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ABSTRACT

Army training reservations contain vehicle wash facilities where combat and other equipment iswashed
after field maneuvers. During this process, sediments containing significant concentrations of petroleum
hydrocarbons accumulate in concrete sedimentation basins. Conventional treatment methods to decontaminate
these sedimentsinclude landfill disposal or land application. However, vegetative remediation systems may offer
a cost-effective aternative. A phytoremediation design that reduces petroleum hydrocarbons to acceptable
levelsand issimpletoimplement and maintain was devel oped for the Central Vehicle Wash Facility (CVWF), Fort
Riley, Kansas. This paper presents abrief outline of site characterization, vegetation treatment system design,

and complete results for atwo-year study.
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INTRODUCTION

Many army-training reservationscontain
vehiclewashfacilitieswherecombat vehicles
and other equipment arewashed with high-
pressurewater hoses after field maneuvers.
During thisprocess, sedimentscontaining
sgnificant concentrationsof petroleum hydro-
carbonsaccumulatein sedimentation basins.
Significant quantitiesof these sedimentsare
generated a 12 army ingtd lationsthroughout the
United States, two of which arelocated inthe
Great Plains/Rocky Mountain region.

Military vehiclesat Fort Riley, Kansas, are
washed at the Centra VehicleWash Facility
(CVWEF). Washwater from the CVWFflows
into animpoundment, where particul ate matter
settlesand light petroleum productsarere-
moved. Approximately 765 m? of water-

saturated sedimentsare removed fromthe
washwater impoundment every sixtonine
monthsand spread on the ground surfacein 45
to 105 cmthick layers. Laboratory analysisof
representative samplesof sedimentsfromthe
impoundment and land application Steindicate
measurabletotal petroleum hydrocarbon (TPH)
concentration between 482 and 3800 mg/kg.
The K ansas Department of Health and Environ-
ment (KDHE) generally considerscleanup goals
for TPHsin soilsas 100 mg/kg, but grants
variances depending on future uses of contami-
nated soils. Conventional treatment methodsto
managethese sedimentsincludelandfill disposal
or land application; vegetative remediation
systemsmay offer acost-effective aternative
(Daviseta., 1993; Reilly et a., 1996; Schnoor
etal., 1995).
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Aninexpensveplant treatment system
requiring minimal management wasdesigned to
treat sedimentsgenerated at the Central Vehicle
Wash Fecility (CVWE), Fort Riley, Kansas.
Another vegetation trial wasestablished at the
samesiteto treat sedimentsfrom amotor pool
wastelagoon. Thissecond trial hasbeen en-
tered in the nationwide Remediation Technolo-
giesDevel opment Forum (RTDF) field test for
TPH-contaminated soil. This paper presents
thedetailsof thevegetationtrialsand results.

FORTRILEY FIELDTRIAL: 1
Approximately 136 m? of sedimentsfrom
the CVWF were spread on amowed grassland
inJuly 1997. The sedimentswere spread
approximately 30 cm deep. In September
1997, avegetativetreatment schemewas
established with threetreatments: (1) an
unvegetated control, (2) agrassmixture cons t-
ing of tall fescue and western wheatgrass, and
(3) agrass-legumemixtureconsisting of tall
fescuewith red clover, birdsfoot trefoil, and
yellow sweet clover. Eachplotwas6 x 6 min
gzeanddl theplotswerefertilized with nitrogen
and phosphorus. Theplotswerearrangedina
randomized complete block designwith four
replicates. After seeding the plotsin September
1997, management of thetrial included three
fertilizer gpplications (23 kg/acre of nitrogenand
11 kg/acre of phosphorus) onal plots; two
mechanica clippingsof vegetated plots; and
four herbicide applicationson unvegetated plots.
Sediment sampleswerecollected for
preliminary analysisprior totheseeding (July
1997). A composite sampleof sedimentsand
theunderlying native soil wasanalyzed for

chemical and physica properties. Theexperi-
mental plotsweresampled six times(0, 6, 9,
12, 18, and 24 months after seeding) to deter-
mine TPH concentration. During each sampling
period, samplesweretaken from four random
placesin each plot and acomposite was made.
Thisresulted infour compositesfor each
treatment. Thecompositeswereair dried,
ground, sSieved througha2-mm sieve, and
storedin cold roomuntil analysis. A 3-g
subsamplewastaken from each composite and
extracted for TPH. Total petroleum hydrocar-
bon concentrations have been estimated usinga
procedurethat estimateshydrocarbonsinthe
motor oil range by gaschromatography
(Schwab et al., 1999).

FORT RILEY FIELD TRIAL: 2(RTDF
TRIAL)

Sediment for the second trid originated
fromamotor pool waste lagoon that was
drainedin spring 1999. Sedimentswere moved
tothemowed grasdand experiment sitein July
1999. The sedimentswere spread approxi-
mately 45 cm deep. 1n October 1999, a
vegetativetreatment schemewas established
according to the RTDF protocol (http://
www.rtdf.org/public/phyto) that includesthree
treatments: (1) an unvegetated control: weed-
freeand unfertilized, (2) astandardized grass
mixturecongsting of tall fescueand legumes,
and (3) aste-gpecific treatment consisting of
switch grass. Each plot was6 x 6 m. All the
vegetated plotswerefertilized with nitrogen and
phosphorus. Theplotswerearrangedina
randomized compl ete block designwith four
replicates. After seeding the plotsin October
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1999, management of thetrial included three
fertilizer gpplications (45 kg/acre of nitrogen and
23 kgl/acre of phosphorus, each time) on
vegetated plotsand one herbicide application on
unvegetated plots.

Sediment sampleswerecollected for
preliminary analysisprior to the seeding. Com-
posite samplesof sedimentsand theunderlying
native soil wereanadyzed for chemical and
physical properties. Theexperimental plots
were sampled onceat planting to determine
petroleum hydrocarbon concentrations.
Samplesweretaken from eight random loca-
tionsin each plot and acomposite was made.
Thisresultedinfour compositesfor each
treatment. Thecompositeswereblendedinthe
field by mixing therandom samplesinalarge
mixing bowl. Thecompositeswerekeptin
glasshottles, stored in coolers, transported to
thelaboratory, and shipped overnight toa
contracting commercia laboratory. The com-
mercid laboratory providesandytica services
nationwidefor the RTDF trials. Thehydrocar-
bon analysis proceduresincluded estimation of
TPH (modified EPA method 8015) and PAHs
(modified EPA method 8270). Additiona
analysisof biomarker concentrationsand
hydrocarbon fractionsby the TPH Criteria
Working Group method (Vorheeset a., 1999)
were a so compl eted to provide amore com-
plete characterization of the petroleum hydro-
carbon contaminants.

RESULTSAND DISCUSSION

Fort Riley Field Trial: 1
Figure 1 showstheaverage TPH concen-
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Figurel. Effect of timeontotal petroleum-
hydrocarbon concentration for grassmixture,
FortRiley Trid: 1.

trationsinthesoil withagrassmixtureduringa
24 month period. Initialy the TPH concentra-
tionwas 904 + 230 mg/kg (mean £ standard
deviation), which declined to 432 + 80 mg/kg
insgx months. During thefirst sx monthsof
plant establishment, the reduction was about
52%, with continued overall reduction of 73%
for the next threemonths. After 12 months, the
TPH had declinedto 201 + 116 mg/kg. This
amountsto a78% reduction during thefirst year
after planting. During the second year of the
trial, no further reductionin TPH wasobserved.
Theoveral reductioninthegrass mixture plots
was about 76% in 24 months.

For thelegumetreatment, theinitia aver-
age TPH concentrationinthe soil was 712 +
142 (Figure 2). TPH concentration decreased
t0463 * 144 mg/kginthefirst six months
(35% reduction). During the next threemonths,
theoverall reduction was about 60%, and it was
only 68%inthenext threemonths (Figure 2).
Attheend of first growing season, the TPH
concentrationwas 228 + 101 mg/kg. During
the second year, TPH va uesfluctuated between
151 and 290 mg/kg. Theoveral reductionin
legume-mixture plotswas about 59%in 24
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Figure?2. Effect of timeon total petroleum-
hydrocarbon concentration for legumemixture,
Fort Riley Trid: 1.

Figure3. Effect of timeontotal petroleum-
hydrocarbon concentration for unvegetated
treatment, Fort Riley Trid: 1.

months. Figure 3 showsthe TPH concentration
inunvegetated plotsover the 24-month period.
Initially TPH concentrationin the unvegetated
plotswas 846 + 214 mg/kg, which decreased
t0 227 + 67 mg/kg over the 24-month period
(overal reduction of 73%).

TPH concentrations at the beginning of the
trial, for al plots, averaged 821 mg/kg. For all
plots, theaverage TPH concentration decreased
t0 487 mg/kg at sx monthsand 206 mg/kg at
24 months. After 24 months of vegetation
treatment, the TPH concentrationsdeclined
about 75% fromtheinitial values. Most of the
decrease occurred during thefirst 12 months,
and thereduction stabilized over thenext 12
months. Itisasoimportant to note TPH has
been estimated inthe motor oil rangeinthis
study. If the TPH were estimated for gasoline
or diesel range hydrocarbons, the estimated
TPH vaueswouldlikely belower.

No sgnificant differenceshave been
observed between vegetated and unvegetated
treatmentsby analysisof variance. Itisimpor-
tant to notethat both the vegetated and
unvegetated treatmentswerefertilized. There-

fore, the unvegetated treatment cannot be
considered atreatment option that |eavesthe
sedimentswithout management. The TPH
concentration at thebeginning of thistrial was
low (821 mg/kg). Considering thislow begin-
ning TPH concentration, we have not seen
evidence of enhanced dissipation of hydrocar-
bonswith vegetation. Sincevegetation helpsto
hold soil in place and prevent erosion by wind
and water, keeping the soil vegetated hasvalue
evenif thereisno sgnificant differenceinthe
rate of biodegradation. Thistria will be
sampled again after another completegrowing
season (36 monthsafter planting).

To estimate the concentration of petroleum
hydrocarbonsin the native soil, asampleof the
native soil wastaken outsidethetria area. The
TPH concentration for thissamplewas 92 mg/
kg. Soil sampleshavealso beentakenfromthe
native soil at the depth of 30 cm fromthe
ground surface. Estimated TPH for these
sampleshaveranged from 39 mg/kg to 159 mg/
kg, with most samplesnear 100 mg/kg.

Two soil samplesfromthe 24-month
sampling weresplit, and oneset wasanayzedin
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our laboratory and the other submitted tothe
commercid laboratory providing andysisfor the
secondtrial. Onesamplewasfrom agrass-
vegetated treatment. Theother samplewas
fromthenativesoil. Thesesampleswere
analyzed for TPH and PAHs. The TPH esti-
mate of the vegetated treatment was 330 mg/kg
(compared against theaverage grassmixture
TPH of 221 + 30 mg/kg, analyzedin our
laboratory). The PAH concentrationsfor seven
probable carcinogenic PAHswereadll very low
ranging from 0.0041 mg/kg for dibenzo[a,
h]anthraceneto 0.15 mg/kg for
benzo[b]floranthene. Theestimated

benzo[ a] pyrene concentration was0.0099 mg/

kg. These PAHslevelswerewell below
concentrationsassociated with cancer risk levels
stipulated by regulatory agencies. A tier 2 risk-

based summary stipulated by Kansas Depart-
ment of Hedlth and Environment (KDHE) is
providedin Table 1. For thecommercia

laboratory, the TPH concentration of thesample

from the native soil was 140 mg/kg (compared
against theaverage native soil TPH of 100 mg/
kg, analyzedinour |aboratory).
Whilethevauesfromthecommercid
laboratory arelarger than the valuesfrom our
laboratory, the differences may be associated
withthenatura variationsassociated with
sampling and laboratory analysisprocedures.

Table 1. Risk-based standardsfor carcinogenic PAHsby KDHE (source: KDHE, 1999).

Residential Conditions
Soil to Groundwater
PAH Soil Pathway (mg/kg) Protection Pathway
(mg/kg)

N aphthalene 100 39
Acenaphthylene NA NA

A cenaphthene 300 190
Fluorene 270 200
Anthracene 13 13
Phenanthrene NA NA
Fluoranthene 2700 3800

Pyrene 2000 3000
Benzol al anthracene 12 10
Chrysene 1200 1000

Benzo[ b] fluoranthene 12 22

Benzo[ k] fluoranthene 120 240
Benzo[ al pyrene 1.2 40
Indeno[1,2,3,-c,d] pyrene 12 40
Dibenzo[ a,h]anthracene 1.2 3.1
Benzo[ g, h,i] perylene NA NA
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Figure4. Priority pollutant RAHsih fhesedi mentsat planting (fall 1999), Fort Riley Trial: 2.

Based onthefact that the recent TPH values
areonly about 100 mg/kg above background
levelsand the PAH concentrationsfor the seven
probablecarcinogenic PAHsared | very low,
thisremediation process appearsto beleading
to acceptableresults.

Fort Riley Field Trial: 2

Atthetimeof planting, themean TPH
concentration (modified EPA method 8015) for
all treatmentswas 14,704 mg/kg for the 0-15
cmdepth and 12,792 mg/kg for the 15-45 cm
depth. Figure4 showsthe priority pollutant
PAHsconcentrationsinthe sediments. The
concentration of priority PAHs (modified EPA
method 8270) inthe sediment for the0-15cm
was12.44 + 3.55 mg/kg, and total concentra-
tionof all PAHswas 216.75 + 81.32 mg/kg.
However, the concentration of carcinogenic
PAHsinthe0-15 cmdepthwasonly 4.73 +
0.89 mg/kg.

The concentration of priority PAHsinthe
sediment for 15-45cmwas 16.79 + 6 mg/kg,
andtotal concentration of all PAHswas66.37

+ 95.38 mg/kg. The concentration of carcino-
genic PAHsinthislayer of sedimentswasonly
3.96 +0.98 mg/kg. Naphthalene (apriority
PAH) wasfound inthe highest concentrationin
15-45 cm sediment layer , and
benzo[k]fluoranthenewasfound in thehighest
concentrationin0-15cm layer (Figure4).
Figure 5 showsthe estimated aliphatic
petroleum hydrocarbonsin the sedimentsby
TPH criteriaworking group method (CWGM).
Thetotal TPH present in 0-15 cm samplesby
CWGM was4154 + 1308 mg/kg, andin 15-
45cmitwas 1972 + 1136 mg/kg. TPH
estimated by the CWGM islower than TPH
estimated by method 8015 dueto differencesin
theextraction efficiency of thetwo methods.
Method 8015 uses dicholoromethane asthe
solvent, and the CWG method uses pentane as
the solvent (Vorhees, 2000). Thetotal aliphatic
TPH concentrationin 0-15 cm sampleswas
3250 * 1147 andin 15-45cm, it was 1328 +
793 mg/kg. Aliphatic petroleum hydrocarbons
having equivaent carbon numbersbetween 21
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Figure5. Tota aliphatic petroleum-hydrocarbons in the sedimentsat planting (fall 1999) by TPH

criteriaworking group method, Fort Riley Trid: 2.

and 35 congtitute themgjor aliphatic fraction
present in both sediment layers(Figure5).
Thetotal aromatic petroleum hydrocarbon
concentration present in the sedimentsby TPH
CWGM isshowninFigure6;itis911 +332
mg/kg at 0-15 cm and 640 + 594 mg/kg at 15-
45 cm. Aromatic petroleum hydrocarbonswith
equivalent carbon numbers between 21 and 35
congtitutethe major fraction of aromatics
presentsin both sediment layers (Figure6).

SUMMARY AND CONCLUSIONS
Aninexpend vevegetation treatment
systemwas established to treat sedimentsfrom

the Centra Vehicle Wash Facility (CVWF) at
Fort Riley, Kan. Excellent vegetation was
establishedintriad 1, and therewasasignificant
reductionin TPH concentration. Theoveral
reduction was about 75%; however, wedid not
seesgnificant differencesamong trestments.
We concludethat sufficient reduction of petro-
leum hydrocarbons can bereached infertilized
soil with or without vegetation for the batch of

sedimentswe used from CVWEFintria 1. This
might be dueto thelow initial hydrocarbon
concentrations. Treatment differenceswith
vegetation may be morelikely to beevident for
sedimentswith higher initid hydrocarbonlevels.
The presence of vegetation hassevera specific
advantages, such ascontrolling soil erosonand
leaching aswell asimproved aesthetic appear-
ance. Vegetation was established in the second
trial and the RTDF protocol wasimplemented.
Monitoring of thesecond tria isongoing and the
tria will be sampled at theend of each growing
season (in October) for threeyears.
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