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Patent
2 S . DOE S-84,701°
USE OF SEROSPECIF.".[C BIOCARRIER COMéOSITION"S FOR EmNCED

BIODEGRADATION AND BIOREMEDIATION OF GROUNDWATER
RELATED APPLICATIONS

This aoplication is a continuat,ion‘-—»in—pak.rt.vof application
serial no. 08/246,261 filed on May 19, 1994.

' BACKGROUND OF THE INVENTION ‘

The United States Government has rights in this 'invention
gsursuant to Contract No. DE-AC09-88SR18035 - 'between. the TU.S.
‘Department of Energy (D.0.E.) and Westinghouse Savannah Riyer
Company . |
1. Field of the Invention: -

This application relates generally to a process of
biodegradation of,groundwater pollutants.

2.’, Discussion of'Background:

Bacterial remediation.of soil and groundwater .contaminants are
well known in the.art. Hegeman et al in U.S. Patent No. 5,024,949,
:anorporated here:l.n by reference, teaches bacterial isolation,
selection, and ampllflcatlon techniques for providing bacterial
cultures useful 1n the degradatlon of chlorinated allphatlc
hydrocarbons. The teachings of,Heget_nan et al are appllcable to
other soil or water borne contaminants'where bacteria are known to
convert or degrade a contaminant to safe or less harmful metabolic
byproducts. ' It. is well known in the art to adopt bacterial .
selectlon protocols to 1dent1fy and culture strains of  bacteria
with a degradatlon (metabolite) preference for a s1ngle chemical
species, such as TCE, even when similar chemical hydrocarbon

species are also present.
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. .Heretofore, the use of bacterial agents to remediate

grou:dwater and soil contaminated sites have been largely confined
to -:3ssing contaminated watér énd soil through incubation tanks
hou.. . ng culturés of épecified bacteria under optimal pH,
tem;arature, and nutrient conditions. This treatment protbcol/is
capil:al and labor,intensive; requires frequent monitoring, and long
periods of time. | ‘

In situ tréatmeﬁt of groundwater and soil contaminants with
baczerialA agenfs is .also known. Hdwever; in situ treatments
typically employ the intrqduction of controlled levels of nitrogen,
phosphorus, air, apd other‘nutrients in an effort to stimulate
bioremediation. The introduction oflnutrients'often generates
excessive grdwth and.plugging:of access Qells and injection points.

'Fﬁrther, the bacterial bloom which.results is often nonspecific

“which may dilute the presence and aétivity of the desired.bgpterial
agent, or‘pfomotes‘bacterial agtivity which  produces unwantéd
byproducts (such as vinyl chloride) as obposed to a preferred
metabolic degradation pathway. -~ In additicn, the - ngtrienﬁ
Vsupplementation occufs on a rather large séale and is therefore..
- costly. f
Accordingly, there.is’room for improvement and variatioﬁ in
 the art of bioremediation proceéées and treatment protocols.
SUMMARY OF THE INVENTION

It'is therefore an object of this invéntion to-prbvide a novel

and improved process fér enhancing the efficiency of -in situ or

above ground bioremediation of groundwater and soil contaminants.



It is another object of this invention to prov1de a process
for initiating and maintalnlng colonies of selected bacteria which
function as biocatalytic sites for bioremediation qf ccntaminants.

It is yvet ‘another cbject of this invention to jprovide a
‘process, for selectivel§ increasiné -the biological‘/actiGit§? of
desired bacterial agents, with ﬁinimal promotioﬂ of other, non-
selected agencs. |

’These as well as other objects cf‘the invention are provided
by a process of degrading water—borne'pollutants comprising:

'proviaing a bacterium having useful degradation prcberties of .
a pollutant“ prov1d1ng'a biocarrier complex comprising an external
housing; an inert matrix materlal contalned within the hou81ng and’
having a large surface area to volume ratio; a plurality of bridge
proteins selected from the group consisting of a polyclonal .
antibodyi a monoclonal‘antibody, and lectins, the bridge proteins-
being bound to the matrix; and;a plarality of a single strain of
the bacterium aftached to a binding site'of at least one bridge
_prctein; multiplying the bacteria within the hogsing} »coﬂtacting
the biocarrier cdmpler:with a liquid—bbrne pollutant; and degrading

the pollutant by the metabolic activity of the bacteria.

BRIEF DESCRIPTION dF THE DRAWI;N'GS
Figure 1 is an illustration of * a preferred
mibrosphere/antibody/antigen complex in accordance with- this

invention.



DETAILED DESCRIPTION

A brocess is provided which facilitates the biocamplification
of .+ desired bacterial agent and its subéequent use in
bic:emediation,of contaminated grounawéter and soil.

The presént invention takes advantage of highl& selecﬁive aﬁd
spe..Zic antibody or leétin. bindipg’ properties to selectively
engage and subsequently amplify useful bacteria on and/or within a
sércbiocarrief.l The\serobiocarrier and associated bactéria are’
then used to remove contaminants from a waste stream such as
polluted grounawater, SOil, or industrial  waste streams. The
selectivity‘and.compagtmental pfésentation.oflspécializedﬁbacpefial

agents also facilitates the treatment 'of mixed waste streams.

1

Selection of a microorxrganism

In accordance with cérrying out this invention, it is
necessary to identify and isélate useful microorganisms, such as a
bacterium, which demonstrate useful degradat¢or propertles for a
pollutant or contaminant of interest. One approach is to use
previously identified and culpivated. pure sQ;ains of bécteria
having the known detox1fy1ng' propertles of interest. A wide
varlety of bacterlal strains and mutants hav1ng ‘useful propertles
have been reported in the literature. Many of these strains are
available through research depositqries or by request of individual
researchers. Further, the isolation and grewth protocols through
which the strains‘were initially isolated, permit those having
ordinary skill in the art’ to duplicaté the isolatién.éfforts and

obtain their own useful strains from wild cultures. For instance,
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" the methods of Hegeman ‘et al . enable the isolation of useful

bacteria from'naturaL.populations.- Simple modification of the
selection media would enable the isolation of other usefﬁl bacteria
by vérying the hydrocarbon (coﬁtéminant) provided as‘the'ca;bon
sourcé during the seleétion protocol. / R
Fo; the purposes of this invenﬁion,)techhiques to obtain
.bacterial strains having'ﬁiological ﬁroperties of interest are well
'Known and can be.utiliéed in subsequent steps set forth below.
As' described in Hegeman, a suitable selection assay and

protocol provides useful strains of field isolated Pseudomonas

-species capable of degrading trichlorethylene (TCE)  and using a
éasoline mixture’as an additional carbon source. In accordance
with this invéntion, it /is‘ preferfed to /f;eld 'isolate, in
cémbinatioﬁ<with afsuitable aésay, bactefia—strains demonstrating
ﬁseful degradation bropertieé of a ppllutant‘of intg;est. Field
isolation is particularly useful whefe a plurality of pollutants
are encoﬁntered. Any bacterialisolatedvfrom é miXed waste site

will be expected to demonstrate a higher tolerance for the

L}

contaminaﬁts present, irrespective of any singlé contaminant which
the~bacterium'may degrade. ‘ o
Antibody productioﬁ

,Aﬁ essential aspect .of this invention is the ability to
provide a 'bxjicligé molecule such as 'afpolyclonal, ‘monoclonal or
monoclonal mixture of antibodies having biﬁding specificiﬁy for an
”antigen(s) present on the surface of the selected bacterium or

bacteria. The = production and screening ~of . polyclonal and
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mon>c-lonal antibodies is well known as are purification techniques

éuc;‘ag affinity column purification.‘ As used here, antibodies
ref = to those specific proteiné having specificity and binding
car cilities for a bacterium of interest. éince the bacterium.can

f

"be zrovided in pure cultures, a generalized polyclonal aﬁtibody
whi:-~ Trecognizes ‘and binds outer membrane proteins or other

‘conzrituents of Pseudomonas- species or other bacterium of interest

is =asily derived.

Antibody attéchment to a carrier

Tt is élso well known‘to‘adsorb or bind antibpdies‘to a
variety bf matrixes which preServeslthé anfigen.recognition and
binding‘propeﬁties of the antibody. The antibédies can be bound to
a Qarieﬁy Qf inert substrates (carriers) including latex, égérose,
plasticé and polystyfene materials which may in a variety of useful
'forms such as microspheres, béads, or fine tubing. ‘The carrier
material can in turn éé furthér foymed intovélvariety of useful
high surface area configurations such as filters, injection foams,
L or membranes. A variety of matfix materials_ are availapie and
pretreated to adsorb or"biﬁd; proﬁeins,',such; as antibodies or
lectiné( upon incﬁbation of the matrix material with the protein.

Preferably, the fipal:éoncentrationAof'the carrier provides a
_high-surfacé‘ érga for carrying bacteria while méintaining a
sufficient flow rate of groundwater or other waste stream. As seen .
in figure 1, glass or poletyrene carrier beads or microspherés 10
‘ére coated with a suitable antibody 12‘f9;~récogni2ing aﬁd binding

selected bacteria 14 which continue to grow and form colonies 18.
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Qirectional arrows in figurell illustrate‘the‘liquid flow direction
which can océur between the coated beads. anspeqific bécte;ia,
proteins and other materialé 16 do not bind to the substraté 10.
Though not illustrated, individual beads can’ further defing a
plﬁrality'-of channeis and passages which./traverséf thé."béads,
thereby incréasiné the surface area of évailabie for selective
binding, béad density, andlimproving the flow rate characteristics
-df‘the final matrix.

At its simplesf embodimené, a suitable biocarrier matxrix is
providéd'in Ehe form éf a cylipdrica% column or- other housing"
containiné'a supply of paéked bééds of_miqrosphéfes having the
antibody and associated bacteria bound thereto. An alternative
embodiment of the carrier envisions providing'ub to 25% of uncoated
beads to thé matrix. While the percentage-of uncoated bgads.can
vary, the use of the uncoated beadé provides ‘a suitable substrate
for the expansigﬁ of bécterial-coldny_grqwth and tﬁéreby extends
the useful life of the biocarrier. .w“":m”,~” i

As.set forth’in:greater detail bélqwl_an'agtibgdy such as a
rabbit polyclonal antibody diféctéd towards é surface antigep\of a
bacterial envelope can be directly bound to the inert carrier. For
greater binding‘activity-and sp§cificity, a goat—anfi—rabbit (GAR)
serum directed against rabbit IgG proteins is’initially bound to
the carrier. Once bound.and'biocked, the carrier is-then exposed
to the rabbit polyclonal which is bound to the GAR aqtibbdies.

v

Fof example, affinity columns, using a 'variety of matrix

/

materials, carrying conjugated antibodies are widely used to bind
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ancigens and are known to separate and bind whole cells. ELISA and

othizr diagnostic assays .make similar use of bound antibodies to

furzher react with specific antigenst.

Forming an antigen-specific serobiocarrier.

Once the carrier is coated with specific antibodies directed
tocuards suitable antigens, i.e. sites accessible on the outer
surface of the approprlate bacterium, the cultlvated bacterla are
passed through the carrier matrrx in keeplng with establlshed
prctocols to promote and. malntaln the antigen binding to the
a tibody.

Alternatlvely, the vserobiocarrier havdng the attached
antlbodles of interest .can be used to 1solate and sequester
spec1f1c bacterlum,naturally'present in the groundwater and magnify
'thelr concentratlon to form a useful viable complex of active and

concentrated bacteria.

Using the serobiocarrier for remediaticn of contaminants.
The serobiocarrier is suitable for bioremsdiation in several

diverse embodiments. Broadly stated the blocarrler is p051tloned

either in 51tu or as part of a. remote processing unlt such that a
waste stream such as polluted/ groundwater passes through the
biocarrier. The scale and volume of treatment is 11m1ted by the
physical flow rate dlmen51ons of the carrier and the treatment
-capacity of the carrier. The sige and capacity of a blocarr;er has
practical economic considerations of material cost and the cost and
availability of the antibodies. '

A key feature of this invention is the ability to~provide‘an
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initial functional bibmass or nucleating site of a desired strain
of ‘bacterium.  The biocarrier. provides the initial specific
att?action to bind the bacteria of interest. The binding of living
bacterial cells does not interfere with the ability of the bacteria
to continue to grow and multiply. - R

The density of the initial bacteria on the biocarrier can be
- controlled by varying Ehe initial antibody concen{;'ration presént on
the carrier and/or by limiting'by time or concentrafion of exposure
of bacteria to the éarrier—gntibody structure. Maiﬁtaining the
initial density.at less than a maximum allows foom for bacterial
growth, expansion, and colonization of the matrix during the
processing of the poliqtant. This. feature is believed important to
prevent a sudden bloom of bacterial growth which would impede the
flow of the waste stream through the biocarrier matrik:' Likewise,

the inclusion of unbound carrier beads or other matrix material

’Méintains the useful flow rates for extended periods'of time.

It is well understood among those having skill in the art that
the conditions for either in situ or above ground remédiation are
" not cpndﬁcive to long term stability of tpé carfier—aﬁtibody—
antigen binding or maintaiﬁing a pure biological'culture. However,
a key aspect of the present invention is the ability to provide a
concentrated supply of bacteria havihg useful degradation
properties. ‘Once bound, bacteria ‘afe further culfivategi under
dontrolled cogditions until a log growth phase is obtained. The
rapid growth’of the~baéteria will colonize the biocarrier, the

colonization taking advantage of the normal growth habitat and
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morv.ology of the soil defivedvbacterié whichqteﬁd to sofb.tb and
col ‘rize any available subsﬁrate.,

Accordingly, even under environmental conditions which tend to
degxzde or disfa?dr the antibody/antigen interactionﬁ the growing
baé:eria will adhere to the matrix of the biocarrier and maintain
the .ctive biological action of the‘biocarrier compléx- It is the
biolngically active biocarrier complex’ which is USefﬁl in the
pressnt invention. | |

In  situ remediation ’can be provided by suspending the
biocérrier within the filter pécking, tybically comprising washed
‘sand, along thé screen zone of a well. A houéing surrounding the
biocarrier can be equipped with a  simple gear mechanism to
facilitate rotat:i'.n'g the biocarrier to increase -the amount of
groundwater/biocarrier contact as the coﬁtaminated waste water.
flows thfough the poroﬁs biocarrie£>matrix in'rgsponse to the
gradient flow creéééd by‘the extraction well or g:oundwaﬁer flow.
The biocarriers are positioned and interact with the screen zone 6f
an extraction well such thaﬁ_any withdrawn ground water must first
bass through the biocarrier prior to being extfactéd. Accordingly,
éhe housing outlét of the’ biocarrier(s) should engage the screen
zone portions of the well so that all liquid flow is through the
biocarrier‘comélex. To this end, grouﬁdwater funnels and gates can
be used.

A plﬁrality of biocarriers can élso be'suspénded the length of
an extraction well shaft to treat the waste water aé éhe water is

exﬁ;acted. The withdrawal rate of the groundwater is dictated by

10



the efficiency of the degradation of the pollutant of interest. 1In

a system of contaminated gfoundwater, it is not uncommon to have a
mixtere of chemical wastes present. While it is belie&ed possible
to provide biocarrier complexes directed to separate pollutaots
preseot, the present in;ention is‘also useful in treaﬁing e\siggle
contaminant during the withdrawal-of the waste stream, thereby
simplifying \the above ground .remediation of ehe remaining
contaminants. - |
The biocarrier complexes oan also be used for above ground
remediation as part of a bioreectOr. The biocarrier complex is
supplied‘in the forﬁ of a filter foaﬁ or similaf matrix through
which the waste stream passes and/or rec1rcu1ates Again, the
blocarrler filter complex can be perlodlcally rotdted about an axis
to increase the interaction of the fi}terfand contaminated ligquid.
- An advantage of .the coﬁpactubiocarriers‘is’that nutrient
supplemeﬁts for mainﬁainihg the oacteria in an active growth state
are more easiiy"supplied. The nutritional supplement such as
phosphorous, nitrogen, or supplemental hydrocarbon'sources can be
directed via a separate feed line.or conduit to deliver nutrients
‘adjacent the intake portions of the biocarrier. It is much more
cost effectlve to treat well deflned zones with supplements for
enhanc1ng'bacter1al growth as opposed to larger scale treatments of
an entire contamination piume. ‘
In conjunction with the above 'ground bioreactors, the
biocarrier complex of‘ the present invention simplifies the

bioreactor design and operation. . By concentfating the biological

11



act-vity within discreet biocarriers, the reaction parameters. of
pH, nutrient éoncentratibn, temperature, and substrates can be mére
eas.ly régulaéed within the comﬁaét biocarrier. ‘As a result, the
ent.re treatment tank doeg not require maintenénce at optimal
grcwth' conditions. 'Furthef, the >self—con£ained. biocarrier
complexes“faéilitatg ;he use of diverse bgctefial_ organisms
dirzcted towards different chemical gontaminants.‘ As a result, it
is possible to maintain the plurality of = different action
bioéarriers in conjunction'with.a single above ground remediation
tank. As a resplt{ simultaneous reactions can occur which may

otherwise be incompatible or inefficient'if duplicated on a large

scale tank application.

~

An additioné;’in situ treatment protocdl is made possible by\
using the microbead/antibody/bacteriaA complex. A slufry of
suspended micfospheres carrying the bacteria can be injected or
introduced to soil substrates which aﬁe otherwise difficult to
treat. For instance, fractured rock will typically Vretain‘
contaminants which‘a;e difficult go_iemove.» The biodarrier beads
enable a mechanical delivery sysfem oflbeneficial bacteria attached
to the smali carrier.- The sizes of iﬁdividual microsphere can vary
from less than 20 um in diameter on up aﬁd have a relative density
range from @.S_to 1.5. As a result,AindiQidual beads respond to
the fluid gradient flow of the region where introduced as well as
migration based upon beaa aensity; As a result, active bacteria
are transported by the small microspheres to rock fractures and

i

crevices which introduce the desired 'bacFeria to the target

12
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substrate. As previously discussed, the carrier complex does ﬁoﬁ
persist indefinitely. 'Howeyef, the duration is~sufficient to
. permit transport of useful bacteria fo the target éreas vié the
diSpefsal_of the microsphere microspheres, ,and the establishing of
habitat niches where these seiected.babteria'dominate the microbial

population.

4
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Example 1 - TCE degradation by Pseudomonas

A culture of TCE ’,de,grading bacteria Pseudomonas SP. ALS; as
fielqﬁ isolated accoraing to the methods of,Hegema1.'1 et al. is’
obrained and cultivated ‘on liquid mineral‘medium (Jones and
Edington, dJ. Gen. Micfobiology'; 52 (1968) and enriched with 0.2mi
unlz=aded gas and 20 ul TCE (Hegeman) . Alternatively, uséful
bacteria c,ﬁltures are obtained from the American Type Culture
Collection (ATCC) having deposit numbers 53817 or 53819. Active
cultu.res of the ALS, are maintained in active log growth bhase on
. liquid media. | | | |

Polyclonal antibodies directed against the ALS, bacteria are
raised in rabbits by periodic injéctior;s of attenuated (heat
killed) . ALS, cells in combination with Freund’s oil and water

adjuvant. A suitable protocol for antibody production and

purification .is set .fortlé in Hudsori, L.; Hay, F.C Practical

Tmmunclogy, second editionOxford Engineering: Blackwell, 1980; and
Eisen,' H.N. Immunplogy; third edit.:iop‘ New Yc'>rk: Halrport Row 1981.
Numerous variations anci protocols are well known_in the art for the
production of antibodies. The specificity and bindihg cé.pabilities
of the raised antibodies are visually demonstrated by conjugating
the polyclonal antiboay to fluorescein“ J'Isothiocyanate-:: (FIT'CA) . Upon
incubation of ALS, ba’clteria with the FITC label antibody, UV
microscopy is used to visualize the binding of the labeled antibody
to the ALS,; cells. | ‘

The polyclonal antibody ig used to coat polystyrene or glass

microspheres. A variety of bindihg agents suitable for affinity
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columns are commercially available to prepare the matrix material
for binding the‘antibody. Such fixing agents and antibody coating
protocols are well known in the art as is the fact that some matrix
materials, such as polystyrene, will adsorb ahtibedies which\in
turn is used to bind:or collect antigens. / T

The antibody bound microspheres are then washed and incubated
with a log'phase suspeneion culture of ALS; bacteria in a culture
vessel. A rotaryvshaker is used to maintein mixihg and ﬁbvement of
the bacteria culture relative to the mlcrospheres Microspheres
ere incubated the presence of the ALS, bacterla at optlmum
temperature for one hour or overnight at’4%2 followed by three
rinses with sterile liquid media. -

The mlcrosphere/ant1body/bacter1um structure can then be
1ntroduced to a sterile housing hav1ng at»least one inlet and one
outlet{whlch are sealed with glass wool or elmllar material which
prevents loss .of the 'beads yet .still permits the passage Jof
iiquids. The housing preferably defines a series of internal
baffles which direct liguid fioW’in the circuitous yet uniform
pattern\through’the microbeeds, Sterile iiquid bacteria culture
media is used to ihduhate the micrqsphere/hacteria units and
encourage growth and colonization of the bacteria on to the,
mlcrospheres. The resulting functional unit of the hou81ng with
~active .bacterial growth is referred to as the biocarrier complex.

A plurality of biocarrier complexes are positioned in situ
adjacent to and in communication with a screen zone of an

extractionﬂwell.‘ Groundwater contaminated with TCE is drawn into

15



- one or more biocarrier complex inlets, the groundwater and TCE

' beiﬁg exposed to the active ALS, bacteria. The degradation rate is

con;rollgd, in part by concentration. of other hydrocarbons,
temperature, pH, and évailable nutrients.‘ Optional suppiy lines
are pr;vided tO'deliver,ﬁutriénté ﬁo the are=a surround{ng'the
biccarrier complex, .the nutrients facilitatihg the bacterial -
activipy of the biocarrier complex. Asince'the acti;e reaction
?bnes proyided by the high surface area biocarrier:complek is
iimited in siée, it ié possible to use‘a continuous cloéed loop
conduit as a heat exchanger fér elevating‘the lccal temperature'of
ghe adjacenf biocarrier environment to fagilitate the éemediation
process. The . efficiency - of ;degradation is verified by
chromatographié téchniques or other measurements for determining

TCE levels in the treated groundwater. ' This can also be used in a

funnel and gate mechanism used to direct groundwater to a defined

zbne for remediation.
Examﬁlé fwo

~ Above Ground Remediation LA_: . -.. e

'A biocarrier complex is provided as set forth in‘egample one.
The complex; or a serieé of’coﬁplexes, is piaced in commuqicaﬁion
with an ébove ground treatment vessel for:processing wasﬁe water
contaminated with‘TCE or othér hyaroéarbons. The vessel contents
are continuously passed through the biocarrier complex, exposing
the .TCE to the ALS, bacteria within the complex..  The TCE levels
 are periodicélly’ measured until substantially all the TCE is

degraded as measured with conventional phromatographic techniques.
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Degradation‘is enhanced by the introduction of trace elements
and nutrlents to support the bacterial component of the blocarrler
complex. Temperature and pPH are also adjusted to'Gptlmlze the
' biological degradation of TCE. -
if +desired, a separate set of biocarriers, comprising a
. different baete;ium capable df degradatien of - al separate
contaminate, can be provided. For instance, certain strains of
Pseudomonas_stutzeri are known to metabolize aromatic compounds
such as isobutylbenzene and could be supplied in a biocarrier
complex.’ Accordingly, it is possible to simultaneously process
different waste in a treatment tank. Unlike conventienal
treatments where a brdth of a. bacterium .culture ie maintained
throughout. the entire vessel, the bacteria and biological activity
is concentrated with the biocarrier matrix. This enables multiple
strains of useful bacteria to remediate different wastes within the
same tank. B S

Slmultaneous ‘processing of multlple wastes in a prlor art
broth type treatment tank is difficult in that mlxed straln‘
cultures are 'difficult‘ to maintain at respective optimal
concentratione sinee one strain or species tends to dominate the
culture. The present invention enables diverse strains and even
'genera of bacteria to be functionally combined in the simultaneous
processing of distinct éontaminants.

It is understood that the biocarriers will generate a supply

17~



of bacteria which slough off and become part- of the liquid waste
stream being treated. The effect on the other biocarriers is
belizved to be minimal, since.aseptic conditions are not required

for :he use of the biocarriers for remediation. The released cells

will contribute tovdegradation of the respective pollutant‘butside
the biocarrier and is therefor* useful. As with conventional
bioreactors, any undesired hiolcéical agents can be processed
before the treated waste water is“disposed by any of. several
permitted dlscharge options. |

A variation of the above ground remedlatlon is useful for
Industrlal out-fall and dlscharges of treated wastes as regulated
through‘ the Natlonal Pollutlon Dlscharge Elimination System
(NPDES) . Specific Biocarriers can be tailored.to individual system
contaminants to treat the waste to reach acceptable contamination
levels prior to discharge.
Example Three ,

Landfill leachate processihg

A'biccarrier as provided in example one is useful in landfill
leachate collectlon and recharge systems to degrade contamlnants‘
such as TCE, gasoline, and other hydrocarbons. Typlcally,
landfills with approved liners use a leachate collection system to
collect ligquids which have accumulated at or near the bottom of the
landfill. The leachate is then brought back to the surface and
dlscharged where the leachate once again percolates through the
landfill substrate. The recycling action of the leachate is useful

in stimulating breakdown of many contaminants and helps stimulate
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aerobic breakdown of landfill wastes.

Some conéamiﬁants, suéh gs TCE or other hydrocarbons for.which
biological remediation agents (bacteria) are khown, can be
bioremediated with a biocarrier complex. This is beneficial since
TCE is often con&erted to a humaﬁ carcinogen, vinyl chioridéﬁfﬁﬁder’
anaerobic conditions common to landfills..‘Processing the TCE from
the leachate collection system, avoids the generation of a more
hazardous material.

A biocarrier complex having an active ALS; cultu?e is used to
process the leachate to remove .TCE. 1Initially, the leachate is
tésted for TCE levels sincé‘exceséive concentratioﬁs are toxic to
the ALS; bacterium. If needed,'dildtion of the leachate with water
or nutriﬁional supplements is performed to'provide a tolerable TCE
level within the leachaté. The leachate stream is then passed
through a biocarfier'complex in the form of é vertical column,
exposing the TCE to the bacteria qu' degradation; Since the,
leachate is continuoﬁsly ;ecycled,_itJig,ggEﬂggcegsgry to process
substantially all the TCE during the ipigial_pasay;hroughrthq
biocarrier . complex which enables higher flow rates ‘to be
maintained. | The discharge . (sloughing) of bacteria f£from. the
biocarrier compléx'output is beneficial in'thaﬁ additional bacteria.
are introduced in situ which promotes further‘bio-remediation.

‘ As the degradation efficiency decfeases for any application of
the biocarriéré, replacement with new carriers is desired. ‘The old
matrix can be collected and disc?arged in sifu to introduce useful

bacteria into the contaminated source.

19



Alternative Bioéarrier Composition

While the abovg exampleé are giyen in reference to a matrix
covalently bound to an.antibody, it is believed that an equivalent
biocarrier can be provided ﬁsing' plént :legtins as the bfidge

\

molecule between the carrier material and the bacterium:

H

Plant
lectins are non-immﬁﬁbglébulin ~prot‘;eins capable of specific
recognition aﬁd reversible binding to carbéhydrate moieties of -
complex cafbohydrates. A variety of specific lectins are known to
selectively'bina and capture bacteria. Accordingly, it is possible ‘
to use,a lectin whiéh bindé with ghe cell envelope of a bacterium
to be used with the biogarrier matrix.

The prqperéies, idenéity, isolation and attaéhﬁent of lectins
to inert matrix materials suitable for uée as a biocarrier are well
known within the art. Etzler, M.E.\'1985. Plant Lectins:
Molecular and biological aspects, In Ann.'ReQ. Piant Physiology.

36:209-34 Annual Review, Inc. Palo Alto; Goldstein, I.J. and C.E.

Hayes (x978) in Advances _in  Carbohydrate Chemistry and

Biochemistry, pp. 127-340. Academic Press. Lectins are believed _

useful alternatives to antibodies in that many lectins are
associated with root bacterium interactioné.‘ Accordingly, soil
conditions including pH, temberature, other biotié factofs mimic
the ‘in "situ conditioné.of the preéent invention.'vTherefor the
lectins should permit a longer binaing ihteraction‘tp‘bersist.

It will be apparent to those of skill in the art that %arious‘
changes and substitutions can be made to the embodimenﬁs:described‘

herein without departingkfrom the spirit and éqope‘of the present
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10

ABSTRACT OF THE DISCLOSURE

A composition and method for usfng the composition for degrading -

pollutants in-situ. The composition comprises a biocarrier coated with an

| antigeﬁ-speciﬁc antibody that attracts and binds pollution-degrading

antigens. The biocarrier, which is preferably in the form of glass
microspheres, is coated with one or mofe strains of antibody. The
antibody may be placed into the ground in or near tﬁe source of
pollutants where it may attract anﬁgens present and bind them, or the
antibodies may be first exposed to the antigens aild then placed in the
ground. Alternatively, the coated biocarriers may be used‘ to degrade
pollutants in ground water pumped to the surface and through a biofilter -
containing the biocan’iéis. 'fhe remediated groundwater can then be

returned to the soil.
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