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Introduction

Three linas of evidence are used to support natural
attenuation as a remedy for chlorinated solvent contami-
nation in ground water: documented loss of contaminant
at field scale, geochemical analytical data, and direct
microbiological avidenca. Tha first fine of evidence
(documented loss) involves uging statistically significant
- historical trends in contaminant concentration In con-
junction with aquifer hydrogeclogical parameters (such
as seepage velocity and dilution) to shaw that a reduc-

tion in the total mass of contaminants is cccurming at the

site. The second Iine of evidence (geachemical data)
invalves the use of chemical analytical data in mass
balance calculations to show that decreases in contami-
nant concantrations aan be directly corralatad to in-
creases in metabolic byproduct concentrations. This
evidence can be used to show that concentrations of
electron donors or acceptors In ground water are suffi-
clant to facilitate dagradation of the dizeolved contami-

nants (i.e., thers is sufficlant capacity). Solute fate and -

. transport models can be used to aid the mass balance
calculations and to collata Information on:degradation.

Microcosm studies are often ussd to provide a third line
of evidenca, The potential for biodagradation of the contami-
nants of interest can be corfirned using of INCRERSITG
through comparison of removals in the fving traatments
with removals in the controls. Microcosm studiss also parmnit
an absolute mass balance detarmination based on biode-
gradation of the contaminants of interest. Further, the ap-
pearance of daughter products in the microcosms can be
_ usad to confinm blodegradation of the parent compound.

“When To Use Microcosms

Microcosms have two fundamentally different applica-
tions. First, they are frequently used in a qualitative way to
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illustrate the Important processes that control the fate of
organic contaminants. Second, they are used to estimate
rate constants for biotransformation of contaminants that
can bs used In a site-gpacific transport-and-fate model of
a contaminated ground-water plume This paper discusses
the second application.

Microcosms should be uged when there is no other way
to obtain a rate eenstant for attenuatlon of contaminants, -
partioularly whan ostimating the rate of attenuation from
monttoring well data in the plume of concem is impossi-
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ble, In some situalions, there are legal or physical im-

pediments to the comparison of - concentrations In
monitoring wells along a flow path. tn many landscapes,
the direction-of ground-water flow (and water-table ele-
vations in monitoring wells) can vary over short periods
due to tidal influences or changes in barometric pres-
sure. Changes in the stage of & nearby river or pumping
wella in the vicinity can alac affect the dircotion of
ground-water flow. These changes in ground-watar flow
direction do not allow simple “snapshot” comparisons of
concentrations in monitoring wells because of uncertain-
tles in identifying the flow path. Rate constants frumn
microcosms can be used with average tiow conditions
to estimate attenuation at some point of discharge or
point of compliance,

Appitcation of Microcosms

The primary objective of microcosm studies Is to obtain
rate constants applicable to avarage flow conditions,
These average conditions can be determined by con-
tinuous manitaring of watar-tabla elavations in the aqui-
fer being evaluated. The product of the microcosm
study, and the continuous monitoring of water-table ele-
vations, will be a yearly or seasonal estimate of the
oxtant of attenuation along average flow paths. Remov-
als saen at field scale can be attributed to biological
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activity. If removals in the microcosms duplicata ramaval

at field scale, the rate constant can be used for risk
assessmeant purposes.

Selecting Materiai for Study

Fnor {0 choosing material for mivrucosim studies, the
- location of major conduits of ground-water flow should
ba identified, and the geochemical regions along the
flow path should be detarmined. The imporant geo-
chemical regions for natural attenuation of chlorinated
aliphatic hydrovarbons are regions that are activoly
methanogenie, axhibit sulfate raduction and iron raduc-
tion concomitantly, or exhibit iron reduction alons. The
pattern of chlerinated solvent biodegradation varies In
different regions. vinyl chloride tends to accumulule
during reductive dechlorination of trichloroathylene
(TCE) or tetrachloroethylena (PCE) in methanogenic
_ragions (1, 2); it does not accumulate to the same axtent
in regions exhibiting iron reduction and sulfate reduction
(3). In reglons showing tron reduction atens, vinyl chio-
fide 1s consumed but dachlorination of PCE, TCE, or
dichloroethylane (DCE) may not occur (4). Core material
must be acquired from each geochemical region in ma-
jor flow paths regresented by the plums, and the hydrau-
fic cunductivity of each depth at which core matertal is
acquired must be measurad. lf possible, the micro-
cosms should be constructed with tha most transmissive
material in the flow path.

Several characteristics of ground water from the same
interval used to collect the core material should be
determined, including temperature, redox potential, pH,
and concentrations of oxygen, sulfate, sulfide, nitrate.
ferrous iron, chloride, methane, ethane, ethene, total
organic carbon, and aikalinity, The concentrations of
compounds of regulatory concern and any breukdown
praducts for each site muat bo determined, The ground
water should he analyzed for methane to determine
whether mathanogenic conditions exist and for daughter
products ethane and ethene. A comparison ¢t the
.ground-water chemistry fror the Interval in which the
coree ware acquired with that in neighboring monitaring
wells will demonstrate whether the callected corgs are
representative of that section of the contaminant plume,

" Reductive dschiorination of chlarinated solvents re-
quires an electron donor for the process to proceed. The
electron donar could be soil organic matter, low molecu-
lar weight organic compounds (e.¢., lactato, acetate, metha-

_nol, glucosa), H,, or A en-contaminant such as landfill
laachate or petroleum compounds (5-7). Inmany instances,
the actual electron donor(s) may not be identified.

Soveral gharacteristics of the core material should also
be evaluated. The initial cancentration of the contami-
nated material (in micrograms per kilogram) should be

identifiad befora constructing the microcoeme. It is alra.

necessary to determina whether the contamination is
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present as a nonaqueocus-phase liquid (NAPL) or in
solution. A total petroleum hydrocarbon (TPH) analysis
will reveal the presence of any hydrocarbon-based olly
materials. The water-filled porosity, a parameter goner-
ally used to extrapolate rates to the fisld, can be calcu-
lated by comparing wet and dry weights of the aquifer
material.

To ensure sample integrity and stability during acquisi-
lion, it is important to quickly transfer the aquiter material
into a Jar, exclude air by adding ground water, and seal
tho jar without headspace. The material should he
cooled during transportation 1o the laboratory, then incu-
bated at the ambient ground-water temperature in the
dark before the construction of microcosms.

At least one microcosm study per geochemical region
shauld be completed. If the plume s greater than 1
kilometer in length, several microcosm etudies per geo-
chemical reginn may naed to be constructed.

Geochemical Characterization of the Site

The geochemistry of tha subsurface affects the behavior
of organic and inorganic contaminants, inorganic miner-
als, and microbial populations. Major geochemical pu-
rameters that characterize the subsurface include
alkalinity, pH, radox potential, dissclived constiluents {in-
cluding efectron acceptors), temperature, the physicai
and chemical characterization of the solids, and micro-
blal processes. The most important of these In relation
to biologlcal processes are alkalinity, radax potential, the
concentration of electron acceptors, and the chemical
nature of the solids.

Alkalintty

Biologically active portions ot a plume may be Identified
In the lield by their increased alkalinity (compared with
background welle), caused hy tha carbon dioxide result-
ing from biodegradation of the poliutants. Increases in
both alkafinity and pH have been measured in portions
of an aquifer contaminated by gasoline underguing ac-
tive utilization of the gasoline componants (8). Alkalinity
can he one af the parameters used to identify where to
collect biologlcally active cors material,

pH

Bacteria generally prefer a neutral or slightly alkaline pH
level, with an optimum pH range for most microorgan-
isms between 6.0 and 8.0; many microorganisms, how-
evaer, can tolarate a pH range of 5.0 to 9.0. Most ground
waters in uncontaminated aquifers are within these
ranges. Natural pH values may be as low as 4.0 or 5.0
in aquifers with active oxidation ol sulfides, and pll
valugs as high as 8.0 may be found in carbonata-hisff-
erad systems (9). pH values as low &3 3.0 have been
measured for ground waters contaminated with municipal
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. waste leachates, however, which often contain elevated
concentrations of organie acids (10). in ground waters con-
taminated with siudges from cement manufacturng, pH
vajues as high as 11.0 have been measured (9).

Redox Potentlal

The oxidation/reduction (redox) polential of ground
watar is a measurs of alectron activity that indicates the
relative ability of a solulion to accept or transfer elec-
trons. Most redox reactions in the subsurface are micro-
bially catalyzed during metabolism of native organic
waller or cunlarminants, The only elements that are
pradominant participants in aquatic redox processes ara
carbon, nitrogen, oxygen, sulfur, iron, and manganese
(11). The principal oxidizing agents in ground water are
oxygen, nitrate, sulfats, manganese(iV), and iron(ii).

Biological raactions in the subsurface both influence and
are affected by the redox potential and the avaliable

elactron accoptora. The redox potontial changee with,

the predominant electron acceptor, with reducing condi-
tlons increasing through the sequence oxygen, nitrate,
iron, suifate, and carbonate. The redox potential de-
creases in each sequence, with methanogenic (carbon-
ate as the elactron accepter) conditions being most
reducing. Thé interpretation of redox potentlats in
ground water is difficult (12). The potential obtained in
ground water is a mixed potential that raflects the poten-
tlal of many reactions and cannot be used for quantita-
tiva interpratation (11). Tha approximata location of the

contaminant plume can- be identified in the fleld by

measuring the redox potential of the ground water.

To overcome (he limitations imposed by traditional redox
measuremsnis, recent work has focused on measuring
snwlecular hydrogen lo accurately describe the predomi-
nant in situ redox reactiong (13-15). The evidence sug-
gests that concentrations of H, in ground wataer can be
correlated with specific microblal processes, and these
concentrations can bs used to identity zones of
methanogenesis, sulfate reduction, and iron reduction in
the subsurface (3).

" Electron Acceptors

Measuring the availabls electron acceptors is a critical
step In ldentifying the predominant microbial and gso-
chemical processes ocsurring In situ at the ¥me of sam-
_ple callection. Nitrate and aulfate are found naturally In
most ground waters and will subsequently be used as
electron acceptors once oxygen Is consumed. Oxidized
forms of Iron and manganese can be used as electron
acceplurs before sulfate reduction cutrunences, lron
and manganese minerals. solubifiza coincidently with
sulfate reduction. and their reduced forms scavenge
oxygen 1o the extent that strict anaerobes (some sulfate
reducers and all methanogens) can develop. Sulfate is
found in many depositional environments, and sulfate

.

reduction may be very common in many contaminated

ground waters. In environments where sulfate is de-
pleted, carbonate becames the electron acceptor, wiflt
methane gas produced as an end product,

Temperature

The temperature at all monitoring wells should be meas-

ured to determine when the pumped walter has stabi-

lized and Is ready for collection. Below approximately 30

fast, the temparature in the subsurfaca is faidy consis-

lent on an annual basis. Microcosms should ba stored
at the average in situ temperature. Biological growth can

occur over a wide range of temperatures, aithough most

microorganiama are active primarily between 10°C and

35°C (50°F to B5°F).

Chloride

Reductive dechiorination resuits in the accumulation of
inorganic chloride. in aquifers with a low background of
inorganic chloride, the concentration of inorganic chlo-
ride should increase as the chlorinated solvents de-
grade. The sum of the inorganic chioride plua the
contaminant heing degraded should remain relatively
consistent along the ground-water flow path.

Tables 1 and 2 list the geochemical paramaters, con-
taminants, and daughter products that should be meas-
ured during site characterization for natural attenuation.
The tables nclude the analyses that should be per-
formad, tho optimum range for natural attenuation of
chiorinated solvents, and the interpretation of the value
in relation to biological processes.

Table 1. Geochemical Parameotors

Analyals Range Interpretation

Redox potential < 60 mV Reductive pathway possitle

, againet Ag/AgC!

Sulfate <20 mgA. Compatas at higher
concentrations with reductiva
pathway ,

Nivate < ¥ mghl Computys at tigtme
concantrations with reductive

Oxygen < 0.5 mgA. Toleratad; toxic to reductive
pathwry at highaer
concentrations

Oxygen > {mgh Vinyl chlaride oxidized

~Iron(lly > 1mglL Reductive pathway possible
Suifida > 1 mgl Reductive pathway possible
Hydrogen >1nM Reductive pathway possible;
’ vinyl chioride may

accumulate

Hydrogen <1nM Vinyl chioride oxidized

pH S<pH<9 Tolerated range
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Jahla 2. Contaminanta and Daughter Products

Analysic tntarpratation

PCE Matenal spitiea

e Matarial spiiled or daughtar product {:r
parchioroethylene

1,1,1-Trichloroathane Material spilled

¢ls-DCE Daughter product of irichioroethylana

{rans-OCE Daughter product of trichioroathylens .

Vinyl chloride Daughter product of dichlaroathylena

Ethene Daughtar product of vinyt chiorida

Ethane Daughter product of ethene

Methana Uldmate reductive daughter product

Chioride Daughter product of organic chlorine

Carbon dioxide Ultimate oxidative daughter product

Allalinity Rasults from Interaction of carbon

dioxide with aquiter minerals

Microcosm Construction

During construction ol the icrocosms, manipulations
should take place in an anaerobic glovebox. Thasa
gloveboxes exclude oxygen and provide an environ-
ment in which the integrity of the core material may be
maintained, since many stict anasrobic bacteria are gen-
sitive to oxygen. Stringent aseptic precautions arc not
necessary far microcosm construction; maintaining the
anaerobic conditions of the-aquifer material and solu-
tions added 1o the microcosm bottles is mors important.

The microcosms should have appmximately the same
ratio of solids to water as the in situ aquifer material, with
minimal or negligible headspace. Most bacteria in the
subsurface are attached to the aquifer soilds. If a micro-
coam haa too much water and the contaminant is pri-
marlly in the dissolved phase, the bactera must
consume or transform a great deal more contaminant to
produce the same relative change in the contaminant
concentration. As & result, e kinetics of removal at field
scalo will be underestimated in the microcosms.

A minimum of three replicate microcosms for both living
and control treatments should be constructed for each
sampling event. Microcosms sacrificed at each sam-
pling intarval are preferabila to microcosms that are re-
petitively sampled. The compounds of regulatory interest
should be added at concentrations representative of the
higher concentrations found In the geochernical reyion
of the plume being avaluated, and should be added as
concentrated aqueous solutions. If an aquecus solution
is not feasible, dioxane or acatonilrle may be used as
solvents. Carriers that can be metabolized anasrobically
should be avoided, particularly alcohols. If possible,
graund water from tha site should be used to prepara

dosing solutions and to rastore watar lost from the core
barrel during sample collection.

Although no method is perfect, autoclavmg is the pre-
lerred sterilization method for long-term microcosm
studies, and mercuric chloride is excellent for short-term
studies (weeks or months), Mercuric chioride complexes
to clays, however, and control may be lost a¢ it is sorbed

. ovar tima. Sodium azide is affective in reprassing meta-
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bolism of bacteria that have cytochromes but is not
sffsctive on strict anaerobes.

The microcosms should be incubated in the dark at the
ambient temperature of the aquifer. Preferably, the mi-
crocosms should be Inverted In an anaeroble glovebox
os thoy incubate; anaerobic jare are aleo avallable that
maintain an oxygen-free environment. Dry redox indica-
tor strips can be placed in the jars to ensure that anoxic
conditions are maintained. If no anaerabic storage is
avuilable, the inverted microcosms can be immersed in
approximataly 2 inchas of water during Incubation. Tef-
fon-lined butyl rubber septa are excallent for excluding
oxygen and should be used if the microcosms must be
slored outside an anasrobic envirenment.

" The studies should last from 12 to 18 months. The

residence time of a plume may be several years to tens
of years at field acale. Rates of transiormation that arc
slow in tarms of laboratory experimentation may have a
conglderable -environmantal significance, and a micro-
cosm study lasting only a few wesks to months may not
have the rasolution tu Jdeleul sluw changes that are of
environmantal significance. Additionally, microcosm
studies often distinquish a pattern of sequential biode-
gradation of the contaminants of interast and their
daughter products.

Microcosm Interpretation

As a practicai matter, batch microcosms with an optimul
solids/water ratlo that are eampled every 2 months in
triplicate for up to 18 months, can resolve biodegrada-
tion from ablotic losses with a detection limit of 0.001 to
0.0005 per day. Rates determined from replicated batch
microcosing arg fourkd 1@ more accurately duplicate field
rates of natural attenuation than column studies. Many
plumes show significant attenuation of contamination at
field-calibrated rates that are slower than the detection
limit of microcosms constructed with that aquiter mate-
rial. Although rate constants for modeling purposes are

.mora appropriately acquired from field-scale studies,

agreement between rates in the fiald and rates in the
laboratory Is reassuring.

The rates measured in the microcosm study may be
faster than the estimated field rate, This may notbe due

to an emrorin the laboratory sxudy. pani_cmarly it e,stlma-
tion of tha field-scale rate of attcnuation did not account

POE

for regions of prafarentiat ffow in the aquifer. Tha regions
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* of preferential flow may be determined using a<own-hale
fluw meter or 8 geoprobe method for detsmining hydraulic
conductivily in 1- to 2-foat sactions of tha aquifer.

Statistical comparisons can determine whether remov-
als of contaminanta of enncarn in the living treatmants
are significantly ditferent from zero or significantly differ-
ent from any sorption that is occurring. Comparisons are
made on the first-order rate of removal, that s, the slope
of a linear regreeelon of the natural logarithm of the
concentration remaining against time of incubation for
both the living and control microcosm. These slopes
(removal rates) are compared to determine whether
they are dillerent and, il 0, the extent of the difference
that can be detected at a given level of confidence

The Tibbetts Road Case Study

- The Tibbetts Road Superfund site in Barrington, New
Hampshire, a former private home, was used to store
drums of various chemicals from 1944 to 1984. The
primary ground-water contaminants in the overburden
and bedrack aquifers ware TCE and henzana, with ra-
spective concentrations of 7,800 ug/L and 1,100 ug/L.

L]
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Figure 1. TCE concantrations In tho Tihbetts Road microcosm
study.

L] § ° " * ”® » = «@ “
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Flgure 3. Toluene concentrations In tha Tibbetts Road micro-
cosm study.

High concentrations of arsenic, chromium, nickel, and
lead were also found.

~

Material collected at the site was used to construct a
microcosm study evaluating the removal of benzane,
toluene, and TCE. This material was acquired from the
waste pile near the origin of Segment A (Figure 1), the
most contaminated source at the site. Microcosms were
incubated for 9 munths, The aquifer material was added
to 20-milliliter headspace vials; dosed with 1 milliliter of
spiking solution; capped with a Teflon-lined, gray butyl
rubber septa; and sealed with an aluminum crimp cap.
Controls were prepared by autoclaving the material
used to construct the microcosma ovemight. Initiel con-
contrations for banzene, toluane, and TCE wsre 380
ug/l., 450 ug/, and 330 pgl., respectively. The micro-
cosms were thoroughly mixed by vortexing, then stored
invertad in the dark at the amblent temperature of 10°C.,

The results (Figures 2 through 4 and Table 3) show that
significant blodegradation of both petrolsum aromatic
hydrocarbons and the chiorinated solvent had occurred.
Significant removal in the contre! microcosms also occurred
for all compounds. The data exhibited more variability

@ Banctad Meronsar
? - .m Contxi
\;
) 2
' e K » L ] a » » < L
T (Wvoka)
Figure 2. Berzena concentrations In the Thibetts Road micro-
cosm study. .

Flgure 4. Location of waste piles and flow path segmants at
the Tibbenis Road Supertund site,
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Table 3. Concentratlons of TCE, Ranrana, and Taluana In tha Tibbatte Road Microcasms

Time Zeto Time Zaco

Waak 21 Weok 42

Waek 23 Weak 43
Compound Microcosms Controls Microcosms Controls Microcosms Contrals
TCE 328 as7 1 180 2 363
261 394 12.5 16 2 845
308 367 8.48 999 2 423
Mean + slandara deviation Uy £ 340 b6 £ 285 7.32x 583 132z £ 424 2000 444 192/
Baenzene 366 306 201 . 206 a4 148
280 482 276 . 180 205 105
340 433 228 152 ne 139
Mean 1 standard doviation 325 L 44.1 430 £ 331 167 £ 130 189 + 42.8 14.4 & 6.20 130+ 219
Yoluene T 443 480 228 254 2 136
342 sS7 804 185 25 92
41t 502 13.9 1657 1G.6 116
Mean + standard daviation 3994+ 518 596 +488 184 + 147 139 + 499 703+828 114+£220

in the living microcosms than in the control treatment, &
pattam that has heen obrervad in othar microcoam
studies. The removals observed in the controls are prob-
ably due to sorption; however, this study exhibited more
sorption than typlically seen.

The rate constdnts determined from the microcosm
study for the three compounds are shownin Table 4, The
appropriate rate constant 10 be used in a modsl or a risk
acgessment would be tha first-order removal in the tiving
{reatment minus the first-order removal in the control, In

other words, the removal that is in excess of the removal
in the controls, :

The first-order ramoval in tha living and contral micro-
cosms was estimated as the linear regression of the
natura! logarithm of concentration remaining in each
microcosm in each treatment agatnst time of incubation,
Student'e t distribution with n - 2 degrees of froedom was
uged to estimate the 95 percent confidence intarval. The
standard amor of the difference of the rates of removat
In living and control microcosms was estimated as the

square root of the éum of the squarcs of the standard
arrors of the fiving and control microcosms, with n - 4
degrees of freedom (16).

Table 5 presents thé concentrations of corganic com- .

pounds and thair matahaolic praducts in monitoring wetls
usad to define line segments in the aquifer for estimation
of field-scale rate constants. Wells in this aquifer
showed litdle accumulation of trans-0CE, 1,1-DGE, vinyl
chloride, or sthena, although ramovals of TCE and ¢is-
DCE were extensive. This can be explained by the
observation that'iron-feducing bacteria can rapidly oxi-
dize vinyl chioride to carbon dioxide (4). Fitteranle iron
accumulated In ground water in this aquiter.

The extent of attenuation from well to well (Table 5) and
the travel time between wells in a segment (Figure 4)
were used to calculate first-order rate constants for each
sagment (Table 8). Travel time between monitoring walls
was calculated from site-specific estimates of hydraulic
conductivity and from the hydraulic gradient. In the area
sampled tor the microcosm study, the estimated Darcy

Table 4. Firat-Order Rate Canstants for Removal of TCE, Benzene, and Toluens In the Tibbetts Road Microcosms

Living Autoclaved Ramoval Above

Paramater ,* - Mlcrocosms Controls Controls

Firet-Order Rate of Remaval (per year)

TCE 831 2.62 3.69
95% confidence Interval £250 +0.50 % 2,31
Minimum rate ignificant at 95% confidence T8

Banzene 3.87 1.51 2,38
B8% confidence Interval £186 L 0.44 £1.89
Minimum rate significant at 95% confidence 0.53

Tolusne 5.49 1.86 363
95% confidence intervat +2.87 +0.45 £2.64
Minimum ate significant at 95% confidence 0.99

26
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Table 6. Cencentration of Contaminants and Matahalle Ryproducts in Monltaring Walis Along Segments In tha Plume Used To
Estimate Fleld-Scale Rate Constants

Parameter Segment A Segment B Segment C -
Monitoring well 80s ' 788 708 §2s 708 538
Upgradient gL Downgradient gl.  Upgradient oL Downgradlent g/l.  Upgradient g/l.  Downgradient gL
TCE 200 : 37 140] o7 - 710 31
cis-DCE 740 109 220 " 210 220 29
rans-DQE 0.41 <1 0.8 k] 0.8 <1
1, 1-DOE ' ©0.89 <1 <1 1.8 <1 <1
Vinyi Chlordde <1 <1 ‘<t <1 H <1 <1
. Cthene <4 <4 7 <4 . 7 <4
Benzene o10 25 - 433 420 - 493 <1
Toluene 10,000 L] 3,850 00 3,060 ~1
o-Xylone 1,400 ' 84 £40 71 £40 . o~
m-Xylene 2,600 <1 3s0 59 360 <1
pXylens 1,400 22 1,100 20 1,100 <t
Ethytbonzene 1,300 ‘07 760 310 780 <
Mathane 363 7 8 3 , g ' <2
Iron 27,000
Table 8. First-Grder Rate Gonstants in Segments of the flow was 2.0 feet per'year. With an estimated porosity in
Tihbetts Road Pluma

this padicular glacial till of 0.1, this comrasponds to a
Flaw Path Sagments in Length and Time of plu_me ve!ocny of 20 feet per year.

Gmund-Watef ‘n‘aval

Segment & SogmetB  Segmentc  Summary
Compound 6.4 v::tr; g.% f::;r: 2%1 J::ﬁ: Table 7 compares the first-order rate constants estimated
' from the microcosm studies with the rate constants esti-
Frs-Order Rats Constams 1 Segments (por yor)  mated at field scale. The agreement between the inde-
TCE 0.41 0.09 084 pendant estimates of rate la good, indicating that the rates
GiaDCE . 0.05 Produced 043 can appropriately be used in a risk assassmant. Tha rates
‘ 082 004 062 of biodegradation documented in the microcosm study
' : ® could easily account for the disappearance of TCE,
Toluene - 142 0.30 =083 trichioroethylene, benzene, and toluene cbserved at fleld
o-Xylene 079 0.0 »0.85 ecale. The rates estimated from the mioroocem etudy are
m-Xylane +1.00 0.45 ~0.60 several-fold higher than the rates estimated at field scale,
% 064 034 o0 which may raflecg an underestimation qf the true rate in
p¥ylara - ) >0 the field. The estimates of plume velocity assumed that

Ed\ylbmzfne 1.18 o.ee = 0.66

the aquiler was hoinogeneous, No attempt way rade in
this etudy to corract the astimata of plume valocity for

Table 7, Comparison of First-Order Rate Constants in a Microcosm Study and In the Fleid at the Tibbetts Road NPL Site

Microcosms Correoted {or Controls ' Flald Scale
Paramaetor
Minimum Rate Significant Sagment Sngont Sagmemt
Average Rate at 95% Contidance a 8 G
Firs+Urder Rato (per year)

Trichiorosthy'ane 3.69 1.38 0.44 0.59 © 054
Benzene 2.38 0.53 0.82 0.04 >0.62
Toluene - 3.63 0.5 »142 036 >0.83
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“the influence ol preterential fluw paths. Preferential flow

paths with a higher hydraulic conductivity than average
would result in a faster velocity of the plume, thus a lower
residence time and faster rate of removal at field scale.
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