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SUMMARY

The pumposeof this factsheeis
to provide onscere cogdinaors
and oherdedsionsmakers with
thelatest information on
ewlving technobgestha may
be apiicale for usein
respadingto an al spil.
Bioremedidion is onetechnique
tha may be usefuto renmove
spilled oil under cettain
geographic anctlimatic
condtions. Fo the pupos of
this effort, bioremediatonis
definedto indudethe wse of
nutiensto enhane the ativity
of indigenousorganisns and/or
the aldition of naurally -
occuring nonindigenous
microorganismns.

BACK GROUND

Many cormpounds ircrude
oil areenvironmentdly beniq,
but $gnificart fractionsare
toxigenic or mutagenic. The
latter are the ores we are nost
interestad in renoving or
destoyingin anoil spll.
Bioremedidion is atecimology
tha offers gea promise in
conwerting thetoxigenic
conpounds to notoxic products
without further disrugion tothe
locd environment.

When nicroorganisns
breakdown peroleum
hydrocarlons,thefirst sep
usualy is addtion ofa hydroxyl
group tothe end ofan dkane
chainor anto an ursauraedring
of a pdycyclic aromatic
hYdrocarmn (PAH),forming an
alcolol. Progressive oxdation to
an atlehyde andhen a )
carbxylic acid leadsto chain
lengh redudion andeventudl
to produdion of cabon doxide,
water, and bomass. In the cae
of the PAH, ing fission takes
plaa, aginleading eventudly
to minerdizaton. As oxygen is
addedo hydroaartons,the
conpounds becommore pola
and thus nore waer soluble.
Theseconpounds & usually
more easy biodegadable and

thusless toxic. Althoudh the
more polarconpounds ee nore
likely to enter the water cdumn
as bodegaddion ersues, they
are wlikely to cawse
envronmentd damege or toxc
effecs  neaby biota.
Furthermore, he anount d
dilution awailable from thetidal
waters is so geat tha the
amounts of lenign pdar
consttuerts entering the od
chainare likely to benedigible.
Thus, the dfect of biochemical
end podudsfromthe esily
metabolizade conpoundsn oil
will be inggnificart in the
envronment.

REQUIREMENTS FOR
SUCCESS

Sincethe cortamnans of
concen in crude ol are readly
biodegadable uncer gpropgiate
condtions, the sua@ss ofoil-
spill bioremediaton deperds on
our allity to edaHlish those
condtionsin the catamnated
environment. The nost
importart requirement is thét
backria with gpprgpriate
metabolic ca@biities nust ke
preent. If theyare thar rates d
growth and hylrocarton

iodegadation can k&
maximized by ensuringthat
adequée con@ntations of
nutrierts and oxyen arepresen
andthaé the pHis betweenabout
6 and 9. The physical and
chemcal chaaderisticsof the
oil arealso inportant
deteminants of bioremediaton
succeas. Heaw crude dis that
contan large anounts ofresn
and aphdtene conpounds ee
less amnable tdioremediaion
thanarelight- or mediumweight
crudeoils that are richin
aliphdic components Finaly,
theoil surface area is extenely
important beause gowth ofoll
degades ocurs almost
exclusively atthe oi-water
interface.

Obviously, sone of these
factors canbe nanipulated more
easly thanothers. Forexanple,
nothing can bedoneabou the
chenical conmposiion o theail,
and no dequate engneeing
apprache are curenty
availade for provding oxygen
to oil-contaninated suficia
sedinentsin theintertidal zone.
Therefore, he two nain
appraches to oil-spill

bioremediaton ae: (1?1
bioaugmatation,in whid oil-
degadingbaderia are adad to
suppkement theexsting
microbid popuation, and(2)
biogimulation, in which
nutrierts a other growth-
limiting cosubstraesareaddel
to dimulate the gowth of
m_dgenous_ oi degrades. Sirce
oil-degadingbaderia usudly
grow at the exgnseof one @
more conponents otrude dl,
and tkesegrganisns are
ubiqutous™, theeis usudly no
rea®n © add hgrocarbon
degades uress the indigenous
backria aeincapade d
degadingone @ more inportant
contaninarnts. The s$ze of the
hydrocarton-degadingbacteial
populdion usialy incresses
rapidly in respnseto al
contanination, andit is very
difficult, if na impossble, to
increa® the mcrobal

opuldion owertha which can

e acfieved by biogimulation
alone™ The carying capacna/ of
most envronments s probally
detemined byfadors sich as
preddion bypraozoansthe al
surfacearea, @ swuring of
attachel biomass bywave
acivity tha are nd afected by
bioaugnentaion, and aded
bacena ssemto conpete porl
yyith the indgenouspopulation™

Thereforg, it is urlikely tha
theywill pasistin a
contaninated ead even when
theyareaddel in high nunbers.
As a result, bioaugnentaion has
never beenshownto hawe any
longtermbenefcial efeds in
shordine deanup operatons.

Biosimulationinvolves tte
addtion of ratedimiting
nutriertsto eccderate
biodegadation byindigenous
microorganiss. When an al
spill occus, it resuts in a hug
influx o caboninto the
impacted avironment. Cabon
is the baic dructural conponent
of living matter, ar in orde for
theindigenous microaganisns
to beable to conwert this calbon
into more bhomass, lheyneed
significartly more ntrogen and
phosphousthan is nornelly
preentin theenvronment. Both
of theseelements ae essetial
ingredients of pratein ard
nucldc adds d living
organisirs. The mein chdlenge
assocated with biostimulation in
oil-contaninated c@adal areas o



tidally influenedfreshweter
riversand $reans is naintaining
optimal nurient concertrations
in cortact with theoil.

NUTRIENT APPLICATION

Effective biaemediaton
requres nurients to remain in
contact with the oled meterial,
and tle cortertrationsshout be
sufficiert to suEp)rt the maximal

rowth rate d the dl-degading
acenathroughout the dearup
operdion.

Marine Environments.With
resgct tothe narine.
envronment, comamnation of
coagal areasby oil from
offshore splls usudly occusin
theintertidal zone wherethe
washoutf dissolved nurients
can beextrenely rapid.
Oleoplhilic and $ow-releag
formulatons hawe been
dewelopedto maintain nutrients
in cortact with theoil, but most
of theserely on disolution of
the nurientsinto the aagieots
ﬁhase befiee theycan beusal by
T%drocarhnn degacers

erefore, design of effective oi
bioremediaton grategies anl
nutrient ddivery systens
regures anundestandng of the
trarspat of dissdved ndrients
in the intertidal zone.

Transmrt through the
porousmetrix of a marine beéch
IS driven bya conbinaion of
tides, waes, ad flow of
freshwater from coasal aqufers.
Tidal influences @usethe

roundwate eevation in the

each and the rel¢ing hydrauic
gradients to fluctuate rapidly.
Wawe acivity affeds
groundwate flow throudh two
main mechansms. Fird, when
waves run ughebead fece
aheadf thetide, sone of the
water percolates \erticall
throudh the @nd dowe the wer
line andflows hoizontally when
it reaches thewvater tade. Waves
can &soaffect groundwaer
movement in the sibmerged
area of beahesby a punping
mechanisnthatis driven by
differenes n hea baween
wawe cregs ard troughs.

In 1994 and lerin 1995,
tracerstudies wee conduded,
on theshaglines of Delaware
and Maine™ to qudy therate o
nutriert trarspat in low and
high energ, sandybeacles.The
Delawae workshowel thatthe

rate of trace washoutfromthe
bioremediaton one(i.e., upper
25 cmbelow tre beah suface)
was nore rapd whentrace was
appledat gringtide than at
neaptide, bu the physical path
taken b?/thetracerplume noved
vertically intothebeah
subsuface and haizontally
throudh the bechin aseavard
direction. Vertical transpot was
driven bywawes, wheres
horizontal transprt was diven
by tides.The Maine work
suggested tht surface
applcation of nutiens would be
ineffective on hi(jn-ener?/
beacles bealse nost ofthe
nutrierts will belost to dilution
at high tide. On low enagy
beacles, hovewer, thisis an
effecive andecononica
bioremediaton grategy.
Nutrients thatare rdeasedfrom
slowrelease a oleoplhilic
formulatons will probally
behawe similarly tothedissdved
lithium trace that wes ugd n
the sudy. Thus,theywill not be
effectve on hgh-energy beaches
unles the eleag rdeis high
enoudp to ahieve adegate
nutriert concenrations while the
tide isout. Subsuface
applcation of nutients might be
more effetive on hidn-energy
beacles. $ncecrude al does ot
penetate ceepy into most keach
matrices howe\er, rutrients
must be preen nea the leach
surface to eféctively simulate
bioremediaton. Snce nutients
move downward andseavard
duringtranspot through the
intertidal zone d sandy beacles,
nutriert application drateges
tha rdy on sulsurface
introdudion nmust povide sone
mechanisnfor insuiing thatthe
nutriertsreach the dl-
contaninatedarea near the
surface.

Freshveter Environnents
With respet to freshwater
shordines,an al spil is most
likely to have the gredest impact
on wetands or marshes ether
thana wideshaeline zone [ke a
marine intertidal zone. Les
resarch ha bea condicted in
thes types & environments, &
it is nd yet known how well
bioremediaton woud erhane
oil renoval. By the year 2000,
howe\er, ddaa wil be awailable
from an irtertional oil spill
studybeing condutedjointly b
the US. EPAand Fisheies an
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Oceanscanada ora freshvater
shoréine d the St.Lawrence
River in Quéec.This study is
exanining bioremediaton with
nitrate ard ammoniumin the
preenceand dserce d wetland
plant species(Sdrpis
ameri@anus) However, thesane
principlesappy to ths type of
envronment asa marine
emvronment, nanaly, tha
nutrients nmust be maintainedin
contact with the degadng
populdions for asuficient
period d time to efed the
enhaned tretment. There is an
addedconmplication ina wetard,
howe\er. Oilpendraton is
expectedto be much lower han
on a pooussandymarine bech.
Below only a fewcentimetersof
depth,theenvronment becores
anaeobic, ard pdroleum
biodegadaton s likely to be
much slover eenin the
preenceof an acequde supply
of nitrogen and pbsphaus.
Techndogy for increasing the
oxygen concemation in suchan
envronment s ill

undeweloped, oherthan reliane
on the vetlandplantsthenselves
to punp oxygen down to the
rhizospterethrough theroot
system

Soil Environments. Lad-
farming technques br treating
oil spils onsoi hawe been ugd
extersively for years by
petoleum conpanies and
resarches. Again,the ame
principlesappy: mainteranceof
an adeuée syply of limiting
nutrieris and eedron acefors
(nitrogen, plosphaus,and
oxygen) in cortad with the
degadingpopuations
throughou the ertire treatnent
period. Fo suface
contgrmnanon, mlalnt]granceof_
an adguae syply of oxygen is
acconplished LByt?lllmg. ﬁe
maximum tilling degh is limited
to abait 15 t0 20 inches,
however. If the coamnaton
zone is depe, athertypes @
techrologies would hae to be
used, ach & bioventing,
conposting or wse d biopiles,
all of which requre adadttion of
an exemal supgy of forcedar
aerdion.

FIELD EVI DENCE FOR
BIOREMEDIATION

Demonstraing the
effecivenes of al spll




bioremediatontecmologesin
thefield is dfficult becau® the
expermental condtions camot
be corrolled & wel asis
possblein the lab Neverthdess,
well-desiged feld gudies @n
provide grongevidencefor the
succeas d a particular
techrology if onecan _
con\mcmge/ show hat(1) oil
disappearsfaster in treated aeas
thanin urtreged aess ad (2
biodegadation is the main
rea®n for theincreasedrate of
disapeaarce. Conincing
denonstraion of an ncrease
rate of oil degadaton was
providedfrom a field study
conduc¢ed duing the sunmer of
19940n the shaline of
Delaware Bay . Althoudh
subgartial hydrocarbon
biodegadation occured in the
untreaed pots, datisticly
significant differen@s ketween
treated anduntregedplots wae
obsered in the hodegadation
rates d total alkane andotal
aronatic hydrocabons First
orde rate congartsfor
disapeaarce d individud
hopanenormelized alkanes and
PAHs were corputed and he
Baiterns of loss wee typical of

iodegadaton. Sgnificart
differences were nat observed
betwee plotstreaed wih
nutiensalore andplotstreatd
with nurientsand a indgenous
inocdum of oil degaders from
the gte. Thehigh rae d ail
biodegadaton tha was
obsered in the urreatd pots
wasatributed to the rettively
high baclground ntrogen
concetratonsthat were
measured tethe ste.

OTHER RESEARCH

Contiruing reseachis
ongoing to ewaluae
bioremediaton and _
phﬁtorerredlanon (Pant-assised
enhanement of al
biodegachton) for ther
applcahblity to clean p oil spills
contaninating sdt marshes ad
freshwater wetands Data will
be awailable inthe year 200Cor
thefreshweter wetlandstudyand
2001 fo the €It marsh. By
Decenber of 200, EPAIs
planringto produce a daft
guidance dcunent ddailing the
use & bioremediaion for sandy
marine beahesandfreshwaer
wetlands. EPAS dsostudying
the bodegadalility of nan-

petoleum oils (vegetableoils
and ammal fats) andthear
impacts ortheenvronment
duringbiodegaddion. Repats
will be aailable sorre time in
2000.

CONCLUSION )

In conclusio,
bioremediatonis aproven
alternatve treatment tod tha
canbe used to &at cetain
aerolic oil-contaninated
environments.Typicadly, it is
used a a padishing stepafter
conwentiond mechanieal
cleanup opions tave been
appled. tis a relatively dow
process,requring weels to 3
months to &ect cleanup.fl done )
propely, it can be \ery cog-
effectve, athoudh anin-depth
econonic aralysis has nobeen
condudtedto date. It has the
adwantage that the toxc
hydrocarlon conpounds e
destoyed rather than sinply
moved to anoherenvironment.
The bi%ge_st clallenge fecing the
respade is maintaining the
B_ropar corditions for maximal
iodegadation to take plece,i.e.,
maintaining sufficient nitrogen
and phsphous ®ncertratons
in the pae water atall times (4)
(~5-10 mg N/L). Based ondlid
evidence fronthe literature, it
appeastha addtion of
exogenous cliures of
microorganisms will nat enkance
the pocess nore hansimple
nutnert addition.
Bioremediaion is nat corsidered
a pimary respone tod,
althoud it coud beso ugdif (5)
the pilled oil does nt exst as
free praluda andif thearea 5
renote enoup nd to recuire
immediate ¢eanupto stisfy a
tourismindugry. If the dfected
environment sa high enery
shoréine, boremediaton will be (6)
lesslikely effective than on a
lower enagy shoreine.
Application o dry granular
fertilizer to theimpact Dneis
probalby the nost wst-effective
way to contol nutrient 7
concelrations @
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