfollows:. carrier gashdium flow rateat 1 mL min', injector temperature at 280°C,
column oven temperature program from 60 to 280°C at 20°C min' rate.

Antibiotics Determination

Antibioticsinthefortified soybean hull and resdua char, aswell asexhaust gasfrom the combus-
tion, were analyzed with the HPL C method with afew modifications (Cunnif, 1997). Briefly, 1g aliquot of
fortified soybean hulls or 0.35g to 0.5g aiquot of char wasweighed into a30 ml vid with cap. Theantibiot-
icswere extracted with 10ml methanol. The extract was centrifuged and the supernatant wasfiltered through

a0.2mfilter, and analyzed by a1090 Series |l HPL C system (Hewlett Packard I nstruments, Wilmington,
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Dd.) withaUV detector. Separations of antibioticswere achieved witha3.9 mm (i.d.) x 150mm C18
column (NovaPack, Waters, Milford, Mass.). The mobile phase was 35% acetonitrile/ 65% of 0.01M
oxalicacid solution at aflow rate of 0.5ml/min. The absorption wavel ength was set at 350 nm.
Microorganism Detection

Aliquots of soybean hullsfortified with E. coli and salmonella, and char residue obtained fromthe
cycloneof thefluidized-bed combustor, were collected in separate Sterilized petri dishes. The contentswere
transferred to culture test tubes containing nutrient broth. In addition, asplit stream of the exhaust gases
exiting the cyclonewas made to passthrough an impinger containing 60ml of nutrient broth. A small portion
of thissamplewastransferred to aculturetest tube. The culture test tubeswith the sampleswereincubated
at 37°Cfor 24 hours and examined for the presence of microbia growth through turbidity measurement.
Proximate Analysis

Themoisture, volatile matter, ash content, fixed carbon of the soybean hulls, and char were deter-
mined through proximate analysis (Potter, 1959). Moisture content was determined by heating 1g of sample
a 110°Cinanovenfor 1 hour. Theweight loss of the sample during this period yiel ded the moisture con-
tent. Volatile matter was determined by hesting 1g of sampleinacovered platinum cruciblefor 7 minat 950°C.
Theweight lossduring the period was used to determinevol atile matter. Ash content was determined by
heating 1g of sampleinan uncovered platinum crucibleat 750°C until thesamplewascompletely burned. A
congtant weight of the sample after repeated heating indicated the complete combustion. Fixed carbonwas
determined asthe difference between total massand the sum of themoisture, ash, and volatile matter. These
determinationswere carried out withamufflefurnace (Type 30400, Thermolyne, Dubuque, lowa).
RESULTSAND DISCUSSION
Combustion

Thewet feed materia introduced from the hopper into the top section of thereactor fallstowards
the bed at the bottom, and during thefall the material isdried and partially combusted. Exhaust gasesfrom
combustion are cooled during the drying period of theincoming wet feed. Thefluidized bed insureswell-
mixed oxidation of thefeed material and providesthermal stability. Thetop feed setup permitsamore
stable operation because the feed is dried before complete combustioninthe bed. Theair supplied by a

small blower bel ow the distribution plate resultsin aconstantly stirred, bubbling bed, fluid combustor.
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Thebed dso includesagas burner for heating required to reach theinitia operating conditions of
the system. Once stability has been obtained, the gasisturned off and the operating conditionsrecorded to
insureindependent operation. Figure 2 showstheinputsand outputs of the system. The bed temperature

(T,) isgreater than theflue gastemperature ng. Theequationisapproximately:

m, HHV +muc,, (T, - T,)+ Mar c o (Ty, - To) =

Mig C g (Tyg - Ta) +Me C o (T - To) +Mu(970.3+05(T,, - 212)) +(212- T,)

where

mfg = (r'na,-r +my ) massflow rate of thefluegaslb/min

Tohar = Tig temperature above °F

M massflow rateof theair [b/min

oy massflow rate of thedry feed Ib/min
Mw massflow rate of thewater in feed
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Me massflow rate of the char Ib/min

T, ambient temperature °F

Tair temperatureof air °F

T, temperature of feed °F

T temperature of theflue gas°F

cpair specificheat air (BTU/Ib°F)

cpfg specific heat fluegas

cpmj specific heat feed materids

pr specific heat water

cpchar specific heat char

HHV higher heating vaue of thedry feed

The source of energy inthe systemisthe organic matter inthefeed materials. Energy outputsare

the hot flue (the massflow of theflue gastimesits specific heat, plustheenergy content of thewater vapors
exiting the combustor and theresidua energy inthechar. For the systemto be stable, the energy inmust equal
theenergy out. If theinput isgreater than the output, thetemperaturewill increase. If theinput isless, the
temperaturewill decrease. The bed temperature must remain~5400C or higher to provideatemperature-

controllablereactor system. The system operated very well and stability waseasy to obtain.
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Operation of Combustor with Wet Waste

The combustor operation was assessed over arange of wet-waste feed rates. With proper adjust-
mentsof thefluidized-bed air flow, the combustor could be operated satisfactorily over feed ratesranging
from 0.022 —0.33 kg min™ in the self-fueled mode without the need for externa fudl. Thefluidized bed
could be maintained at sufficiently high temperaturesto initiate combustion of the organic wastewith mois-
ture contents up to 65 percent asshown in Figure 3. Under these conditions, the thermal energy output was
sufficient to remove moisture and sustain combustion. At moi sture content greater than 68 percent, the
temperature of thefluidized bed and the combustion tube plummeted dramatically. Self- fueled combustion
could not be sustained beyond 68 percent.

Exhaust gas from thefluidized bed combustor was analyzed for O,, CO,, CO, and NO, during the

combustion of wet feeds. Content of the combustion gasfor the soybean hull feeding with two different

50% Wet Soy Hull 65% Wet Soy Hull
O, 0.69% 0.20%
CoO, 18.56% 14.52%
CO 2.09% 7.03%
NO, 138.5ppm 61.0ppm
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moisturelevelsarereportedin Table 1. It isapparent the combustion requiresadditiona air to reducethe
high CO content inthefluegas.

After combustion of the soybean hullswith avariety of moisture contents, proximate analysisresults
show that the char residue containsthe same percentage range of moisture, volatile matter, ash, and fixed
carbon regardless of themoi sture content of the feeding soybean hull. Resultsfrom the proximate analyses
of both the wet soybean hull sample and char residue collected are shownin Table 2. Thechar residue
collected from the combustion of the wet soybean hull sample was approximately 8-10 % of the dry weight
of soybean hull used.

Pesticide and Herbicide Destruction

To check the effectiveness of destruction of the hazardous pesticides and herbicidesby thisfluid-
ized-bed combustor, ten different pesticides and herbicideswerefortified in the feeding soybean hull, and
theresidueswere analyzed by GC-M S and HPL C techniques. Among the ten hazardous chemicals, seven
were detected by GC-M Sand the other three, including aldicarb, carbaryl, and permethrin, were detected
by HPLC. To verify the method recovery, deuterated isotopes of anthracene and naphthal enewere used as
asurrogate and an internal standard, respectively. A typica GC-M S chromatographic profile of the seven
pesticides and herbicidesin fortified soybean hull feeding and char collected after combustion areshownin
Figure4, aand b. Thefigureshowsthat al seven pesticidesand herbicides, aswell assurrogate and
internal standards, werewel | separated under the experimental conditions. After combustion, all of the
fortified hazardous chemical swere completely destroyed, and nonewere detected in the char resdue. Detailed
resultsfor dl of thechemicadsand samplesareshownin Table3. HPL C analysisresultsof thethree polar
pesticidesand herbicidesin thefortified soybean hull feed and char resdue samplesaredso showninthesame

table. Noneof thetarget chemica swere detected in the char by-product after combustion.

Soybeen Hul Char Residue
Moisture (%) 108—12.9 40—6.7
Volatile Matter (%)  73.4—74.6 20.1—256
Ash (%) 40—4.1 339403
Fixed Carbon (%)  105—117 316—39.3

2002 Proceedings—Waste Resear ch Technology



i

SR D R T PO P —

;
|
b

___l___ﬂ_,_.,.uu. S T e ey

Time (minutes)

To confirm that remova of the hazardous chemical swasthrough thethermal destruction and not
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through the volatilesin gasexhaust, theimpinger samples collected from exhaust gaswere dso andyzed by

GC-MSand HPLC methods. None of thefortified pesticides and herbicideswas detected in the gas

samplesabovethe detection limitsof theanayss.

Triflurdin
Carbofuran
Atrazine

Diazinon

Chlopyrifas
Pendimethalin
Aldicarb
Carbaryl

Permithrin

Methyl Parathion

Soy Hull 50%
Memn + RD

13.84+33.5%
28.08+3.2%
19.04+1.8%
24.68+6.2%
28.04+3.4%
15.96+1.8%
18.2+0.9%
15.74+6.3%
20.3+8.8%
15.02+5.5%

Char 50%
Memn + RD

<4x10*
<8x10*
<4x10*
<4x10*
<8x10*
<8x10*
<8x10*
<2x10*
<4x10*
<4x10*

Soy Hull 65%
Memn + RD

20.52+28.8%
4503+5.7%
36.28+6.9%
38.52+3.4%
N/A*
22.86+16.3%
30.11+13.2%
32.63+13.4%
35.86+8.5%

33.75+12.1%

‘ Concentration (ng/g dry sample) ‘

Pegticides'Herbiades

Char 65%
Memn + RD

<3x10*
<6x10*
<3x10*
<3x10*
N/A

<6x10*
<6x10*
<2x10*
<3x10*
<3x10*

*N/A - Not analyzed since methyl parathionisnot fortified in soybean hull with 65% moisture.
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Antibiotics Decomposition

Tetracycline, oxytetracycline, and chlortetracycline are three of the most widely used antibioticsfor
theanimals. These pharmaceuticalsare generally present in anima waste and are one of the main sources
for environmental pollution. In thisstudy, these antibioticswere added to the soybean hull feed for combus-
tioninthefluidized-bed combustor. The collected combustion residues and fortified feedingswere anayzed
by HPL C to determine the decomposition of the antibiotics. Resultsof theanalysisare shownin Table4.
All three antibioticstested were compl etel y destroyed by the combustion process, and no resdueswere
detected in the char or exhaust gas.
Microorganism Destruction

Harmful microorganisms present in anima wastesareamajor concern for animal diseasesand
water pollution. Totest the potentia of thefluidized-bed combustor for killing microorganisms, cell cultures
of E. coli and salmonella were added to the soybean hull feeding. Contaminated soybean feeding prior to
combustion and char res due and exhaust gas from the combustor were cultured for determination of
combustion gterilization efficiency. Test resultsof the cell culturesof thefortified-soybean hullsand the
combustionresiduesareshownin Table5. All of the char residue samples and gas exhausts collected from
the combustion of microorganism fortified soybean hulls containing 50 - 65% moisture werefree of any
microorganisms. No cell growth in the combustion by-product samplesindicated that fortified E-coli and

salmonella, aswell as other microorganismsin the soybean hull feed, arekilled by combustion.

‘ Concentration (ng/g dry sample)

Antibictics Hull 50% Char 50%  Hull 65% Char 65% Exhaut Gas
MeatRS®D MeartRD MeaHRD  MearRSD MeatRSD
Oxyteracydine  49.11+3.0% <0.5 137.9+9.9% <0.5 ND*
Tetracydine 22.5+20.2% <0.5 35.28+7.2% <0.5 ND
Chlortetracydine  62.21+32.9% <20 106.4+35.4% <20 ND

*ND-Not detectable
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CONCLUSIONS

An effective and economica fluidized-bed combustor system for treatment of thewastefrom
livestock operations hasbeen devel oped. Thissdlf-fueled combustor system can operate without theinput
of externa energy by utilizing the organic matter in thewaste. Combustion of thefeeding materia upto
65% moi sture generated the operation temperature above 650°C with feeding ratesranging 0.022-0.33 kg
per min. Dueto the high operation temperature and long residencetime, hazardous chemicalssuch as
pesticides, herbicides, and antibioticsin the feeing materia were completely destroyed during combustion.
Inaddition, al of themicroorganisms present in thefeeding materia werekilled completely during the

combustion process, thereby having the potential to destroy other pathogens.

Sample # Sample Description Test Results
0 Control blank -
1 Soybean hull feed sample with +
50% moisture
Char residue from comustion of

2 -
sample #1
Soybean hull feed sample with

3 50% moisture + Salmonella +
culture
Char residue from comustin of

4 -
sample #3
Soybean hull with 50%

5 moisture + Salmonella + E. +
coli culture
Char residue from combustion

6 -
of sample #5
Soybean hull with 65%

7 moisture + Salmonella + E. +
coli culture
Char residue from combustion

8 -
of sample #7

9 Gaseous by-products from i
combustion of sample #7

(-) indicatesthe absence of microorganismsin the sampletested
(+) indicatesthe presence of microorganismsin the sampletested
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