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ABSTRACT

The design of natural treatment systems that use vegetation is a developing area of research. In
order to move this technique from research to practical use, a system to assist potential usersin the proper
design is needed. This paper will present a decision support tree designed to assist in the planning of a
natural treatment system for a contaminated soil, using vegetation. This support tree has the potential to offer
the background needed for design rather than requiring the user to possess this background. By using the
support tree, persons seeking choices regarding information on the design of a vegetated treatment option
can find smple and generalized solutions. The objective of this paper isto show an initial guidefor aveg-
etated treatment option, the decision support tree. The decision support tree will require input from the user.
Theinput would consist of answering afew questions related to the type of contamination, soil, and climate.
From thisinput, the decision support tree will provide alist of plantsthat would be suited to the site. Future
work will include having the output from this decision tree to serve asinput to agraphical user interfaceto
further help environmental professionals design vegetated treatment options.
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INTRODUCTION m Phytotransformation — the process that
A need existsfor asystem providing involvesthe uptake and metabolism
support inthedesign of avegetated treatment of contaminants
optionfor contaminated sites. Potential usersof g Rpi zosphere bioremediation — degra-
vegetation intrestment system designshaveno dation of acontaminant dueto the
tool at present to aid in designing thetreatment increased microbial activity around
systems. Theobjectiveof thispaper isto the root zone (rhizosphere)
present asimple screening tool to useasan m Phytostabilization— the use of vegetation
initial guideinevauating whether vegetationwill to prevent themigration of contaminants
work for aparticular site. through control of thehydraulic gradient
DEEINITIONS or reinforcing of the soil structure
Sincenot al vegetated trestment options m Phytoextraction— theuse of vegetationto
aredlike, afew definitionsare offered. upteke contaminantsinto their biomass

invariousengineered trestment options rootsto sorb contaminantsin place
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MAJOR FACTORSINVOLVED IN
CHOOSING VEGETATION

Many factorsareinvolvedin properly
choosing vegetation for use on acontaminated
soil, sediment, or water. Thefirst factor consid-
ered by thedecision treeisregulatory concerns.
Dependingonindividua stateregulations,
special permission may need to beobtainedin
order to employ avegetated remediation
solution. The second factor consideredis
climate. Climateischaracterized by anumber
of individua parametersincluding precipitation,
minimum and maximum temperatures, length of
growing season, evaporation potentia, drought
potential, and flooding potentia. Inadditionto
climate parameters, the user may needto
consder the ecoregionfor in Situ treatment
systemsthat areto producean ecologically
vigblesolution.

Thenext decisonfactor consideredissoil.
Sail can aso be characterized by anumber of
different measuresincluding texture, fertility, and
pH. Thelast factor considered iscontaminant
properties. Propertiesassociated with the
contaminant depend on thetype of contaminant
and theamount of contaminant present. In
order to choosethe proper type of vegetation,
one needsto consider each of thesefactorsand
how they interact with each other. Knowingthe
typeof contaminant may limit thetypesof

vegetation that may beavailableto choosefrom.

Also knowing thefactorsdescribing theclimate
can help choose what type of vegetated treat-

ment optionsarepossible.

QUESTIONNAIRE-BASED DECISION
SUPPORT TREE FOR ASSESSING THE
USE OF VEGETATIONIN A
REMEDIATION SYSTEM

Thefollowing seriesof questionscomprise
theinitial guide designed by theresearchers,
based ontheidentified factors. Each questionis
followed by therange of answersallowed and
suggested information sourcesto usein answer-
ingthequestion.

1. Arethereany regulationsin your areacon-
erning thefour natura trestment op-
tions?

Answer: Yesor No.

Contact State Department of Health
and the Environment or equivaent
agency. Soil cleanup guiddinesfor each
sateareavailableat http://
www.aehs.com/. Usethelink to state
surveys, and then choose the appropri-
ate state.

2. What isthe pH of the soil? Answers: >8,
6-8, or <6. Depending onthe pH, a
guantity of acceptable vegetation
may belimited. Additionaly, a
recommendation for soil amendments
may be made to modify the soil
environment to provide asuitable
environment for vegetation.

Soil Testing - pH

3 Whatisthesoil classficationongte? An-
swers. clay, sandy clay, silty clay, clay
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Figurel. TheUSDA Soil Texture Triangle
(Eweisetal., 1998).
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Figure2. The Soil Ordersof the United States
(Dragun, 1998).

loam, sandy clay loam, silty clay loam,
loam, sandy loam, silt1oam, loamy sand,
sand, and silt. Thesesoilsareclassified
into threemain categories. fine-, me-
dium-, and coarse-textured soils. A fine
s0il generdly containsmainly claysand
slts. A medium soil containsahigh
percentage of sandsand somegravel.

A coarse soil hasahigh percentage of
sand and gravel. Based onthisclassifi-
cation, different plants can be eliminated
for consideration.

Soil Testing Results—Texture (Figure 1)

4. |dentify thefertility of thesoil based on soil

ordersof theU.S. Using the soil order
chart andthefollowinginformation, a
fertility level of low, medium, or high,
can beassigned.

Soil order chart (Figure2) dongwith
thefollowing descriptionsfor fertility
(Dragun, 1998).

Alfisol —high

Andisol —low
Aridisol —highif sufficient water is
present

Entisol —highly variable, but canbe
highwith adequatefertilization and
water
Histosol —mediumto high, especidly if
drained
I nceptisol — mediumto high
Moallisol —high
Oxisol —low, needsheavy fertilizationto
becomemarginaly productive
Spodosol —highif sufficient fertilizer is
upplied
Ultisol —medium
Vertisol —low dueto swelling nature of
claysinthesoil andfinetexture

5. Contaminantswhich might posearisk

(toxicity to plantsor humans). Answer:
Chooseall that apply and usethe
number of hitsto assesstheoveral
toxicity of thesoil.
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Arsenic>40mg/kg
Boron>3mg/kg

Cadmium > 15mg/kg
Chromium(total) > 1000 mg/kg
Copper > 200 mg/kg

Mercury >20 mg/kg

Nickel > 100 mg/kg

Zinc>500 mg/kg
Cyanides(total) > 250 mg/kg
Phenols>20mg/kg

Sulfates> 2000 mg/kg
Tars(aspoly-aromatic hydrocarbons) >
1000 mg/kg

Petroleum products> 100 mg/kg
SteEvduaion

6. What i sthe depth of the contaminated soil?
Answer: <6inches, 8to 12inches, 15
to 20inches, and greater than 20
inches. Thecategoriesareusedto
select grasses, garden cropsor grasses,
shrubs, and trees, respectively.
SteEvdudion

7. What isthe depth to groundwater? Answer':
< 3feet, 3to 8feet, > 8feet. If the
groundwater tableislessthanthreefest,
hydraulicdraining of thesitemight be
necessary to reducethe potential for
migration of contaminants. A plant type
withahigh evapotranspirativerateis
suggested inthiscase. For an applica-
tion with agroundwater table between
threeand eight feet, thereislittlerisk for
migration and should be sufficient water
for plant growth. If thewater tableis
greater thaneght, irrigationmay be

necessary for establishing thevegetation.
SteEvaudion

8. How longisthegrowing season (number of
frost-freedays)? Answer: number of
days. Plantsare selected based onthe
number of frost-free days.
Climatedataavailableat http://
www.cdc.noaa.gov/~cas/Climo/polys/
dates.html.

9. What isthe minimum temperature at the site?
Answer: atemperature. Plantsare
selected based on hardinessto low
temperatures.

Hardinessmap (Figure 3)

10. What isthe average annual precipitation at
thesite? Answer: anumericvaue.
Plantsare sel ected based on the need
for water from precipitation.
Climatedata(Figure4) or theWeb site
noted in question 8.

11. Rank the probability of drought at thesite
for thenext year. Answer: low, medium,
or high. Based onthe probability for
drought, irrigation may benecessary for
adequate plant growth. Also, drought-
tolerant speci es can be selected.

Drought forecasting center at http://
enso.unl.edu/ndmc/. You canfollow thelink
entitled drought watch and proceed to drought
monitoring. Thereareother useful linksto past
drought mapsand general historical drought
informetion.

Based on the answersto these questions,
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Figure3. HardinessZonesin North America
(National Arboretum, 1999).

the user can select vegetation from adatabase.

Table 1 showsaportion of aplant database

constructed from known information on plants

usedinremediation studies. Only asmall
portion of thisdatabaseisshown in thispaper.

Please contact the authorsfor moreinformation

onthefull database devel oped for thisapplica-

tion. Table2 showsasummary of datafor the

Fort Riley vehiclewash pit wastetreatment Site.

Using thedatafrom Table 2 and the question-

naire, thefollowing answerswere obtained.

1. Yes, Kansas Department of Health and
Environment requiresthecleanup of
petroleum-contaminated soilsabove
100 mg/kg.

2. ThepH of the contaminated soil is8. This
pH iswithinthetypical range of 6-8;
therefore, modificationsof thepH aren’t
necessary. The plant characteristictable

Annual Average Precipitation

Figure4. Average Annua Precipitationfor the
United States (Oregon Climate Service, 2000).

liststhefollowing plants, tall fescue,
western whesatgrass, smooth brome,
Kentucky bluegrass, reed ,canary grass,
Bermudagrass, and coon’stail, witha
preferred growth pH inthemin/max
range specified.

3. Thecharacterization of thesoil fromthesite
showed that the contaminated soil
consisted of 40% sand, 42%silt, and
18% clay, whilethe native soil fromthe
siteconsisted of 20% sand, 62%silt,
and 18% clay. Therefore, the contami-
nated soil isconsidered aloam and the
native soil isconsidered to beasilt
loam. Thesesoil typesareconsidered
to be medium- to fine-textured soilsand
thisdoesnot disqudify any of the plants
fromthelistinquestion 2.

4. Based on thelocation of Fort Riley, the ol
orderisconsderedamollisol. Mollisols
aredark in color and haveahigh
fertility. Therefore, noplantsare
eliminated fromthelist.
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5. Based onthe siteevaluation and required ol
testing, copper, zinc, and sulfatearewell
bel ow toxiclimits. Themeasurement
for total petroleum hydrocarbon (TPH)
content was 821 mg/kg, whichisabove
thetoxicity limit. Withthishighleve of
contamination, the soil would be consid-

ered semi-toxictotoxic. Sincethe
contamination at Fort Riley ismainly

petroleum wastes, pretreatment will not
berequired. Higher petroleumlevels
have been knownto affect germination
and allowances may needto betakento

safeguardthis.

6. Thedepth of contaminated soil dependson

themanner in whichthe contaminated
soil isplaced onthenativesoil. Since
thetreatment depthsat Fort Riley are
45 cm or 18inches, grassesand/or
forbswould be recommended.

7. Thedepthtothegroundwater onthesiteis

>8feet. Thisareawill not need hydrau-
liccontrol sincethelayersareonabhill.
Sincethedepth of contaminationis

limited and no hydraulic control is

needed, treesare not recommended.

Table 1: Plant Characteristics Database.

Name Type Cll_;fc?e PI\:I;(I:)i(p M in( I':I')emp I\p/l)llin (':\I/tla:or':hr c()i(:) Pt/lgg;p

(in) (in)
tall fescue grass perennial 55 -38 5 12 24
birdfoot deer vetch forb perennial 65 -33 55 14 24
red clover forb perennial 65 -38 6 12 35
western wheatgrass grass perennial 32 -28 4.5 20 10
smooth brome grass perennial 45 -33 55 12 30
Kentucky bluegrass grass perennial 65 -28 5 10 24
Orchard grass grass perennial 60 -43 5 12 30
reed canary grass grass perennial 65 -33 55 14 35
big bluestem grass perennial 55 -43 6 20 12
Indian grass grass perennial 40 -23 5 24 12
Bermuda grass grass perennial 55 12 55 14 36
sunflower forb Annual 60 52 55 8 12
Indian mustard forb Annual 80 17 6 6 30
coon's tail forb perennial 55 -38 6.2 0 10
white poplar tree perennial 55 -43 49 24 24
switch grass grass perennial 40 -3 4.5 12 20
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8. Fromthe Nationa Oceanic and Atmospheric
Adminigtration (NOAA) Web sitefor
theFort Riley, Kansasarea, wefind that
theannua temperature graph shows

above-freezing daysfrom April to
middle November, or 200 frost-free
days. Thisdoesnot removeany plants
from our selected list.

Table2. Soil Characteristicsof Petroleum Hydrocarbon-Contaminated Sediments and Reference.

Uncontaminated Sail .

Characteristic Unit Central Wash Facility Native Soil
Sediment

Texture

Sand % 40 20

Silt % 42 62

Clay % 18 18
pH 8 6.4
Organic Matter % 208 3.8
NH4-+ mg/kg 604 6.9
NO3- mgkg 501 1.8
Brays P mg/kg 1 6
Total N mo/kg 1027 703
Total P mo/kg 255 173
Suifate my/kg 28.2 3.2
Chloride mg/kg 4 2
Exchangeable Cations
K mg/kg 209 301
Ca mg/kg 4740 3350
Mg mo/kg 370 605
Na mo/kg 38.3 13.2
DTPA Extractable Metals
zZn mg/kg 6.6 0.6
Fe mg/kg 58.2 36.9
Mn mg/kg 11.3 13.1
Cu mg/kg 2.2 1.1
CEC mmol/kg 14.3 28.8

174
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9. Theminimumtemperatureat Fort Riley
is--15° F. Thiswould remove Ber-
mudagrassfromthe selected list 23.

10. Theaverageprecipitationat Fort Riley is
33inches. Based onthisinformation,
both western wheatgrassand reed
canary grasswill beremoved fromthe
selected list, if wefollow thetempera-
tureguiddinesgtrictly. Western whest-
grasscould bekeptinthelist sinceit
hasawater requirement closeto the
anticipated rainfall for thearea.

11. Fort Riley isconsideredto havealow
probability of drought, and thiswould
not remove any plantsfrom the se-
lectedlist.

Sothelist of possibleplantstouseina
vegetated treatment option would betall fescue,
smooth brome, Kentucky bluegrass, and coon’s
tail, withwestern wheatgrass asan optional
species. Any of these recommendations
should be confirmed with local extension or

other specidists.

CONCLUSIONS

In order for vegetation to be considered
aspart of aremediation treatment system, a
simplified manner to choosethe different types
of applicablevegetationisneeded. By using
the designed questionnaire and the referenced
data sources, auser can obtain alist of plants
that might be applied to an engineered
remediation solution. The questions contained
inthe questionnaire are arranged so that non-
technical userscan find the answersthey need,

or they will bedirected tothetypeof datato
collectinorder to answer the questions.
Further work isin progressto create acom-
puterized graphical user interface that encom-
passes the questions and provides accessto
resourcesto answer the questions.
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