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PROCESS OF BIOREMEDIATION

To obtain the correct clean up microbes, scientists
take soil or water samples from the contaminated site.

The microbiologists breed strains that depend on a
contaminant to live and which will die off when the food
source (the contaminant) is gone.

One of the quickest ways to treat contaminated soil
is to excavate it, mix it up with water, nutrients, and
bacteria on a plastic sheet and pump air through it.
Groundwater contaminated with oil, chemicals or other
substances can be treated in a bioreactor, a tank containing
specially selected microorganisms.

There are several problems associated with the process
of bioremediation. Bacteria often take longer to remove
contaminants from soil than the process of excavation and
trucking of contaminated soil to landfills. Microbes often
stop degrading the contaminant before it is eliminated,
due to lack of oxygen and nutrients. Another drawback
is that microbes can usually only attack one contaminant
at a time. This is a problem for sites contaminated by
more than one toxin. Scientists are researching genetically
engineered organisms for these sites, but all of these
microbes must undergo strict scrutiny by state and federal
regulators. 6

Before bioremediation can be used on a site the history
of the site must be fully researched for information
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contaminated area and dump it into a plastic lined 45 acre
landfill. Researchers William Frankenberger and Ulrich
Karlson (University of CA, Riverside) have found that fungus
indigenous to the site have been naturally converting
Selenium into a gas which is dispersed quickly into the

air. The fungi do this for their own survival, to prevent
Selenium from reaching lethal doses in the soil.
Frankenberger and Karlson have created a hospitable
environment for the fungi to encourage increasing growth
therefore increasing the speed of biodegradation.

Another common wood rotting fungus may perform a
similar job in treating waste water from chemical plants.
The enzymes that allow these fungi to breakdown lignin
(the chemical that holds wood fibers together), may also
digest some hazardous and decay resistant pollutants.

Microbiologist Dunja Grbic-Galic of Stanford University
also recently demonstrated a type of bacteria which can
be cultivated for the purpose of cleaning soil and
groundwater contaminated with trichloroethylene, a widely
used industrial solvent. 8 (Refer to the article "Toxic
Wastes? A Little Fungus May Help" in the Technical Appendix
for more information on the effect of fungus on selenium
and trichlorethylene contaminated sites .)

The Rhine River in Germany is another heavily

polluted water body currently being researched for the

10




































Japan's officials explain to residents the recycling
program and its' benefits. >7

Unfortunately there are also many roadblocks to the
recycling process. The United States government has not
committed sufficient money or people to the recycling
industry. In comparison approximately $305 million was
spent on promoting the incineration industry whereas only
$8 million was spent on promoting recycling. The American
people are not enthused with the idea of recycling and
many complain that there is too much extra work. Education
programs for the public are necessary to make recycling
a simpler and a less grueling process. Communities must
be shown the benefits of recycling in comparison to other
methods of waste disposal.

Another reason recycling has not become popular is
that the economy has been slow to adjust to the reuse of
household trash. Radical swings in prices paid for
materials from natural resources and the products from
recycling have discouraged some recycling programs.
Incentive is also down due to the increasing need for paper
refuse by the incineration industry. >8 A major problem
with the recycling industry is that it is not a supply
driven business. 29

Aluminum recycling is more promising than plastics

and paper. The production of sheet aluminum for new cans

22















DISADVANTAGES OF BIOREMEDIATION

There are a few disadvantages of bioremediation
including length of degradation time and effectiveness
of microbes. Even under ideal conditions the process of
bioremediation takes longer than excavating and carting
the contaminated area to a landfill. Environmental
companies under contract deadlines may choose faster methods
of waste disposal even if they are shorter term solutions.

Another problem with bioremediation is that there
are many variables affecting each contaminated site
therefore they will not all respond to microbial treatment
in the same manner. Since there so many unknown variables
including millions of different microbes which are affecting
the contaminant(s) on the site it is not easy to isolate
one microbe which will perform the degradation the most
efficiently.

It can be very time consuming identifying the proper
microbes to use on a contaminated site especially if there
are multiple pollutants involved. To keep the microbes
degrading the contaminant(s), continuous monitoring is
required. The monitoring of the site shows if the microbes
are functioning efficiently and whether or not additional
nutrients (air, water and fertilizers) will be needed.

Unfortunately as in any new technology, there are

no definites as to how long the process will take or how

27






























V. Technical Appendix




IN SITU
MICROBIAL TREATMENT
OF

CONTAMINATED SOIL

(BIOREMEDIATION)

AFFORDABLE TECHNOLOGY, INC.
3179 BABCOCK BOULEVARD
PITTSBURGH, PENNSYLVANIA 15237
(412) 364-9005






‘r AFFORDABLE TECHNOLOGY, INC.

We have enclosed information on bioremediation technology
that is being used to renew contaminated soil.

This process may be new to your firm, but it is state-of-
the-art technology that is being employed worldwide.

If interested, please contact us so that we may establish
a time and date for our bioremediation presentation in
order to interact with your firm regarding environmental
remediation.

N

Respectfully submitted,
AFFORDABLE TECHNOLOGY, INC.

Dave A. Wheeler,
Vice President

DAW:jds
(enc.)

3179 BABCOCK BLVD. . PITTSBURGH, PA 15237 . (412) 364-9005



ENVIRONMENTAL
BIOREMEDIATION

Support for engineered “Environmental Remediation” by providing:
e Microbial profile (bioassay).
» Microbial candidates for specific chemical decomposition.
* Microbial BIOMASS for application to contaminated project site.
- ® Biostabilization chemicals. |
* Bioremediation project site monitoring.
* Pathogenic microbe isolation/identification/firradication.

AFFORDABLE TECHNOLOGY, INC.
3179 Babcock Blvd. ¢ Pittsburgh, PA 15237
‘ (412) 364-9005




AFFORDABLE ENVIRONMENTAL BIOREMEDIATION

We at AFFORDABLE TECHNOLOGY, INC., can expand your firms capabil-

ities into the world of bioremediation through microbiology.

AFFORDABLE TECHNOLOGY, INC., attacks your soil contamination problem

efficiently and safely with naturally-selected microbes.

AFFORDABLE TECHNOLOGY, INC., microbial! bioremediation services are

competitive and in fact can provide large savings over incineration

or off-site disposal of contaminated soil.

AFFORDABLE TECHNOLOGY, INC., provides your firm with technical consult-

ation and bioremediation microorganisms to solve your soil contamination

problem.

A Y

Should you be interested in information about our service, please drop

us a line or give us a call at:

AFFORDABLE TECHNOLOGY, INC.
3179 Babcock Boulevard
Pittsburgh, Pennsylvania 15237
(412) 364-9005

(-\~‘~\¢f""ﬁb g
NOTHING CAN TOP THE CLEAN-UP POWERS OF . ..
















1)
2)
3)

4)

5)

6)
7)

STEPS IN ENVIRONMENTAL BIOREMEDIATION

HISTORY OF CONTAMINATED SITE
MICROBIAL PROFILE OF AREA

NATURAL SELECTION OF MICROBES THAT
METABOLIZE CONTAMINATING CHEMICALS

QUANTITATIVE INCREASE OF SELECTED
MICROBE (A FERMENTER PRODUCED BIOMASS)

APPLICATION OF THE MICROBE BIOMASS
TO THE CONTAMINATED SITE

BIOSTABILIZATION
PERIODIC MONITORING OF BIOREMEDIATION SITE






BIOSTABILIZATION PROVIDES:
. AERATION

. NITROGEN

. PHQ?PHORUS

. TRACE ELEMENTS



ADVANTAGES OF BIODEGRADATION (BIOREMEDIATION)

NATURAL "LOW-TECH" SOLUTION
PERMANENT SOLUTION TO PROBLEM
MAY OBVIATE NEED FOR EXCAVATION
NO RELEASE OF TOXIC EMISSIONS

AN

EFFECTIVE FOR DECOMPOSITION OF A VARIETY
OF CONTAMINANTS IN MANY ENVIRONMENTS

EASILY INTEGRATED WITH CONVENTIONAL PROCESSING



ADDITIONAL “BIODEGRADATION" FACTS

BIOREMEDIATION RESULTS IN DETOXIFICATION
NATURAL COMPOUNDS ARE DEGRADABLE

MANY XENOBIOTICS (MAN-MADE COMPOUNDS NOT
. FOUND IN NATURE) ARE DEGRADABLE

HYDROCARBONS ARE PARTICULARLY SUSCEPTIBLE
TO BIODEGRADATION

MICROBES OF THE GENERA PSEUDOMONAS,
NOCARDIA AND STREPTOMYCES DEGRADE
HYDROCARBONS



WHY AFFORDABLE TECHNOLOGY, INC., DOES NOT
EMPLOY GENETICALLY-ENGINEERED MICROBES

MAY CONVERT TO ORIGINAL GENETIC STATE

NOT READILY CERTIFIED BY FEDERAL OR
STATE GOVERNMENTS FOR USE

DO NOT COMPETE WELL WITH NATURAL SOIL
MICROORGANISMS

MAY BE HARMFUL TO ENVIRONMENT

-10-



AT AFFORDABLE TECHNOLOGY, INC., WE

EMPLOY NATURAL-SELECTED SOIL MICROBES

THAT ARE TAILORED TO EACH PROJECT SITE

AN

-11-



ADVANTAGES OF NATURAL-SELECTED MICROBES

THEY ARE DEPENDABLE FOR DECOMPOSING A
SPECIFIC CHEMICAL

. DER/EPA ACCEPTABLE

THEY COMPETE WELL WITH OTHER MICROBIAL
FLORA '

ADJUSTED TO LOCAL ENVIRONMENTAL CONDITIONS

THEY ARE NOT HARMFUL TO ENVIRONMENT

. SELF-LIMITING

-12-



EFFECTTIVENESS

BIOREMEDIATION OF HYDROCARBONS-CONTAMINATED SOIL
RESULTS IN ACCEPTABLE LEVELS IN 90 TO 120 TREAT-
MENT DAYS

BIOREMEDIATION OF OTHER TOXIC SOIL CONTAMINANTS
CAN RESULT IN A SATISFACTORY REDUCTION IN 120
TO 150 TREATMENT DAYS

ENVIRONMENTAL BIOREMEDIATION CONTINUES EVEN

AFTER ACTIVE TREATMENT OF CONTAMINATED SITE
HAS ENDED

-13-



BIOREMEDIATION COST* OF SOIL WILL VARY FROM $20.00 TO
$80.00 PER TON (2,000 LBS) DEPENDING ON THE SIZE AND
VOLUME OF THE CONTAMINATED SITE.

*COST WILL BE CALCULATED.ON A DIFFERENT SCHEDULE IN THE
CASE OF A MULTI-CHEMICAL CONTAMINATED SITE.

-14-






Vor. 56, 1990

TABLE 1. Subsurface s0il and groundwater characteristics

. ¢ Subeurface Grund-
Parameter il water

Texture Sand
Composition (%)

Sand 93

Silt , 1

Clay . 6
pH : ¢ 86 7.6
# Organic carbon 0.24
Dissolved organic carbon concn (ppm) 4R
Sulfate concn (ppm) 27
Nitrate nitrogen concn (ppm) 6 <0.2
No. of bacterin/g (dry wi) i;y:

Direct count (acridine orange) 9.77 % 107

Taotal heterotrophic count (plate count) 3.01 % 104

Tgble 1. The «olids, which contained relatively little organic
carbon, were classified as a aand on the basis of low levels of
3ilt and clay. The total number of microorganisms associated
with the solids, as det-mined by acridine omnge direct
_ounting, wns similar (0 that observed by Beeman and
Sulftita (2) in solids from anacrobic arcas within the same
aquifer. The level of viable microorganisms nsrociatdd with
lhe solids dctermined by a standard plate count (5) was
wveral onders of magnitude lower than that determined by
3irect counting.

Biotransformation of '*C-labeled vinyl chloride at two
fifferent concentrations was examined under acrobic condi-
Jons in the groundwater microcosms. '¢C-labeled vinyl
shioride (1.0 ppm) was rendily degraded in the groundwater
wmples (Fig. 1). No adaptation or observable Iag occurred
sefore the tmnsformation of viny) chloride, and approxi-
nately 25% of the test material was degraded during week 1

WIS AN ATV ASIITINY

DAY >

ma. . l.lkxwlloﬁ of WCdabeled vinyl chlod.de atlppmin ©
wquifer microcoams. Bymbols: @, sterile samples; B, viable sam:
ses; @, 00, produced by the visble samples.

: . redation.
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FI1G. 2. Biodegmdation of '*C-labeled vinyl chloride at 0 ° npm
in aquifer microcosms. The amounts of '‘CO, produced by the
viable samples are shown. Less than 1% '4CO, was detected in the
sterile controls.

of incubation. Aficr 108 days, greater than 997 of the =«
material was degraded in the biologically active samples.
Viny! chioride degradation was biologically mediated. «ince
greater than 93% of the labeled matenial was recovered from
the nqucous fraction in the sterile controls. Minerlization
accounted for much of the loss, since approximately 6577 of
the inbeled materinl was recovered as '*CO, aficr 10X dave of
incubation.

To determine whether blodegradation would ocenr ot
lower concentmtions of vinyl chloride, additional micro.
cosms were prepared as proviously described and <pihed
with the "“C-labeled materinl at 0.1 ppm. Degradntion of the
test mnterin! at thix concentration was monitored by ''CO,
production only. The microorganisms present in the nqinfer
materinl were capable of minernlizing vinyl chlonde at
concentrations of 100 ppb nnd below (Fig. 2). Aler 109 days,
uPpmlimuc\y S0% of the labeled matenial was recovered ns
*CO,. Minernlization was not obscrved in the stcrite con-
trols,

The results of this atudy demonstrate that viny! chioride
can be mpidly degrmded under acrobic conditions  The
absence of an obacrvable lag or ndaptation penod was
unexpected, rince the aquifer at this site had no bnown
previous exposure 10 vinyl chloride or other chlonnated
soivenia, Thus, the ability of microorganisms nssociated
with soil and groundwater to degrade vinyl chioride may be
widespread. These results are consistent with those i other
{nvestigators (6) who have reported the occurrenice of vinyl
chioride-degrading microorganisms associnted with <oil.

This investigation is the first report of acrobic biodegra-
dation of viny! chloride in environmental samples. Although
there have been several reports on vinyl chloride bindegra-
dation (1. 11), previous ftudies have relied on addiion of
exogenous nutrients, such us methane, to demonstratc deg-

. LITERATURE CITED
‘1. Berrio-lage, G. A., F. Z, Pursons, R. M, Nerbity, P. L. Lorenro,
. and H. F. Archer, 1990. Enhanced anserobic biodegradnnion of
vinyl chloride in ground water, Baviron, Toxicol. Chem. 9:403-
413, -
»









Bacteria Effective in Alaska Cleanup

A year after the Exxon Valdez dumpal s caigo 1ato Prince William Sound, odl-soaked
beaches that were treated with an experimental deanup technique are beginning o
return to normal. Indeed, the technique has turmed out to be so cffective that even
some of the scientists who helped develop it arc expressing surprise.

Last summer, in 2 $10-million experiment, Exxon rescarchers sprayed some 70
miles of beaches around Prince William Sound with a fertilizer called Inipol thar was
developed in the carly 1980s by the French petroleum company EIf Aquitne. The
goal: to stmulate the growth of naturally occurring bacteria known to have an
appeuite for hydrocarbons. It was the biggest test ever conducted of the use of bacteria
to clean up an oil spill (Sdence, 18 August 1989, p. 704).

Though nobody is routing the technique as a cure for cvery oil-fouled beach,
preliminary surveys conducred last summer by the Environmental Protection Agency
(EPA), which is parucipatng in the test, indicated that the sprayed beaches showed
dramatic improvement compared 1o untreated arcas—usually within 15 davs. Now
laboratory rests performed this winter have provided detailed support for these
obscrvagons.

For cxample, scientists found two orders of magnitude greater microbial counts on
beaches soon after they were treated than existed in untreated arcas. And the effect
lasted, with clevated levels of oil-degrading bacreria persisting 5 months after
spraying, according to Russcll R. Chianclli, senior rescarch associate ar Exxon
Rescarch and Engincering Company. Best of all, the bacteria turned our w have a
much greater appetite for oil than anyone had imagined, says Chianelli. In fact, EPA’s
and Exxon’s data coliection cfforts were initally hampered because the organisms
cven artacked some compounds in the crude oil that rescarchers were hoping to use as
long-term markers for statistical

Snllmbcdcmmmedu!nwdfemvcdnwdmiqmishdigadngoddmha
penctrated porous stonic or migrated below the surface of pebbic beaches. EPA and
Exxon rescarchers say the fertilizer scems to be stimulating increased degradation
depths of about 1 foot, but biological activity there may occur at a slower rate.
Chianclli reports, however, that preliminary tests indicate that oil beneath surface
rocks was consumed by microorganisms in about 40 to 50 days.

As for roxic effects, so far no significant impact has been scen in museed lsrvae and
oyster larvac, says Hap H. Pritchard, a microbial coologist with EPA. Nor did the
chemicals simply dissolve oil on the beaches and causce it to run off into the sound, as +
some rescarchers had feared, says Pricchard.

All this makes one of the originators of the technique—Ronald M. Adas, a
professor of biology at the University of Louisville, who first experimented with
fertilizer formulations similar o Inipol in the late 1960s—eccstatic. Currendy working
uamulmnﬁxﬁmnondndanup.Aduuya'ﬂmmmondmmnc
surface results than anyone had

But while these results are encouraging, EPA officials are quick to point out that the
method is not a magic, cheap solution nor a cure-all for oil spills. Every beach that was
treated first had to be hosed down to disperse the 0il across the surface of the beach
before the fertilizer was applied. The technique also is not likely to be rocky
portions of the 1089 miles of Alaska shoreline contaminated by oil the
fertilizer solution will not dling to vertical surfaces. Thumuldahohnmthewlultm
of the technique on steeply sloping beaches, EPA officials say. F
of biological activity declines with cold weather—by some 75% )
cxpected. Quantifying the cffcts of biological degradation particuldrly i igins
difficult because of increased physical washing that results from wave actiol

Nevertheless, the treatment strategy has worked well enough for Exxon sggonti
to experiment. This summer the company js cxpected to expend the use of fertiliz
mtoaddrdomlpamoannechhungmd.ltahohaWduAm.
Petroleum Institute to step up research on becterial scouring. Moreover, Atas
predicts that the results will trigger & wave of new rescarch by oil companies, EPA,
and universitics to better understand how shorcline microorganisms break down oil.
ltmwﬂwmmammdmbpugmmmm
for dealing with oil spills on land as well as along cosstlines. 8 MARK CaawroRrp

nmt&nﬂum ¥37
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THE TINIEST

TOXIC AVENGERS

| More ¢ eanup companieé are using bacteria that gobble up wastes

!

{ the 1,100 miles of Alaskan
shoreline fouled last year by the
‘ Foxon Valdez, few pldves suf-

fered more than Passage Cove on Prince
William > ound’s Knight Island. Within
davs, il eeped nearly two feet into its
grravel-arlsand beaches. Even hot-water
spravs ¢ In’t help much. By mid-July,

save Re et 1. Mastracchio, Exxon

Corp s o hmeal manager in Alaska, the
<hore wie sull “bliack and gooey.”

Thiat's when scientists decided to in-

ate the natives—microorganisms  that

" live in s’ and water. They sprayed the

beach wi o fertilizer, hoping that adding

|
!

ar from
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[

1

|
|
|
|
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nutrients would stimulate the naturally
oceurning hucteria to, feed on the gunk.
Three wi ks later, the fertilized areas
were new v elean of ol for a foot down,

ur reated areas wore a sticky
Peout. And oresearchers found that the
populatio- of voracious bugs in the fer-

" had increased a hundredfold.
THIS WORKS.’ Thg.Valdez cleanup, while

cess vel

1| mnn v I ses nature s tlmesf crea-

tures o _(le:m u
messes. " We've proven 1s works,
—C

save scier tist John A. Glaser of the En-
vironmen Al Protection Agency. On May

complete, € est_suc-
ur a tec mque €d bioreme-

: Alaskan officials gave Exxon approval
to fertilize 35 more miles of spoiled
shoreline this summer.

Now, morg than three dozen cleanup
companies are turmng to organisms that
scarf up eve m_diesel oil to

highly_foxic_polychlorin
{Pces) and heavy “metals,. which -were
once thought to “be impervious to decon-
mination. But it turns out that “there
are bacteria that will eat anything,” rays
Richard C. Cassin, founder of San Diego
startup Bioremediation Inc. .

This year, the market for bioremedia-
tion products and services is only about
$30 million, says Concord (N.H.) envi-
ronmental consultant William T. Lorenz.
But it may be ready to bust loose. Some
companies are netting contracts of more
than $1 million, far higher than the
$250,000 or so that was comwmon just two
years ago. Venture capitalists are begin-
ning to fund a few startups, and even
traditional waste-treaters such as IT
Corp. are using more bioremediation.

The trend comes just in time. The EPA
estimates that conventional cleanups of
some 1,200 U. S. Superfund sites, areas
of extreme contamination, would cost
$24 billion. Some methods, such as incin-
erating contaminated soil, can run up to

$1,000 per ton—and are under attack |
from both regulators and the public as

potentially unsafe. Bioremediation,
contrast, typically costs less than $100 4
ton. It also offers a big advantage: lp

by !

stead of simply relocating the problem,

bacteria eliminate it. And bioremediation
may be safer: It has been used in waste-
watertreatmeat plants—und even out-
houses—for half a century.

®AT AND Dt To obtain the right clennup
bugs, scientists typically take soil ar wa-
ter samples from a toxic sue—{"<n
has even scraped oil deposits off s
driveway—and grow the nueroorizn:
isms they contain in a lab Some of v
bacteria feed on the carbon atouy
make up organic chemicals, ux

HEHYA ‘
\ »”)‘

breaking the chemicals down to ca=non ¢

dioxide and water. Researchers car rhen
breed strains that depend on a contam,
nant to live and that will die of f anee the
food source is gone. That way, there's
little risk that they'll ron amok

The quickest way to treat conlaminad
ed soil is to excavate it, mix it up with

water, nutrients, and bacteria on o plas-

tic sheet, and pump air throughk 1= In
early 1989, Groundwater Technology
Inc. in Norwood, Mass., used this meth-
od to clean up an oilv mess at i Toxas
oil-storage facility in eight weeks. Con
taminated groundwater is usually treat-
ed in a “bioreactor’—a tank contaimnmg
specially selected bugs. Randall J von
Wedel, president of Cytoculture Interna-
tional Inc. in Point Richmond, Calf,
hopes his company can shave months off
a'two-year project by pumping bacteria-

|

laden water back into ground that has |

been contaminated with diese} fuel.
For all the recent success, bioremedia

tion faces huge obstacles before it be-

BIOREMEDIATION:
A BARGAIN FOR
CLEANING UP sou

$504$100.....

BIOREMEDIATION
.

$50-$100 -

C(HEMICAL STABILIZATION

$200 . .

THERMAL DESORPTION

$300-%400 . .
1 CINERATION {ON-SITE)

$1,000 ..
1N IRERATION (OFF-SITE)

DA REMEDIANON TEGNOL OGS INC

WIEK/JUNI 4, 1990

VOM WEDEL ©
CYTOCULTURE:
FAST WORK .
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comes the preferred pollution treatment.
It usually takes longer for bacteria ‘to
work than for soil to be hauled away or
incinerated, and bugs often stop munch-
ing before the contaminant is gone. One
problem: They need nutrients and oxy-
gen. “You can't just take a bag of bacte-
ra and throw it on the ground,” says’
Roger J. Colley, president of Envirogen
Inc., a Lawrenceville (N.J.) startup.
Now, scientists, are finding anaerobic
bacteria, which can survive without oxy-
gen. For instance, Woods Hole Oceano-
graphic Institution in Massachusetts has
discovered anaerobic bacteria living nﬁ:r
warm water vents 6,000 feet deep in the
Gulf of California that can degrade
naphthalene, a stubborn hydrocarbon.
And General Electric Co. has found both
anaerobic and oxygen-dependent bugs
that could help clean up 500,000 pounds
of PCBs in a 40-mile stretch of the Hud-
son River inwpstate New York.
HELPFUL FUNGUS) Another limitation for
today’s tiny toxicjavengers: Bugsy usual
ly attack onlyDfie contaminant. So they
may be useless in some of the worst
waste sites, which contain many differ-
ent toxins. One idea 18 to use genetically
engineered organmsnts for-these. Enviro-
- wen is exploring the insertion of several
remediation genes into Escherichia colt
bacteria, perhaps the most common
around. But regulators must spprove
the use of any genetically engineered
organisma. The Flectric Power Kesearch
Institute, Jooking to clean up power |
plant waste, hopes to avoid that by ad-
justing environmental factors, such as
nutrients and oxygen, 1o gel orgamsms
to exchange genetic material naturally. .
The search is also 'on for bioremedia-
ton bugs to tackle even tougher prols-
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TEACHIRS AT SAN ANTOMIO'S EIDGEWOOD NIGH

THE MONEY GU'I-
THAT HAVE SCE

lems. Bacteria found at the Eneryy
Dept.’s Hanford Reservation nuclear fa-

cility in Washington State keep radioac-
tive materials such as cesium and uriny- |
dm attached to rocks and soil—and out
of groundwater. And researchers at the
University of California at Riverside
have found a fungus that detoxifics sele-
nium, a metal that causes birth defeets
. in migrating birds in California’s Central
Valley. Last month, a University of M- 1
nois professor even described a bacteria- l

l

]

)

produced detergent that could be
sprayed on beaches before a spill ar-
rives, to prevent oil from sticking.
Some environmentalists still have res-
ervations: In Alaska, they fear that fer-
tilizers used to stimulate bugs mav harm
wildlife. They also worry that business
may simply see bioremediation as a way
to avoid more thorough clesnups. But GE
gcientist Daniel A, Ahramowicz dis-
agrees: His studies show that natural
bacteria are already slowly eating some
PCBs in the Hudson river. The challenge
now is to help them along.
By Robert D. Hof in San Francisco

Is equal spending one cure for (1

é nything vou can imagine |
need," savs James Vasquen, o
perintendent of the Edpeswo:

independent school district in San Ant..

nio. In this low-income, largrely Hispe
district, teachers often dig intn their ows

pockets Lo pay for hasie supphies M

classrooms are not air<onditioned, e

temperatures can soar above T00F i 11 o

Texas heat. High school students shar

a few 10-year-old computers.

Vasquez says such mndin)rr ref
the best he can do on an annual hudyeo
of $3.150 per student, which eovers ..
lunches for 92% of Fdgewood's studers
plus teachers, books, and maintenane
In contrast, upper-middle-class Clenr
Lake High near Houston has two Ll
tes and science lab aress, three grvmns
ums, 4 pool, and dozens of new compore
ers. Clear Lake's distret tax hase w
generate 34,100 per student this vear
and locals recently passed a §22 milin.
bond issue to build new schoo! facilitn-
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A bloremediation treatment that consisted of liming, fertilization, tilling was evaluated on the labora
scale for its effectiveness in cleaning up a sand, a loam, and a clay
bv gasoline, jet fuel, heating oil, diesel oil, or bunker C. Expi
te mperatures of 17, 27, and 37°C; no treatment; bioremediation treatment; and poisoned evaporation con
Hydrocarbon residues were determined by quantitative gas ¢
rvsidual weight determination. Four-point depletion curves were
variables. In all cases, the disappearance of hydrocarbons ‘maximal at 27°C and in response
bioremediation treatment. Polsoned evaporation controls u
tion, but nevertheless, they showed that bjodegradation makes 'only
disappearance from soil. Bunker C was found to be structurally rec
1 year of incubation. The three medium distillates, jet fuel, heating

Vol. 56 NoI'3"

ollege, |Ruigers University, New Brunswick,

contaminated at 50 to 135 mg g of soll !
ntal variables included Incuba

phy or, in the case of bunker C,

ted the true blodegradation contribu-
a modest contribution to gasoline
t, with close to 80% persisting after
, and diesel ol), increased in persistence

in the listed order but responded weli to bloremediation mmw all test conditions. With bioremedi-

ation {reatment, it should be possible to reduce hydrocarbons to

onie growing season. . .

ficant levels in contaminated soils within

|
. ] b

Soil that is accidentally contaminated by petroleum fuel
spills is classified as hazardous waste (2). When the amounts
of conuuql nated soil are large, the currently accepted dis-

tt:qds of ingineration or burial in secure chemical
become prohibitively expensive. This often
delays while the contaminated soil contin-
e groundwater resources (8). Land treat-
ment disposal of ojly refinery sludges has been practiced for
decades with gegerally good results (1). This project was
designed to test, on the laboratory scale, what type of fuel
spills could be cleaned up by a cost-effective bioremediation
approach based on a land treatment process optimized for
oily sludg:s (4). In addition to five different fuels, the
variables included three contamination levels, three incuba-
tion temperatures, and three different soil types. Petroleum
hydrocarbon disappearance rates were compared in contam- -
inated but otherwise untreated soil, in bioremediation-
treated so:, and in soil poisoned in order to suppress
biodegrad: tion (6).

MATERIALS AND METHODS

Fuel products. The following fuel products were selected
for use in this study: as a low-boiling-point distillate, un-
leaded gasoline; as a medium-boiling-point distillates, jet
fL.!el, heati ig il (no.. 2 fuel oil), and diesel oil; and as a
high-boiling-point distillate, bunker C (residual fuel oil). The
bunker C sample contained 15 to 20% (by volume) of a
mediurg distillawe, which is commonly added to lower the
otherwise very high pour point of this product. All products
were supplicd by the Bayway Refinery, N.j. (Exxon USA).
'l:he fuel products were initially characterized as to their
ciass comr-osition and carbon range. !

Preparaiion and Incubation of fuel-contaminat¥d sofl sam-

* Coiresponding author.

t New Jersey Agricultural Expesiment Station Publication no:
D-01502-03-85. i

ot Prcscni-addrcss: Depértment of Microbiology, Ulsan Univer-
sity, Nam-Ku, Mugeo-Dong. Ulsan, South Korea.,

ples. Soils Lvem selected to include light, medium, and heavy
textured opes. Their textures, organic matter contents, and
pHs were|determined (7). Soils were freshly collected for
each experiment. They were partially but not completely air.
dried to al’ow %eving (2-mm-diameter openings) for uniform
consistengy, but without damaging their biological activity.
The sieved soils werg packed into glass columns (outer
diameter, 25 mm; le , 250 mm) at the bulk density of
cores coliécted from the field. The resulting columns were 60
g (dry weight), 22 mm in diameter, and 150 mm in length.
The lowet ends of the columns were closed with a Teflon
(E. 1. du Pont de Nemours & Co., Inc., Wilmington, Del.)-
wrapped plug and a closablc drain spout. After packing,
water was added to the top of the column to adjust the
moisture ¢ontent of the soil to 50% of its holding capacity.
Lime (CaCo,} was added to semidry soil prior to column
packing. The amount was based on liming curves, and the
lowest amount of CaCO, sufficient to raise the pH to 7.5 to
7.6 (7) was added. For all threc soils, this was 10 mg of
CaCO, g of soil ™!,

Nitrogen and phosphorug fertilizers, unless noted other-
wise, were 60 umol of N as NH,NC, and $ umol of P as
K,HPO, g of s0il™' (4). They were dissolved in the water

~ that was|used for adjusting the moistuie content. Sofi

columns were contaminated with fue! products by placing
the fuel products on top of the colimns and allowing them to
infiltrate by gravity flow. The maximal application rate (135
mg g of g0il™') was chosen so that it would not result in
either fuef or water flowing out from the soil column. Bunker
C was toa viscous to be applied in this manner. It was mixed
with semidry soil and was patked and subsequently moist-
enzd. The cvaporation of water during incubation was
compenssted for by weighing the prepared suil columns and
adding disiilled water tc compensste for eny weight loss
during intubation. Week!ly tilling of the soil columns was
performed by inscrting a stainlcss stee! wire tato the soil
columns 15 times. This ircatment, which was forced vy the
constraings of the incubation system, was much le:s effectivi:
in aerating ihe scil than conventionai tilling in the fielc ix
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' FIG. 1. Disappearance of gasoline hydrocarbon (HC; 50 mg g of
soil~?) from columns of loam soil. Symbols: O, untreated soil; @,
~ bioremediation-treated soil; 0J, poisoned soil.

shown). There was little or no difference in the loss of
short-retention-time materials, but treatment that promoted
biodegradation visibly increased the loss of the components
with longer retention times.

Bunker ) The disappearance of bunker C from soil was
very slow and incomplete (Fig. 2). None of the samples
reached a 50% reduction during 48 weeks of incubation
(Table 4). Bioremediation initially accelerated bunker C
disappearance, but no further stimulation was evident after 8
weeks of incubation. We interpret these results as signifying
that most bunker C components were structurally resistant
to biodegradation. The maximal weight losses from bunker C
matched closely the amount of medium distillate used to
lower the pour point of this product (Table 1). We conclude
that bioremediation has only very limited beneficial effects
on gasoline and on bunker C elimination from soil, although
for quite different reasons.

Jet fuel. Jet fuel disappearéd from soil quite rapidly (Fig. 3
and Table 4). As evident from the ponsoned samples, vola-
tility losses of jet fuel were potentially quite high; but for the
reasons discussed earlier, volatility losses from biologically
active samples were actually much lower than those indi-
cated by the poisoned controls. Bioremediation substantially

50
O\
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[ ® ) o
®
2 40¢
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o
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‘i‘ 0}
[
o 8 24 ) )

TIME (wegks)
FIG. 2. Disappearance of bunker C hydrocarbon (HC; 50 mg g of
soil”?) from columns of Lakewood sand. Symbols: O, untreated
sand; @, bioremediation-treated sand; O, poisoned sand.

BIOREMEDIATION POTENTIAL OF TERRESTRIAL FUEL SPILLS 655.‘

HC (mg/g soil)

6 8
TIME (WEEKS)

FIG. 3. Disappearance of jet fuel hydrocarbon (HC; 50 mg g of
s0il"!) from columns of Penn clay loam. Symbols: O, untreated
loam; @, bioremediation-treated loam; O, poisoned loam.

accelerated jet fuel disaﬁpcmance in the first weeks after the

spill. In untreated but biologically active soil samples, dis-’

appearance tended to catch up to that in the bipremediationr
treated samples in the later phases of incubation. Although
the redox potential profile of the soil columns was not

measured, from experiments conducted in thin surface soil.

layers (9), we concluded that this is largely due to oxygen
limitation in the soil columns. The oxygen limitation did not
allow bioremediation to manifest its full beneficial effect in

-this incubation system. In poisoned controls, volatilization
| concentrations to 50% in 12 weeks, -

failed to reduce jet
except in onec case (Clay loam) that we consider to, be an
experimental artifact. We believe that the clay loam, with its
considerable cation exchange capaclty. immobilized most of
the Hg" ions from the solution in the upper portions of the

soil columns and so allowed some blodegradauon tooccurin

the lower portions of the columns.

Heatlng oil. Heating oil was less volatile and more persnst-
ent than jet fuel was (Fig. 4 and Table 4). Heating oil in soil
responded well to bioremediation treatment fthat typically

shortened its half-life to 50% or less as comparéd with that of

untreated soil. .

140
°
g 704
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X
0 3 ) 9 12 15 18
' Time(weeks)
FIG. 4. Disap ce of heating oil hydrocarbon (HC; 135 mg g

of soil~!) from columns of ioam soil. Symbols: O, untreated loam
soil; @, bioremediation-treated loam soil; (J, poisoned loam soil.
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