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ABSTRACT

Long-term studies to observe natural attenuation have been described for many field locations. Often
the attenuation can only be inferred to be biodegradation, based on, for instance, the presence of cis-
dichloroethylene (DCE) where only trichloroethylene (TCE) was aknown contaminant. Becausein several
instances we had observed such transitions in the presence of plants, an unplanted control was set up to see if
natural attenuation may arise“spontaneously.” A cylinder 12 cmin diameter and 33 cm high was packed with a
natural, sandy soil. The surface-volatilized gas phase was sampled intermittently over morethan 1.5 years. Soil
water was analyzed for contaminants on several occasions. Continuous feeding of TCE-contaminated water
from the bottom resulted in release of only DCE, and relatively little of that. Both methanogenesis and
methanotrophy were observed within the contaminated column. Surface monitoring currently indicates disap-
pearance of >95% of theinput TCE.
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INTRODUCTION

Earlier sudiesinthislaboratory reported
the apparent degradation of several compounds
including tolueneand phenol suppliedin ground-
water to two planted channelsof dfafa(Davis
etal., 1994ab; Hoffmanetal., 1994). How-
ever, it was not established whether the degra-
dation processmight have occurred without the
added plantsor the nutrientsand bacterial
inocul ant that wereintroduced to the channels
early inther lifehigtory.

Further studies(Narayanan et a., 1995,
1996) with trichloroethylene (TCE) introduced
intheinlet water to thetwo-channel system
showed significant conversonof TCEtocis
dichloroethylene. Thisoccurredinthe (presum-
ably) anaerobic saturated zone so that the
contaminant materia inthe outflow water was
amost entirely DCE rather than TCE. The
water residencetimewaslong in thisexperiment
because >90% was | ost through evapotranspi-

ration before getting tothe outflow. Very little
TCE or DCE volétilization could be detected at
the soil surface between the plants. An undeter-
mined fraction of contaminant could have
passed through the plants.

Inexperimentswith TCE introduced asa
NAPL, volatilization of DCE wasobserved at
thesoil surfaceinasix-channd system, even
where plantswere not present in the channel
(Zhanget al., 1997). Inthisinstance, it ap-
peared that the reductive dechl orination was
occurring but further metabolism of the DCE
may havebeenminimdl.

To specifically addressthe question of
whether |ong-term degradative adaptation may
occur without specificinterventions, such as
nutrient addition, planting, or bacterid inocula
tion, agroundwater fed cylinder was set up.
Resultsobtained heremay reasonably reflect
what may occur under comparable conditionsin
thefiddwithminima interventions.
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MATERIALSAND METHODS

A cylinder of 12 cmdiameter x 33cm
depth (inside measurements) was set up Sep-
tember 11, 1998, and fed withalow level (25
ML/L) of trichloroethylene (TCE). Thesoil was
sty sand from near the closed Riley County
Landfill, asusedin previousexperiments. No
microorganismsweredeliberately introduced to
thissystem, whichisshown schematicaly in
Figurel. Thewater tablewasmaintained at a
few cm from the bottom, producing asaturated
zoneclosetothesoil surface.

Asprevioudy used with thetwo-channel
system described by Daviset al. (1993), a
mixing bottleof 13 L volumewascontinualy
stirred. Water wasintroduced into that bottle
from an open reservoir which determined the
overdl hydraulic head of thesystem. The
contaminant TCE wasintroduced into the mixer
at arateof 25 pL for each L water supplied to
the head-maintaining reservoir. A nylontube of
~3mm O.D. passed from the mixer to astan-
dard glass stopcock at the base of the cylinder.
Inside, glasswool had been packed to prevent
blockage by thesilty soil. Over thiswasa~1
cmlayer of finesand, then another layer of very
finesand. Both layerstaperedin depth, away
fromthestopcock. Carefully, ahaf-liter of
water was added; then the silty sand obtained at
depth of 20-40 cm from thelandfill Sitewas
packed on top of thewashed sand. Another
half liter of water wasadded, followed by sty
sand “topsoil” from thelandfill sitetofill the
cylinder completely.

Thenthe cylinder was saturated by intro-
ducing water, containing TCE, from the bottom,

‘ LONG-TERM TCE FEEDING SYSTEM ‘
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Figurel. Long-term TCE feeding system.

with thereservoir raised sothewater table
reached thetop of thecylinder. After aday, the
inlet was shut off and the soil was packed down
gently to provide asmooth surfaceand well-
settled column. Thenitwasalowedtodry
down until the saturated zonewas down to ~20
cm. At that point, thereservoir wasloweredto
givea10 cm (from bottom) water tableand the
stopcock wasreopened. The columnwas
wrappedinblack plastictoinhibit gal growth.
Surfacefluxesof TCE and DCE (cis-1,2-
dichloroethylene) were monitored by sampling
vented containers placed on, then pressedinto,
thesurfaceof thesoil. Thevolatileswere
detected by FID gaschromatography. Water
usagewas determined over long periodsof time
by record of the amount of water added to the
hydraulic reservoir to maintain aconstant head.

Proceedings of the 2000 Confer ence on Hazar dous Waste Resear ch



Water userates varied with season of theyear,
asexpected, with higher usage during thewinter
and summer and lower usageinthe spring and
fal whenreativehumidity washigher. Rates
variedfrom1L/2wkto 1L/ mo. When plants
were present, thewater usewashigher.

Soil water wassampled by usinga
sharpened brasscylinder forced into the soil to
adetermined depth, after which the corewas
quickly transferred to abottleand sealed witha
Mininert valve. Thesoil wasallowedto equili-
brate and then the head-space gaswas
sampled. The soil amount wasdetermined by
weighing the soil and bottlewet. Thewater
content was deduced by the differencein weight
after drying. Using the Henry constant and
appropriate volumecaculations, theequivalent
concentration in the agueous phase was deter-
mined. A linear correction wasmadefor
sorption to soil organic matter, whichwasonly

1% of the soil mass.

Levelsof TCEintheinlet water were
determined by adding known volumesof the
water to bottles stoppered with Mininert valves.
Head-space gas was sampl ed and agqueous-
phase concentration was calculated using the
Henry constant. Comparing head-space TCE
content with soil vslarge glassbeadsallowed
estimation of the sorption coefficient. Onasoil
massbasis, it wasacorrection factor of two;
that is, half of the aqueous-phase TCE became
sorbed to the soil organic matter.

RESULTS

No surfaceflux of TCE fromthecylinder
wasmeasurable, evenduring thefirst few
months; instead the dominant detectablegas
was DCE with somemethaneduring thefirst
year. Initidly, theflux of DCE over short
periods of time (15 -40 min) was about half of

Table 1. Surface DCE efflux at 90 days of exposureto TCE2,

Time relative pk ht
6 min 5, 4,45
16 min |16, 10.5, 11.5
30 mn |16, 16.5, 16
185 min | 46, 55, 56
24 hr 82, 68, 88

a. Sampleflux calculation. Water use1L/2wk or 336 h=<3mL/h. TCEleve is25uL/L =25
nL/mL = 0.29 pmol/mL (from density and formulawt). For 3mL/h, 0.87 umol or ~22 uL/h TCE
gasvoldtilizationis predicted based on water flux. Gas phase sampleisobtained from covering 1/
2.25 portion of surfacearea=~10mL/ hfor theareacaptured. Thisiscollected intoal50 mL
container so that ~ 70 nL/mL/h (ppm/h) isthe predicted accumulation ratein the gas phase. Ob-
served accumul ation rate converted to concentration by comparison to astandard of TCE givesa
concentration of 3nL/mL/6 min or ~30/70 of the expected flux. Accumulationisnon-linear over
time, as can be seen by graphing thedatafromthistable.
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the contaminant flux predicted fromwater usage
averaged over aweek-long period (Table 1).
After ayear, thishad declined somewhat, while
the methaneflux waslessthan 3% of theinput
TCE carbon. After severa further monthsof
exposureto TCE, the surfaceflux of DCE
decreased several-fold and methanewasno

Table2. Surfaceflux at several times.

A. 4.5 months
Time Relative pk ht
7 min 4,4,65
15 min 8, 11.5, 6.5
32 min 16.5, 8, 25
B. 5.5 months
Time Relative pk ht
10 min 5,8, 12
21 min 13, 18, 16
33 min 21, 26, 21
C. 6.3 months
Time Relative pk ht
10 min 1511
40 min 55,7,5
D. 13 months
Time Relative pk ht
16 min 1,15, 1
60 min 3,25, 25
E. 16 months
Time Relative pk ht
20 min 2,22
40 min 4,3,45
24 hr 15, 17, 13

longer observable (Table 2).

Soil sampling at two monthsfrominitiation
of feeding indicated that high levelsof DCE and
some methane both were presentinthefully
saturated zone. No TCE wasdetectableinthe
top 15 cm of the column.

After fivemonths, thecolumnwaspartidly
dried down, then watered from thetop with
Hoagland'ssolutionfor ~two weeksand
planted with successive cropsof sunflowers. It
was possibleto observetransfer of DCE into
the stemsof the sunflower plants, asreported
elsewhere (Daviset d., 1999). Water usewas
greater during thistimeand someorganic
carbon may have beenintroduced whenthe
plant roots decayed.

At ayear, severa monthsafter the plants
had been removed, the amount of methanein
the deep soil water wasonly asmall fraction of
theinput TCE concentration, lessthan 10% of
carbon (Table 3). Plant roots presumably had
not entered the saturated zone.

Now, after 20 monthsfrom theinitiation of
the column, no TCE isdetectableinthetop ~20
cmof soil inthecylinder and surfaceflux of
DCE isonly 6% of the amount expected onthe
basisof water use. Thereisno detectable
methanerel easefromthe soil surface, athough
themethanelevel inthe deep water remainsat
7% of TCE carbon concentration.

DISCUSSION

Thissystem appearsto haveevolved
into an effectiveremediation without intentiona
addition of any specific micro-organisms. Itis

All vauesarerdative, normalized tothesame
unitsusedin Table 1.

likely that the same soil could do soinitsnatural
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setting, if both anaerobic and aerobic zones
were present.

Surfacerelease of DCE hasdeclined at
least five-fold and rel ease of methane has
becomeundetectable. Giventhat instrumental
responses and sampling techniqueshavere-
mained the sameand thewater use continues
relatively constant, we can only concludethat
degradation isoccurring within the column.

Thissystemisnot unique. During experi-
mentswith TCE NAPL phaseinasix-channel
system, DCE wasobserved (Zhangetal.,
1997). Following these experiments, we ob-
served the presence of an additional peak
indicative of DCE being 9 owly desorbed,
during the course of alater study intended to
examinemethyl-tert-butyl ether (MTBE)
migration. During later studieswiththesix-
channdl system, we attempted to determinethe
transfer to plantsand surfaceflux of both
MTBE and TCE inasinglechannel, whenthey
wereintroduced inthegroundwater. Muchto
our regret, no TCE wasdetectableinthegas-
phaseflux fromthesoil surface, athoughitwas

present at the expected level intheinlet water.
Most likely it was converted to DCE, which
elutesat thesamepositionasMTBE inthegas
chromatograph, obscuringit.
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