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Bioremediation
H &H Eco Systems, Inc. utilizes the MICROENFRACTIONATOR
micronutrient solutions to treat contaminated soils.

™

in conjunction with custom blended

Solid State Chemical Oxidation (SSCO) ™
H&H Eco Systems,
Inc. utilizes
the
MICROENFRACTIONATOR™
with a strong
oxidizer to remediate contaminated soils.
Solid State Chemical Reduction
H&H Eco Systems,
Inc. utilizes
the
MICROENFRACTIONATOR™
with a chemical
reducing agent and catalyst(s) to remediate
contaminated soils.
Stabilization/Fixation
H&H Eco Systems,
Inc. utilizes
the
superior
mixing
capabilities
of the
M ICROENFRACTIONATOR
™
to
blend
stabilization/fixation
amendments,
e.g.
portland cement, into contaminated soils.
Contaminants
H&H Eco Systems, Inc. technology has successfully treated soils contaminated with creosote, PCP
PAH's, coal tar, chlorinated pesticides and solvents, nitrated aromatic compounds (TNT and RDX),
and heavy metals.
Mini-MlcROENFRACTIONATOR
™
H&H Eco Systems, Inc. utilizes a 1/6 scale working model of the MICROENFRACTIONATOR ™ to conduct
in-house, bench scale feasibility studies. Working at a smaller
scale allows H&H scientists to experiment with smaller
quantities of soil while maintaining a strong correlation between
lab and field results.
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H&H Eco Systems, Inc.
Strives to abate
J
anthropogenic contamination
of the global environment
. ./ through the development
and implementation of innovative
soil remediation technologies.
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HOME Of THE

MICROENFRACTIONATOR™

P.O.Box 38 - 505 Evergreen Drive
N. Bonneville, WA., U.S.A., 98639-0038
509-427-7353, Fax: 509-427-3627
E-mail: hheco@gorge.net
www.gorge.net\business\hheco
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is the most widely used remediation data management

al
Available in MS Access
and SQLlServer, and
Oracle
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system in the world. One big reason is our 'Encapsulated GIS'. We use
ArcView GIS as a user interlace to take your data, many times in one
keystroke, to state of the art, industry standard software like GMS,
gINT, Surfer, EVS, RockWorks 99, CARStat, DUMPS tat, and others.
Our data warehouse allows for a single data entry event, and then
infinite ways to look at the data. After all, how many of your data only
want to go to one place? Our L&b
Checker has already been
purchased by most top US labs. All you have to do is ask for it. Then,
cradle to grave electronic data mana~~ent
is finally at your finge11:ips,
on your desktop. What good is data usability without data quality?
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DUMPStat and Compliance, Assessment
Remediation Statistics (CARStat)
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EQuIS Geology is a terrific database
for subsurface data and the links with
GMS are superb. I recommend it to all
serious GMS users."
Dr. Norm Jones, BYU
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"EQuIS Turns
Data into
Information!"
Arnold Gray

www.earthsoft.com
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A

pril May 2000 is our second
installment of state by state
standards. This issue features
groundwater standards. (Soil standards
were in December January.) We want to
thank our Stategic Partner, the
Association for the Environmental
Health of Soils (AEHS), for preparing
this information again this year.

Do a Geoprobe®
Double-take.

In this issue we also offer your first
opportunity to be included in our 2000
Buyers Guide. This guide will be mailed
as our August September issue. To be
included, fill out the form beginning on
page 55 and return it to us right away.
Your listing in this guide is absolutely
free.
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ROCA

Risk
Assessment
Software

TOOL KIT

fOR CHEMICRl RELERlEl

GROUNDWATER SERVICES INC.'s

RBCA Tool Kit for Chemical

Releases expands on our popular Tier 2 RBCA Spreadsheet
System and meets the requirements
Guide for Risk Based Corrective

RBCA Tool Kit for Chemical Releases pays for itself on
the first project with its new time-saving features.

Compare the powerful features of our truck or

• Comprehensive

track-mounted Advance 66 series machines with the

surface or ground

1-800-GEOPROBE
www.geoprobesystems.com

Geoprobe"Systems

water:

graphical user interface.

~
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Call us today for details!

Modeling

calculates risk and exposure

tried-and-true 5400 series machines. Then choose the
Geoprobeo system that best suits your site investigation needs.

of the ASTM Standard

Action.
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and Risk Assessment

tool that

for all chemicals in soil, air
New streamlined
Report-quality

Everyone knows that #6 oil
spills are downright nasty.
Restoring a site typically
involves digging out the muck
and disposing of it: an expen,
sive, time consuming and
interruptive process.
America's leading refineries are
cleaning up #6 oil spills with
INIPOL EAP,22 accelerator,
a cost effective bioremediation
technology for restoring hydro,
carbon polluted sites. There's
no digging, steaming, disposal
or work interruption. Applied
with a conventional sprayer,
INIPOL EAP,22 typically does
the job in a single application.
INIPOL EAP,22 accelerator
is erasing hydrocarbon spills
in railroad yards and inland
waterways across North
America.
To find out more, contact
Jim Lynn, Environmental
Services Manager,

1..877 ..INIPOL1.
e.mail: jlynn@ato.com
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Multilevels Save Money
Butane Biostimulation
Technologies ™
Low Cost, Innovative,
Patented & Field Tested
In-situ Bioremediation
Technologies
Chlorinated Solvents
Methyl tertiary butyl ether

Continuous

BTEX

~

Inexpensive multilevel monitoring system

~

Up to 7-zone monitoring in a single tube

~

Simple, customized system, quickly installed

The NEW eMf Multilevel System" provides
the simplicity and low cost of a bundle-type
installation, with the benefit of backfilling or
sealing around a single tube.

PCBs/ Pesticides
PAHs
Heavier Petroleum
Constituents

The flexible system uses 1.7" 0.0. continuous polyethylene
multichannel tubing which is customized on site with screened
intervals and packers, based on the borehole log. The system
can be installed in overburden and rock boreholes.

Global BioSciences, Inc.,
Tel (781) 762-0590
Web Address:

www.biobutane.com
email: felix@biobutane.com

Multichannel Tubing

Ideal for MTBE investigations! The CMT Multilevelallows the collectin of water quality samples
and provides 3D water leveldata at an affordable price. Detailed transect monitoring of plumes allows
zones of high concentrations to be identifiedquicklyand simply, and at less cost. "Patent pending
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High Quality Groundwater
®

Monitoring Instrumentation

Solinst Canada Ltd .• 35 Todd Road. Georgetown.

ON L7G 4R8

Tel, (905}873-2255;

(800}516-9081

(800}661-2023

Visit our web site: www.solinst.com

Fax, (905}873-1992;

E-mail: instruments@solinst.com
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PILING
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rapid, clean installation
minimal chemical diffusion
excellent quality assurance/control
long service life

WATERLOO BARRIER INC.
p.o.

Box 385, Rockwood,
Tel: (519) 856-1352

Ontario, Canada NOB 2KO
Fax: (519) 856-2503
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By M.J. Beck, J.M. Boggs,
M.F. Broder, and H.E. Julian
nderstanding the
disposition of buried
wastes such as CNS
tear gas and
determining
appropriate remedial strategies can
be a complicated matter. CNS tear
gas is a mixture of 24% phenacyl
chloride, 38% chloropicrin, and 38%
chloroform in a liquid phase. The
Tennessee Valley Authority (TVA)
used a variety of tools, techniques,
and assessment strategies to
evaluate the fate and transport of
CNS tear gas from a facility that
had been used to dispose of a large
quantity of the tear gas shortly after
World War II.
The facility was one of three
facilities that produced and stored
CNS tear gas during World War II.
Following World War II, some 300
to 1,700drums of CNS tear gas
were buried at the site as a means
of disposal. Test pits in the burial
area confirm that drums have
rusted and deteriorated. There is
evidence from groundwater
beneath the site and in springs on
adjoining property that the drums
have leaked.

U

M.J. Beck, J.M. Boggs, M.F. Broder,
and H.E. Julian are with the
Tennessee Valley Authority, Energy
Research and Technology
Applications, Muscle Shoals, Ala.

There is little information
available describing the fate and
transport of CNS tear gas in soil
and groundwater. Information
from previous investigations
conducted by environmental
consultants was invaluable for
TVA's studies. Additionally, TVA
conducted field and laboratory
investigations to predict the fate
and transport of CNS tear gas in
groundwater and to provide
alternatives for remediating the
site.

Reviewing the Situation
Previous investigations concluded
that the drum burial site occupies
an area of about 100by 650 feet and
is sandwiched between 1.0to 18 ft
of clay overburden and underlying
fractured sandstone and shale
bedrock. The previous
investigations found CNS tear gas
contamination of groundwater
downgradient (west-southwest) of
the burial site and confined to the
uppermost water-bearing stratum.
Groundwater discharges along
bedrock outcrop pings at seeps.
Chloroform is the only CNS tear
gas constituent that has been
detected in surface water and is the
predominant CNS component
detected in site monitoring wells.
There are no known domestic
water supplies that have been
affected by contaminated

groundwater from the facility.
Since the CNS components are
dense non-aqueous phase liquids
(DNAPLS), they tend to move
downward relative to water. For
this reason, there has been little
characterization of the CNS tear gas
contaminant plume directly
beneath the drum burial site. On
the other hand, the three CNS
constituents are present in soil in
proportions similar to the original
tear gas mixture.
Previous investigations also
revealed that some natural
attenuation of CNS compounds is
taking place. High concentrations
of dichloromethane (a degradation
product of reductive dechlorination
of chloroform) have been detected
in groundwater about 500 feet
downgradient of the site. Phosgene,
the oxidative product of chloroform
and chloropicrin, and degradation
products of phenacyl chloride have
also been detected in groundwater.
The pH of soil in the drum burial
area is lower than that of the
surrounding soil due to natural
dechlorination processes that have
produced hydrochloric acid. This
dechlorination has also resulted in
elevated chloride levels in some
wells. This strong evidence of
natural attenuation was an
important consideration in
selecting remedial strategies.

Assessment, from page 9

Evaluation of Direct
Intervention
Models were applied to predict
the behavior of tear gas
components at the site using their
physiochemical characteristics and
the hydraulic properties of the
geologic media underlying the site.
A variety of constants, coefficients,
and rates characterizing the tear gas
components were needed. Some of
these were obtained from
published literature. To describe
the activity of the components in
site soil and groundwater, some
were determined experimentally.
The behavior of each component
was considered separately. The
three components are expected to
segregate in soil and water due to
such characteristics as differing
water solubilities, degradation
rates, vapor pressures, and sorption
properties.
The electromagnetic (EM)
borehole flowmeter, developed by
TVA, was used to characterize the
spatial distribution of hydraulic
conductivity in the underlying soil
and bedrock. The flowmeter test is
similar to a conventional aquifer
test except that measurements of
flow entering or exiting the well are
made at discrete intervals while the
well is pumped or injected at a
constant rate. The hydraulic
conductivity of each measurement
interval (and corresponding layer
of the aquifer) is proportional to the
measured flow.
By performing flowmeter tests in a
network of wells at a particular site,
one can develop a three demensional representation of the
hydraulic conductivity distribution.
The flowmeter method is
articularly useful for characterizing
complex fractured bedrock aqUifers
such as that at the tear gas burial
site.
Vertical flow logs can be used to
readily identify hydraulically active
fractures. The EM flowmeter is also
capable of measuring the natural
(ambient) vertical flow often

Experimentally determined
present in wells or boreholes.
Knowledge of ambient flow allows
adsorption and first-order
one to infer the direction of the
degradation rates for chloroform in
vertical component of the hydraulic
site soil and hydrogeologic data
gradient in the vicinity of the test
from EM borehole flowmeter tests
well.
were used in a finite element
Seven monitoring wells installed
computer model of two restoration
at the site during previous
scenarios. These were (1) a noinvestigations were logged using
action scenario in which natural
the EM flowmeter. Flow rates as
restoration of the site occurs
. without disturbing the soil
low as 20 ml/min were measured
overburden, and (2) a soil
during constant rate pumping at
approximately one-foot vertical
remediation scenario with complete
intervals. The seven wells
removal of all soil contamination by
the year 2000 followed by natural
penetrated the lowest few feet of
the overburden and the upper 10 to restoration of the bedrock aquifer.
20 feet of the fractured sandstone
For the model source term, drum
and shale bedrock. An eighth well,
failure was assumed to follow a
installed by TVA to a depth of 90
normal distribution following
feet, was also logged during field
drum burial in 1948.An
testing. Overall, 165 discrete
exploratory trench investigation in
hydraulic conductivity (K)
1985determined that 90% of drums
measurements were obtained
had failed by that date. A 1995
during flowmeter logging.
investigation found no intact
Results indicate that a few thin
drums. The model was based on
preferential flow zones dominate
failure of 1,700 drums, the
shallow groundwater movement.
maximum quantity. The CNS tear
For the most part, these features are gas is assumed to have formed
believed to be hydraulically active
shallow residual pools as the
bedrock fractures. As DNAPLS,
drums failed.
Six fracture models were
CNS tear gas components can be
particularly problematic in aquifers
examined. Results suggest that
dominated by fractured flow.
long-term natural restoration was
Rapid contaminant movement may
only slightly sensitive to fracture
occur through a complex network
distribution, but highly sensitive to
of fractures in the formation and is
chloroform degradation rate.
accompanied by diffusion of
Degradation half lives of 0, 277, and
contaminants into the adjacent rock
1,800days were simulated.
matrix.
Simulations using TVA's estimated
No groundwater circulation was
chloroform mineralization half-life
detected in the bedrock matrix.
of 277 days provided the best
Thus, fractured porous media type
agreement with observed
flow and transport models best
downgradient seep samples.
represent the bedrock aquifer based Simulations using a degradation
on the EM borehole flowmeter
half-life of 1,800 days yielded seep
results.
concentrations well above those
A numerical modeling analysis
observed.
was performed to determine what
All simulations indicated that the
effect remediation of the
highest predicted chloroform levels
overburden soil would have on
have already been observed at the
reducing the time required for
site, and improving conditions can
natural restoration of the
be expected in the future. The most
underlying bedrock aquifer
significant finding was that
contamination. Chloroform was
remediating the overburden soil
selected for groundwater transport
has essentially no impact on the
predictions due to its persistence
aquifer restoration time. With or
and mobility relative to other CNS
without remediation of overburden
components.
soil, the time required for bedrock

because of the acidic nature of the
restoration is virtually the same. It
soil. The recommended base,
is feasible to remove the
ammonium hydroxide, may
overburden chloroform mass by
year 2000by active remediation.
support hydrolysis of chloropicrin
However, the mass storage curves
and phenacyl chloride in addition
to
stimulating the growth of
with and without overburden
nitrifying
bacteria for degradation
chloroform removal converge by
of
chloroform.
Simulations of
year 2200.With degradation
activity, predictions are that the
several injection and recovery
system scenarios were performed
chloroform mass will have been
degraded by the year 2050with
to optimize delivery of additives
for in situ remediation of the soil
concentrations at the discharge
boundary falling below the
overburden.
maximum containment level of 10-4
Three feasible methods of
delivery of additives include
g/l by the year 2010.
injection trenches, shallow
injection wells, and infiltration
Addressing Soil
galleries. Modeling showed that an
Contamination
infiltration gallery is superior to
The complex hydrogeologic
the other two options because of
the low permeability of the soil. In
properties of the site make it a
comparison to the other methods,
poor candidate for application of
an infiltration gallery will allow
active soil remediation
higher influx rates and provide
technologies. In addition, most of
better distribution of additives in
the tear gas is has been released
soil. The model indicates that 1.3
from the drums and has likely
pore volumes per year of
infiltrated into the underlying
groundwater will be displaced
fractured bedrock. Groundwater
through the soil overburden. This
modeling indicated that
is an order of magnitude greater
destruction of soil-borne CNS tear
than alternatives relying on
gas in the drum disposal area
vertical wells or trench systems.
would have little impact on the
Three recovery systems were also
time required for aquifer
modeled. These included
restoration.
extraction trenches, vertical wells,
However, a variety of in situ soil
and horizontal wells oriented
remediation options are possible
perpendicular to groundwater
for the overburden. Ex situ
flow. The latter will allow 80% of
technologies were rejected because
the additive introduced in the
of high cost and health risks
infiltration gallery to belecovered
associated with exposure to tear
by
a horizontal extraction well
gas components.
system. This is higher recovery
than alternatives involving
Two options that are promising
trenches or vertical wells. The
for the soil overburden are
enhanced chemical and biological
combination of the infiltration
degradation and thermally
gallery for addition and the
enhanced solvent vapor extraction. horizontal extraction well system
Chemical and biological
for recovery has the most
degradation includes addition of a
favorable hydraulic efficiency and
minimizes offsite contamination.
carbon source and a base to speed
Thermally enhanced solvent
the rate of chemical and biological
vapor extraction is another option
degradation of CNS tear gas
components in the soil. Methanol
for treating the soil overburden in
situ. The method requires
is recommended as a carbon
addition of a chemical base and
source to foster growth of
methylotrophs to degrade
hot air by means of a large
diameter vertical auger. Capture
chloroform.
Addition of a base is needed
and disposal of residual volatilized

contaminants are necessary parts
of the application.
Other aggressive means of
chemical oxidation and reduction
were rejected because they may
sterilize the soil and decrease
microbial degradation. The soil has
a relatively small microbial
population probably due to the
low soil pH. Consequently,
aggressive oxidation and reduction
in the overburden may prolong
natural attenuation of contaminant
residuals.

Addressing
Groundwater
Contamination
Several methods were examined
for groundwater remediation to
prevent further contaminant
migration offsite. Options that
include capping and placement of
barrier walls were rejected because
of the fractured nature of the
bedrock beneath the site and its
high hydraulic conductivity.
Options making use of
solidification or vitrification were
ruled out because of the volatile
nature of chloroform.
In addition, the tear gas
components are likely embedded
in the fractured bedrock internal
pore space and not available in
groundwater. This eliminates a
number of treatment methods that
are effective only if the CNS tear
gas components are solubilized.
The most favorable alternatives
for dealing with groundwater in
the site area include monitored
natural attenuation or plume
containment by groundwater
extraction. Monitored natural
attenuation deserves consideration
because potential risks of
migration offsite may be prevented
by degradation and sorption.
Risk associated with offsite
migration can be assessed by
monitoring the amount of
chloroform, other CNS tear gas
components, and degradation
products that are reaching the
Continues on page 12 ~

surface seeps. As reported, only
chloroform is presently observed
at these seeps. If chloroform levels
found in seeps agree with the
concentrations predicted by the
finite element model, then it might
be concluded that chloroform will
not be a problem for area water
resources.
Plume containment is the only

KUWAIT CRUDE Oil

LEADED GASOLINE
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other practical alternative for
groundwater cleanup. The
complex hydrogeology of the site
makes it unsuitable for traditional
pump and treat technologies.
Plume containment involving the
placement of extraction wells near
the points of discharge will require
a thorough delineation of the
plume.
A low cost alternative for
handling off-gas may also be

What is it,
and where did
it come from?
Someday you may be asked to
clean up someone else's spill.
Often, in the mad rush to satisfy
state or federal regulators, characterization and identification analyses are
overlooked. After the regulators are
gone, questions come up like: "Was
it all ours?" or "Just how old was it?".
It is usually too late to ask these questions because all of the evidence needed
(oil sheens, contaminated soils) has
been removed.
Friedman & Bruya, Inc. are experts
in the identification and fingerprinting of
petroleum products. There are simple,
inexpensive tests that can be run to
provide information that can be used
next year or the year after to figure
just what was present and where it
came from.
Call 1 - (800) 487-8231
for more information.

FRIEDMAN &BRUYA, INC.
Petroleum Product Identifications
Expert Witnesses • Soil and Water Testing
Write in 415
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needed to minimize operating and
maintenance costs since the system
must be operated for a few
decades. The fact that aquifer
modeling indicates it may take
about 50 years of degradation and
groundwater movement to remove
existing chloroform makes
monitored natural attenuation the
more attractive alternative.

Conclusion
There are no case histories of
CNS tear gas remediation in the
field from which to make
recommendations of a course of
action. The body of information
gathered to date and summarized
herein makes a good case for
monitored natural attenuation at
the site. The CNS tear gas
components pose little risk to the
environment and human exposure
can be controlled.
The low concentrations of
chloroform and its volatility mean
it is unlikely to persist in surface
waters. Chloropicrin and phenacyl
chloride have not been detected in
seeps. The tear gas components are
likely embedded in the bedrock
internal pore space. Transfer of the
components to the water phase
will be a slow process with
computer simulations predicting
200 years for flushing of
chloroform in the case where
biodegradation is not ongoing.
The assumption of active
degradation decreases the time
frame for removal of chloroform to
50 years. The implications of
groundwater flow and transport
modeling indicate that monitored
natural attenuation is a realistic
alternative to active remediation of
the site. However, full support of
monitored natural attenuation will
require further investigations to
confirm the more conjectural
aspects of this study.
The project reported here was
funded by Congress through the
u.s. Army Environmental Center
in Aberdeen, Md. I
write 550

The Accelerated Site Technology
Deployment Program:
The Segmented Gate System
The Department of Energy (DOE) is working to
accelerate the acceptance and application of innovative
technologies that improve the way the nation manages
its environmental remediation problems. The DOE
Office of Science and Technology established the
Accelerated Site Technology Deployment Program
(ASTD) to help accelerate the acceptance and
implementation of new and innovative soil and
groundwater remediation technologies. Coordinated by
the DOE's Idaho Office, the ASTD Program reduces
many of the classic barriers to the deployment of new
technologies by involving government, industry, and
regulatory agencies in the assessment, implementation,
and validation of innovative technologies.
Funding is provided through the ASTD Program to
assist participating site managers in implementing
innovative technologies. The program provides technical
assistance to the participating DOE sites by coordinating
DOE, industry, and regulatory participation in each
project; providing funds for optimizing full-scale
operating parameters; coordinating technology
performance monitoring; and by developing cost and
performance reports on the technology applications.

Background
In 1995, the DOE's Innovative Treatment Remediation
Demonstration (ITRD) Program initiated the "Ohio
Heavy Metals in Soils Project", to investigate the use of
innovative technologies for the remediation of
contaminated soils. Preliminary technology assessments
indicated that processing radionuclide contaminated
soils through physical separation using advanced
sensors was cost-effective and could significantly reduce
the volume of soil requiring either further treatment or
off-site disposal.
The ITRD program sponsored a study using the
Segmented Gate System (SGS) for separating uranium
and plutonium contaminated soil from clean soil. Based
on these results, Sandia National Laboratories'
Ray Patteson is with Sandia National Laboratories,
Albuquerque. Sandia is a multiprogram laboratory
operated by Sandia Corporation, a Lockheed Martin
Company, for the U.S. Department of Energy under
Contract DE-AC04-94AL8500.

Figure 1. ThermoRetec's
in operation.

segmented gate system

Environmental Restoration Project and the ITRD
Program sponsored a soil remediation effort at Sandia's
Technical Area II in August and September 1997 using
the SGS. The system was used to cost effectively separate
clean and contaminated soil for four different
radionuclides: plutonium, uranium, thorium, and
cesium. Based on those results, the DOE's Ohio Field
Office submitted an ASTD proposal to use the SGS at
seven other DOE sites across the country.

Segmented Gate System Description
The ThermoRetec (formally Thermo NUtech)
Segmented Gate System (SGS), Figure 1, is a combination
of conveyor systems, radiation detectors, and computer
controls that remove contaminated soil from a moving
feed supply on a conveyor belt. Contaminated or
suspect soil is loaded into a screening plant with a frontend loader. The soil entering the screening plant is
extracted by the screen conveyor belt that deposits the
extracted soil on a soil sorting conveyor belt.
When the soil is discharged from the screen feed
conveyor onto the sorting conveyor, the soil is spread
evenly across the sorter belt by a screed (leveling gate)
that is attached to the bottom of the charge bin. The soil
passes under two arrays of sodium-iodide (NaI)
detectors that measure the gamma-ray emitting
radionuclides in the soil. The control computer that also
controls the gates at the end of the sorter belt processes
signals from the detectors. The contaminated soil is
diverted to the contaminated soil conveyor belt by the
segmented gates. This belt subsequently discharges the
contaminated soil to a container or stockpile for further
processing or final disposition.

Radiation Detectors

Mechanical System Description
Thermo NUtech's SGS is a mobile, radiological soil
assay system with motorized conveyor belts, a variable
belt speed motor controller, air actuated segmented
gates, a radionuclide assay computer system, and two
sets of radiation detector systems. The SGS unit includes
a material feed conveyor, a sorting conveyor coupled to
a sophisticated motor control unit to assure constant belt
speed, a contaminated material conveyor, and a below
criteria material conveyor. Two detector arrays can be
deployed across the flat 81.3-cm (32-in.) wide assay
conveyor

Process Description
Contaminated soil is excavated with heavy equipment,
such as a grader and end-loader, and relocated to the
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feed point of the SGS processing plant. Feed soil is
screened by the SGS mobile screen/hammermill plant to
remove all oversized material. The remaining soil is
deposited in the feed surge bin using the conveyor built
into the screen/hammermill plant. The surge bin
deposits soil on the SGS conveyor belt using a screed to
control the thickness and width of the soil layer. The SGS
screed is adjusted to spread the material across the
conveyor belt to a depth appropriate for the
radioisotope(s) of interest and the soil characteristics.
Process material is conveyed at a preselected speed
underneath the detector arrays. These arrays are linked
to a control computer, which toggles pneumatic
diversion gates located at the end of the sorting
conveyor. Contaminated material that exceeds the
criteria for radioactive materials is diverted to the
contaminated material conveyor, where it is transferred
to a stacking conveyor. The below criteria material falls
directly onto the below criteria conveyor which
transports it to the other stacking conveyor, Figure 2.

Two sets of radiation detector arrays are housed in
shielded enclosures that can be adjusted vertically above
the flat assay conveyor belt allowing for various soil
thicknesses. The detector arrays have a shadow shield
below the conveyor belt that is constructed of steel plate
lined with 5 cm (2 in.) thick lead brick to reduce the
intensity of the background radiation immediately below
the detectors. The detector arrays can be operated
simultaneously and are arranged in two rows of eight
detectors that span'the entire width of the belt.
The SGS was originally designed for the detection of
gamma-ray emitting radionuclides using NaI detectors;
however, minor software and hardware changes can be
implemented for deployment of other detector types to
allow for the detection of some beta-emitting
radionuclides. Gas proportional detectors for the
measurement of beta particles, compatible with the same
interface electronics and control computer system as the
NaI detectors, have also been deployed with the SGS.
The detector housing has thick aluminum sides and a
thin aluminum bottom, designed to shield the detectors
from background radiation events and low energy beta
particles emitted by 137CS
and other man-made
radionuclides. While the gas proportional detectors have
some gamma sensitivity, the efficiency is very low for
the 137CS
gamma emissions and the shielding provided
by the NaI detector enclosure and the shadow shield
effectively reduce the ambient gamma background.
The shield assemblies are provided with penetrations
for an air supply and an exit opening for coaxial cables
that connect the detectors to the electronics housing. An
environmental control unit maintains a constant
temperature by recirculating the air supply through the
shield assemblies and heating or cooling it as necessary.

System Electronics
The electronics housing contains the detector
interfacing and signal processing electronics for
operation of the detectors and segmented gates. The
housing is provided with penetrations and connection
points for temperature control, conditioned 115 volt AC
power, signal cables for the detector arrays, computer
communications, and communication port for a laptop
computer, The electronics housing also includes the
control computer and the modular detector board (MOB)
cards and cages.
The control computer provides the required data
processing and communication interfacing to the
detectors through the MOBs. The MOBs are high
performance detector interface boards that provide
detector high voltage, amplifier and signal processing
circuitry, and a single channel analyzer. The MOBs
mount in MOB card cages. DC power supplies are
provided for +5 V and +12 V for the control computer
and MOBs.
The segmented gates, Figure 3, have magnetically

The control computer interfaces with a remote
computer located in an adjacent control van. The remote
computer has a local display and keyboard and stores
proprietary software on its internal hard drive. The
remote computer monitors soil processing based on
operating parameters supplied by the operator.
When the SGS is operating, the remote computer stores
in memory the chronological time of each diversion to
the contaminated path, the amount of radioactivity
diverted, amount not diverted, and the amount of soil
processed. The operating display on the remote
computer shows real-time status of the conveyor
monitor system and will shut down all conveyor feed
belts when abnormal conditions are detected or on
operator command.

System Algorithm
activated limit switches that provide electrical signals
when the gates are fully extended or retracted. The
control computer monitors the position of each
segmented gate during soil processing operations. A
safeguard alarm will activate if a gate is not in the
required position for any reason. This alarm will
automatically stop the processing conveyor belts and the
system must be reset manually after the cause for alarm
has been corrected.

The primary function of the control computer is to
count the soil increment under the detector and make
hot particle and distributed activity determinations using
appropriate mathematical algorithms. Count rate
determinations are made directly by the control
computer via its on-board counters. Data processing,
including hot particle and distributed activity
determinations, are made by the control computer.
Continues on page 16 ~
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The control computer analyzes the detector data using
several proprietary algorithms and the results are used
to control the divert commands to the segmented gates.
The control computer then tracks contaminated material
on the assay conveyor belt and determines when each
increment of soil will reach the segmented gates. The
computer signals the appropriate gate(s) to activate,
catch, and route contaminated material to the proper
path.
Counting is performed via a time-slice method. Timeslice integration for distributed counts occurs every two
seconds. The integrated gross counts are divided by two
seconds and the background is subtracted to give the net
count rate. Combined, distributed net count rates from
the detectors are used to make a distributed
contamination determination over a number of soil
increments in a grid array.
In cases of high count rates that qualify as hot particles,
the soil increments are marked for diversion. These
marked elements are not included in the distributed
contamination calculation since they are diverted
regardless of the status of the rest of the material on the
belt.

Segmented Gate Control· Hot Particle Activity
The control computer totals the net counts for each
detector in the array during each count time slice, and
tracks the results on an 8 by 10 segment matrix. This
matrix is 8 detectors wide x 20 seconds long (lO-two
second segments). The microprocessor distinguishes the
higher activity segments and diverts them until the
activity drops below the threshold activity level.
If the net activity in the array exceeds a predetermined
threshold count for total dispersed activity per total
mass, the control computer sends a signal to the
appropriate segmented gate(s) to divert selected highactivity increments of soil from the array. The gate(s)
remain extended until the activity in the units of the
array no longer exceed the threshold activity level, at
which time the gate(s) are retracted by signal from the
microprocessor.
If enough segments are diverted such that the
measurement of the remaining activity is no longer
statistically distinguishable from the background levels
in the soil, and the average activity still exceeds the
criteria, the remainder of the soil is diverted. This
ensures that soil with activity marginally above the
criteria is routed to the hot pile.

Segmented Gate Control· Distributed Activity
All diversions, including hot particle diversions, will
divert two or four seconds worth of soil. The
microprocessor obtains a net count from each detector at
the end of every time-slice and sends it to the control
computer. The control computer analyzes the shape of
the activity peak generated by the signal to determine if

the count threshold level is exceeded.
If the count threshold was exceeded, the con
computer determines the specific time the ine
reach the segmented gates and sends a messa,
actuate the appropriate gate(s). A return signc
the computer to confirm that switch closure 0<
If succeeding increments exceed the count thJ
the selected gates continue to divert soil towar
contaminated pathway until all above criteria I
are diverted. After the last contaminated elemE
been diverted, the' control computer stops the s
the gate(s), and they return to their original pos

Data Storage
The control computer records the date, time, a<
amount, gates used, and mass of each contamin.
diversion. The SGS software calculates the mass
below criteria material processed and volume of
contaminated material diverted. The calculation
on a value for material density entered by the op
and material thickness on the assay belt at a spec
width and speed.
This information is stored on the internal hard d
the control computer for data archiving and repOl
generation. The data is also backed up daily on
removable storage media. Upon command, the co
room computer can generate production reports.

Segmented Gate System· Technology Advanti
The system physically surveys the entire volume,
processed and typically reduces the volume of soil
requiring treatment or disposal by 50% to 90%. The
limited primarily to gamma emitting radionuclides.
system can be modified to detect beta emitting
radionuclides. Through processing, no chemicals or
other additives are used. Dry decontamination has
repeatedly been proven effective for free release of tI
system from the sites so the generation of secondary
waste is generally limited to personnel protective
equipment.

Segmented Gate System· Technology Limitatiol
Employing two detector arrays limits the ability of tI
system to analyze for a maximum of two radionuclidl
at a time with different gamma energies. The soil carn
be properly sorted for unknown radionuclides so prio
knowledge of the primary radioactive contaminate is
required. Material greater than a nominal 1.5 inches in
diameter inches, for a typical2-inch soil thickness on t1
belt, cannot be processed without pre-crushing. The
radioactive contaminate must be heterogeneously
distributed within the suspect soil.
Cost and Performance Reports are available for each
ASTD funded deployment of the SGS. Contact Ray
Patteson, Sandia National Laboratories, at 505-844-1904
or e-mail rpattes@sandia.gov. I
write in 551
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Bay Area Partnership
Oversees Promising
Demonstration of
Facultative Bioremediation
By Jeffery C. Heath, Dennis How,
and Kenneth Spielman
avalFuel Depot (NFD) Point Molate,
located in the San Francisco Bay area, is
currently hosting a demonstration of an
enhanced ex-situ bioremediation process
for breaking down heavy petroleum
hydrocarbons in soils. Industrial Ecosystems, Ine. (lEI) of
Farmington, N.M. is performing the demonstration
project in cooperation with the Bay Area Defense
Conversion Action Team's Environmental Technology
Partnership (BADCAT ETP).
By using a proprietary mixture of microbes, nutrients,
and additives along with periodic soil mixing, lEI's
unique facultative process is well on its way to reaching
contaminant cleanup goals in record time. Before we
discuss this innovative technology, we would like to give
you some background on BADCAT ETP.
BADCAT ETP is a public/private partnership of the
Bay Area Regional Technology Alliance, Bay Area
Economic Forum, California Environmental Protection.
Agency (EPA), San Francisco State University's Center
for Public Environmental Oversight, the EPA, U.S. Navy,
Chevron, and other experts and professional
organizations working together to expedite the
environmental cleanup and conversion of closing
military bases in the San Francisco Bay area, through the
application of innovative environmental technologies.
Conceived in 1995, BADCAT ETP selects vendors to
demonstrate technologies that address environmental
sites, needs, and issues as identified and prioritized by
the Department of Defense (000). Selected vendors
fund the demonstrations while BADCAT ETP observes
and evaluates the implementation and results of the
project. BADCAT ETP also identifies the demonstration
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Jeffery C. Heath, PE, MBA and Dennis How, PE are with
the Naval Facilities Engineering Command in Port
Hueneme, Calif. Kenneth Spielman is with the Naval
Facilities Engineering Command in San Bruno, Calif.

Hydrocarbon contaminated
treatment cell.

soil being placed into

a

sites, assists with regulatory permitting, and provides a
peer review of the work plans; quality assurance plans;
and cost and performance reports authored by the
vendor.

The goals of BAD CAT ETP include:
• Promoting acceptance and implementation of new
technologies
• Addressing barriers and gaps in environmental
technology development and commercialization
• Expediting the cleanup, transfer, and economic
conversion of former military properties
• Stimulating growth in the region's environmental
technology industries
One of BADCAT ETP's selected innovative
technolOgies is lEI's Facultative Bioremediation Process,
which was implemented at NFD Pt. Molate in June 1999.
Located on the eastern shore of San Francisco Bay, NFD
Pt. Molate has a site with soils that are heavily
contaminated with diesel fuel and heavy fuel oil, such as
Bunker-C. Total petroleum hydrocarbon (TPH)
concentrations were over 45,000 parts per million (ppm).
Unlike gasoline constituents, diesel and heavy fuel oil
are not very volatile and contain relatively low levels of
benzene, toluene, ethylbenzene, and xylene compounds.
The longer hydrocarbon chains found in diesel and
heavy fuel oil are recalcitrant to typical biodegradation
processes, which results in greater remediation times.
lEI's proprietary process uses facultative bacteria to
accelerate the natural breakdown of hydrocarbon
contaminants to the harmless end products of carbon
dioxide, water, and non-hazardous cell material. Unlike
most bioremediation technologies, lEI's unique
facultative process is engineered to work with and
without oxygen.
Previous lEI's demonstrations proved that the process
could achieve clean up rates three to five times faster
than traditional bioremediation approaches. In addition,
the treatment process appeared capable of remediating a
wide range of petroleum compounds with relatively

Model 200 GeoFlo®
E 50,000
0-

S

'-d
'"

-""c
OJ

lD

"0
c

o

~
C
~
c
o
v

• Treated
.•••Control

06/99

07/99

08/99

09/99

10/99

11/99

12/99

01/00

Time (month I year)

Figure 1. Degradation of Bunker-C.

simple and cost-effective on-site treatment operations.
A project cleanup goal of reducing TPH concentrations
to less than 1,000 ppm and returning the cleaned soil to
the original excavation pit was established. In June 1999,
40 cubic yards of contaminated soil were placed into an
on-site treatment cell constructed of hay bales and plastic
sheeting. The cell measured approximately 30 feet by 15
feet.
After the proprietary mixture of microbes, nutrients,
and additives were placed in the soil, the treatment cells
were mixed with a backhoe on a monthly basis. In
addition to monitoring the soil's TPH contaminant
concentrations, other parameters including soil acidity,
salinity, moisture, temperature, and particle size
distribution are analyzed for process control each month.
The degradation progress of Bunker-C fuel oil in the
treatment cells versus the control soil is shown in Figure
1. With January 2000 TPH levels at 5,900 ppm, it is likely
that the cleanup goal will be met in the next 2 months.
Though the demonstration results are extremely
promising, it's important to note that lEI's process is not
suitable for every site. Since a large area is required to set
up and operate the treatment, sites with limited access
and space are not strong candidates.
Another drawback involves the necessity to cover the
treatment cell during heavy rains to prevent leachate
production. Finally, soils contaminated with metals,
polychlorinated bi-phenols, chlorinated solvents, and
pesticides should not be considered since they are not
treated nor stabilized in this bioremediation process.
Facultative bioremediation is proving to be a rapid,
versatile, and cost-effective treatment alternative for
remediating fuels and oils in soil. Full-scale applications
of this treatment process range between 2 to 5 months
and costs about $30 per ton of soil.
To learn more about BADCAT ETP, contact Robin
Truitt at rctruitt@aol.com. The final report for the
Facultative Bioremediation Process will be posted this
summer at http://erb.nfesc.navy.mil.
I
(Note: This article is for informational purposes only
and makes no endorsements. Applicability must be
evaluated on a site-specific basis.)
write in 553
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Erosion Hazard Assessment
for Remediation
By Alfred R. Conklin, Jr.
and B. M. Kariaga
he greatest
environmental
degradation is brought
about by soil erosion.
Soil is lost from
productive agricultural areas and
construction sites producing
gullying and undermining
foundations. It is deposited in low
lying areas including fields,
construction sites, on roads and into
bodies of water. Contaminated soil
can be moved and thus enlarge the
contaminated area.
If you are remediating a site it is
important to know how much soil
erosion is taking place or is likely to
occur between the beginning and
the end of the remediation effort.
There are several ways of doing
this: Semi-quantitative assessment,
the SLEMSA and the USLE
methods. Each has its uses under
different circumstances.
When other measurements of soil
erosion are not available and it is
important to have a guide as to the
erosion potential a semiquantitative field assessment can be
made. Here one looks at root
exposure, height of pedestals under
small stones and bunch grass, stem
exposure on annual crops and soil
height difference above and below
barriers. Barriers are usually walls,
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Alfred R Conklin, Jr. Ph.D. is
Professor of Agriculture and
Chemistry, Wilmington College,
Wilmington, Ohio. B. M. Kariaga
Ph.D. is Senior Lecturer, Department
of Geography, University of
Zimbabwe.

bunds, grass strips and large trees.
One may also find a layer of stone
left behind by erosion. The larger
any of these is, i.e. the more root
exposure, the higher the pedestals
or the more stones on the surface,
the more erosion. This technique is
simple and effective for both arable
and nonarable land.
The above estimate is an estimate
of sheet erosion. That is the thin
layer of soil which is lost from the
soil surface by erosion. This type of
erosion is hard to observe and yet is
the commonest and potentially the
most serious.
Quantitative methods of
measuring or estimation soil
erosion potential are also available.
Two methods are currently in use
for erosion modeling in the United
States and southern Africa. The
USLE (universal soil loss equation)
developed and used in the United
States and SLEMSA (soil loss
estimation model for southern
Africa) for southern Africa. In both
cases once the proper
environmental parameters are
entered into the model an answer in
terms of tons of soil lost per hectare
per year can be calculated. Even if
you cannot use either model they
illustrate the factors which are
important in considering soil
erosion potential.
The USLE uses a number of
variables, which can be combined to
give an estimate of the potential soil
loss under various conditions. The
equation takes the form:

A = the annual soil loss in tons of
soil per acre per year. This term is
then related back to an acceptable
soil loss for that specific soil. If the
figure for the estimated soil loss is
larger that the acceptable loss then
some conservation procedures need
to be instituted. Acceptable soil
losses are commonly between 0.5
and 2 tons of soil per acre per year
depending on soil depth and
fertility.
R = the rain fall erosivity factor.
This term is related to storm
intensity both in terms of the
amount of rain and the intensity of
the rain. That is the energy the
storm can impart to the soil. This is
important because very intense
storms have enough energy to
disperse and carry soil. One usually
obtains this data from maps which
have isoerosivity lines showing
areas, which are subject to the same
storm intensities, and a figure
(number) for R related to this
isoerosivity line.
K = soil erodibilty. Different soils
have different erodabilities. That is
they can be more or less susceptible
to erosion. Mineral soils with high
organic matter contents and well
formed water stable peds and those
with high infiltration rates are less
susceptible to erosion. The K factor
takes these differences into account.
L = Slope length factor. The longer
the slope the more erosion. As
water moves down hill it picks up
speed and thus soil carrying and
scouring capacity is increased. The
longer the slope the greater the
erosion.
S = Slope steepness factor. The
greater the slope of a field the
greater the likelihood of serious
erosion. The steeper the slope the
faster the water moves and the
more erosive power it has. Often the
Land S factors are combined into a
single factor called lengthslope. In
this case a table having slope across
the top and slope length on the left
hand side is used. One finds the
slope of the field at the top and then
the length on the left. The figure in
the table corresponding to this to
points is the figure, which is
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Using the SLEMSA model the estimated soil loss, Z, is equal to KCX.
K = Soil loss. It is the soil loss from bare soil and depends on rainfall
energy (E) and soil erodibility (F).
C = Crop ratio. This is a function of the rainfall energy interception (I)
by various crops in the field. This factor will vary form crop to crop.
X = Topography ratio. It is determined by the slope steepness (S) and
slope length (L).

substituted into the USLE, to
calculate the potential soil loss.
C = Cropping management factor.
Different crops have different
abilities to hold soil in place or
prevent soil erosion. Again tables are
used to find the appropriate figure to
enter into the equation. Where
rotation is used the factor score is
lower.
P = Conservation practice being
used. If there is an excessive erosion
problem or potential then the
conservation practice, which must be
used, can be found in tables which
give the value of the practice in
terms of reducing erosion.
Another approach to model soil
erosion, being used in Southern
Africa is called SLEMSA. The
approach used in the SLEMSA
model is shown in the diagram. In
this scheme the erosion hazard is not
an estimate of actual erosion. It is the
potential erosion that may happen
on a site according to the value of a
number of simplified erosion factors,
which include topography, soil type,
climate and vegetation. In many
respects the SLEMSA approach is

not very different from the USLE
even though the two equations
appear to be very different. Like
USLE, SLEMSA depends on scoring
tables which were prepared through
many years of research in the
Southern African Region.
There are a number of approaches
to estimating erosion hazard in an
area, for a soil, for a topographical
condition, and a cropping or
vegetation pattern. No matter which
is used it is always important to
know how much erosion is likely to
occur. This is especially true for spill
and contaminated sites. One does
not want the pollution to move off
site and pollute an even larger area.
However, one also does not want
soil erosion to occur even of
uncontaminated soil. Such erosion
leads to degradation of soil, which is
the source of our food. In addition it
leads to the pollution of water that
we need for drinking, washing and
in some cases crop production.
Clean up of soil contaminated water
is often expensive. I
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Contaminated Sediments:
Considerations for the Environmental
Forensics Investigator
By Allen D. Uhler, Scott A.
Stout and Kevin J. McCarthy

recognition
n
of this
periodical's new bannerSoil, Sediment and
Groundwater-this
installment of
Environmental Forensics is
dedicated to an overview of the
features of sediments and
sedimentary systems that can affect
environmental forensic
investigations. The implications of
these features for the design of
advanced investigations at
contaminated sediment sites are
illustrated.

I

Formation of Sediments
Geologically, sediments are defined
as collections of particles that have
been transported, by various
mechanisms, and ultimately
accumulate on the bottoms of rivers,
lakes, estuaries, or oceans. Sediments
are broadly classified as either (1)
clastic sediments, which accumulate
in shallow-water environments after
riverine (fluvial) transport or surface
runoff from land, (2) chemical
sediments (e.g., carbonates), which
are precipitated from seawater in
shallow waters on the continental
shelves and (3) deep sea sediments
Scott A. Stout Ph.D., Kevin J.
McCarthy and Allen D. Uhler, Ph.D.
are senior consultants in Battelle
Memorial Institute's Environmental
Forensics Investigation Group in
Duxbury, Mass

(planktonic oozes) formed in the
deep ocean.
The potential mechanisms for the
movement of terrestrial-derived
clastic sediment-glaciation, fluvial
transport, land runoff, and even
atmospheric deposition-result in
sediment assemblages that, on scales
ranging from global to local, are
often geologically diverse in terms of
their morphology (e.g., grain size
and fabric), mineralogy, and
ecology. Almost all forensic
investigations are concerned with
the first category of sediments,
namely clastic sediments deposited
in shallow-water environments.
More often than not, these
environments occur in close
proximity to urban areas where a
century or more of industrialization
along waterways has taken place.
Once in the aquatic environment,
sediments are altered by a variety of
physical, chemical, and biological
processes that can result in materials
quite different in composition from
the original clastic detritus.
Collectively, these alteration
processes are referred to as
diagenesis. While diagenesis
includes all processes that affect the
chemical and physical composition
of sediment from its initial
deposition through its conversion
into sedimentary rock, the
forensic/ environmental investigator
is almost always interested only in
the processes that influence the
character of modem, near surface
sediments where contamination
typically resides.
The composition of near surface

sediments can further evolve due to
the continuous deposition of urban
runoff debris and biological debris
(both organic and inorganic).
Physico-chemical processes that alter
sediment character during early
diagenesis include oxidationreduction, authigenic mineral
formation, chemical segregation (via
diffusion of pore water), and
compaction.

Anthropogenic Contaminants
in Sediment
Sediments throughout the world,
but particularly near urbanized area:
influenced by man, contain
measurable concentrations of many
organic and metal contaminants. As
suggested above, contaminants can
reach the sediment though various
mechanisms, but primarily arise
from runoff, atmospheric deposition
chronic discharge, or accidental
release. Once in the aquatic system,
persistent contaminants (because of
their affinity for organic carbon
and/ or clay matrices) can to bind to
sediments, and then distribute
themselves spatially and vertically
according the local hydrodynamics
and deposition rates of the particula
area. In order to rationalize
measured concentrations of
chemicals of concern at
contaminated sediment sites, the
investigator needs to be extremely
cognizant of the processes that
transport and redistribute
contaminants to the aquatic system,
and those responsible for their
ultimate spatial and vertical
distribution.

Sedimentation and Transport
Once sediments enter the aquatic
environment they can separate into
size (or density) classes through the
competing action of gravity and
water energy (currents and waves).
Water movement that can suspend
and remobilize sedimentary partid
from the bottom are a complex
combination of both laminar and
turbulent flow. Practically speakln~

once particles are in suspension, they
remain so until there is insufficient
energy to maintain them in the water
column. Coarse particles (gravel and
sand) can drop out of suspension
quickly while finer particles (silts
and clays) can remain in suspension
even with very low water energy.
As a result of this relationship, finegrain sediments are referentially
deposited in quiescent, lower energy
environments (e.g., lakes, estuaries
and embayments). Conversely,
coarse grain sediments are typically
found in higher energy
environments (e.g., rivers, deltas, or
in the intertidal zone of beach areas).
This separation process almost
always leads to non-homogenous
distributions of sediments in natural
environments.
In the low-energy areas mentioned
above sediments accumulate
through a process known as
deposition. Rates of deposition vary
from tenths of millimeters to many
centimeter per year, depending on
the flux of aterial to the system and
the local hydrodynamics. Without
knowledge of deposition rates and
the processes that can affect them, it
is nearly impossible for the forensic
investigator to deconvolute vertical
profiles of contamination, relate the
contamination to a certain time
period, or identify the sources
responsible for the contaminant
signature(s).
Fortunately, there are radioisotope
techniques available to date the
vertical distribution of recent
sediments and thereby access the
rate of deposition. Lead-21O is a
naturally occurring radioisotope of
Pb with a half-life of about 22 years
that is deposited by atmospheric
fallout into sediment. By measuring
Pb-210 in carefully collected
sediment cores, the investigator is
able to date core slices with an
accuracy of 2-3 years. Similarly,
Cesium-137, a radionuclide with a
half-life of about 30 years, is a
residue of atmospheric nuclear
bomb testing that began in the early
1950s and peaked in the early 1960s.
Together, the isotopes can be used to
date sediments and establish their
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Figure 1. Distribution of lead (Pb) in an isotopically dated sediment
core can be rationalized against the use pattern of alkyl lead
additives in gasoline during the 20th century.

rate of deposition. Limitations
regarding the application of
radioisotope dating are well known
(e.g., the data can be confounded by
extensive stratification or
homogenization/ re-mixing in high
energy areas).
Nonetheless in many cases agedating of sediment cores, in
conjunction with detailed chemical

analysis of dated core slices, allows
the investigator to assign time
windows to patterns of chemical
concentrations in the cores. For
example, consider the core sample of
sediment obtained in Puget Sound,
Wash. (Fig.l). The concentration of
lead (Pb) is plotted as a function of
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time (e.g., depth) determined from
Pb-21O / Cs-137 dating of the core.
Knowing the approximate dates of
the core sections allows the
investigator to link the vertical
distribution of Pb in this core to
historical use of alkyl lead additives
in gasoline. Alkyl leads were
introduced as gasoline additive in
1923; as such, before 1923 the Pb
measured in the sediment was
representative
of background levels
of the element. Lead concentration
and use in gasoline increased
systematically until peaking in the
mid-1970s. Leaded gasoline use was
reduced and ultimately phased-out
between about 1975 and 1996 by
virtue of the Clean Air Acts (1970
and 1990); the effect of this reduction
is reflected dramatically in the latter
part of the Pb distribution diagram
in Figure 1.

The Role of Organic Carbon
One of the important factors in
assessment of contaminated
sediment sites is knowledge of the
potential for sediments to bind and
accumulate anthropogenic
contaminants. The amount of
organic carbon in sediments form
this important reservoir that has the
potential to bind most anthropogenic
chemicals of concern.
The energy of the water body, the
sedimentation
rate, and the
biological activity in the water
column will all affect the amount of
organic carbon the can occur in
sediments. If the energy is too high
the deposited sedimentary particles
are too coarse to include low-density
organic debris. In addition, coarse
sediments permit diffusion of
oxygen promoting decay of any
organic carbon in the sediments.
Similarly, if the sedimentation rate is
too high any organic matter is
diluted with mineral matter. Thus,
the amount of organic carbon that
occurs in sediments is dependent
upon a fine balance of processes the
preserve and concentrate versus
those that dilute or degraded.
This balance is almost always
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Figure 2. An
anonymously
high total PAH
concentration
among
sediments from
12 river stations
(Figure 2a) is
clearly
recognized in
the total organic
carbonnormalized data
(Figure 2b).
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achieved in finer-grained sediments.
This is why coarser-grained
materials (e.g., sands, some silts)
typically contain low concentrations
of contaminants, even in areas where
one might suspect inputs of such
chemicals from man's activities. In
forensic investigations it is
imperative to account for the effect
of organic carbon content on
sediment contaminant burden. For
example, consider the assessment of
total PAH (sum of EP A Priority
Pollutant PAH) made in sediment
from a riverine system in the
Southeastern United States, where
total organic carbon content ranged
from 0.2% to a whopping 40%.
Figure 2a shows a plot of Total
P AH at 12 sediment sampling
stations in the river, where
concentrations ranged from less than
20 mg/kg to more than 15,000
mg/kg. Does this data suggest
patterns of contamination? Figure 2b
shows the same data, normalized to
the organic carbon content of the
sediment. Through this analysis only
one station, ORT33, suggests
elevated concentrations of P AH,
compared to the biding capacity of
the organic carbon in each sediment.
Clearly, the investigator should

examine more closely the factors that
are responsible for the increased
loading of PAH in the area around
Station ORT33.

Conclusions
Sediments,

although

genetically

linked in a gross sense, are strikingly
different chemically and
morphologically
from terrestrial
soils. Further, the manner in which
sediments accumulate contaminants
move within the environment, and '
deposit on river, lake, or ocean floors
requires a fundamentally
different
approach to their assessment. A
forensic investigator studying a
contaminated sediment site must be
able to explain distributions of
contamination, both horizontally
and vertically, not only in terms of
their likely sources, but within the
framework of the unique
sedimentary environment of the
study area. A clear and defensible
assessment of a contaminated
sediment site can only be
accomplished through a complete
understanding
of the geology,
sedimentology, chemistry, and
hydrodynarnics
of the sedimentary
environment under investigation.
I
write in 555

The Reengineered Louisiana Department
of Environmental Ouality
he organization of an environmental
department can reflect either the status quo
or a desire to change. Change, in and of
itself, does not always produce positive,
expected results. Because change, any kind
of change, is disruptive and time consuming, staying
with a known, but ineffective process, can be seen as a
safer and easier road to follow.
Both state and federal environmental organizations
have generally reflected the structure of environmental
legislative history rather than the best way to organize.
Passage of the Clean Air Act resulted in an air quality
department with air permits, air enforcement and air
investigators. Similarly, the Clean Water Act and the
Resource Conservation and Recovery Act passages
produced similar organizations.
While these organizational structures may have made
sense when new medium legislation was being passed
almost yearly, the question of what is the best
organization for a mature system was not really asked
until ECOS was formed. ECOS provided a safe forum
for state regulatory agency heads to question almost
every aspect of environmental management systems.
The result has been innovation and change.
The remainder of this column is about the
reengineering of the Louisiana Department of
Environmental Quality, my previous employer.

T

The Reengineered Louisiana Department of
Environmental Quality
In early 1997,the Louisiana Department of
Environmental Quality (DEQ) undertook an effort to
change the way it conducts its business with regard to
managing the environment of the State of Louisiana
and how it provides services to stakeholders of the
department. This effort is known as Business Process
Bill Kucharski is the former Secretary of the Louisiana
Department of Environmental Quality, and is now
located in Bronxville, N. Y.

Reengineering (BPR).BPR can best be described as,
"The fundamental rethinking and radical redesign of
key business processes to achieve dramatic
improvements in performance" (James Champy and
Mike Hammer, Reengineering the Corporation).
It should be noted that reengineering is not
reorganization-reengineering
deals only with
redesigning or modifying business processes. It
should be noted however, that reorganization can be a
necessary tool with which to facilitate and implement
reengineered processes.

Implementing BPR
The BPR initiative was started with the premise that to
accomplish its mission, DEQ would be required to
become more efficient and effective. In short, the way in
which the department had historically functioned did
not lend itself to the increase in efficiency required by
the future. The BPR would, therefore, have to examine
every facet of the department's activities and evaluate
the effectiveness of each activity.
To fully implement BPR and reap the benefits, DEQ
reali.zed that it must complete three separate and
distinct phases. These phases are:
1: Discovery and Direction Setting,
2: Reengineering Key Business Processes, and
3: Implementation
DEQ is currently involved in Phase 3 of the project.
Below is a summary of what DEQ has accomplished to
date, what the department is currently doing, and what
is planned for the future
Phase 1, Discovery and Direction Setting, involved
interviewing over 250 DEQ stakeholders. An
independent contractor carried out these interviews in
order to determine the perspective of these
stakeholders relative to their interactions with DEQ
from both an internal and external perspective. A
stakeholder was defined as anyone who has an interest
in DEQ. This includes private citizens, the regulated
community, and DEQ employees.
Continues on page 26 ~
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All of the department's functions were subject to
review. Based on the information collected by the
contractor, the contractor recommended those business
processes that they believed required redesigning. The
BPR Steering Committee, which was comprised of the
department's executive staff, then decided which
processes would be redesigned in the Department.
The processes selected were: Strategic Planning,
Permitting, Surveillance, Enforcement, and
Remediation. These core processes comprise
approximately 90% of the tasks performed by the
department.
Phase 2, Reengineering Key Business Processes,
involved assembling teams of DEQ employees and
facilitating contractors, and charging these groups to
redesign the identified processes so as to make them
more effective and efficient. The utilized approach
obligated the groups to start from the very beginning
and forget the existing organization. This technique is a
methodology known as "a clean sheet" approach.
One key aspect about this approach was that the teams
were empowered by the executive staff to propose
whatever changes were deemed necessary. In order for
any meaningful changes to be recommended, the
groups had to believe that they had a real chance to
make substantive changes.
The strategic planning team recommended a
modification of the standard strategic planning process
to include considerable stakeholder input. This input is
obtained by utilizing a formal environmental
questionnaire that is sent to stakeholders throughout
the state. The returned questionnaires help the
department to prioritize issues and the process then
links department resources, both personnel and dollars,
to these environmental priorities.
In conjunction with this process LADEQ has begun
the Performance Partnership Grant Program (PPG)
with EPA Region 6. The PPG process is designed to
streamline Federal grants and grant requirements and
to bring these issues inline with state priorities. The
annual state budget process then links an
environmental indicator review process to the budget
requests and tries to determine if resources expended
have generated the desired environmental benefits.
The permit team recommended significant
improvements in the permit application process.
Expanding on the existing pre-permit meetings and
discussions between the department and potential
permit applicants, the team recommended additional
planning, developed quality assistance documents and
guidance for preparing applications.
The team established a permit assistance center,
streamlined the signatory review process by reducing
the number of internal review signatures required,
improved internal tracking procedures, established a
single department contact person for each permit
application and improved public participation. These

changes are designed to eliminate permit backlogs and
focus staff attention on applications with the highest
potential environmental impact.
The compliance team recommended that surveillance
and enforcement teams, heretofore separate divisions,
be combined into one unit. The team further
recommended a multi-media compliance approach to
aid in generating uniformity in compliance activities.
The proposed changes also assign accountability and
responsibility for compliance to a single management
unit and streamlines information flow to stakeholders,
especially about of significant activities. Having a SinglE
management unit handling all compliance issues allowE
the department to incorporate supplemental
environmental projects into violation negotiations and
with a single responsible manager / group handling all
compliance issues, vigorous prosecution of violators is
encouraged.
The remediation team recommended the creation of a
single remediation group. This step would eliminate
the ability to "shop" for a program that would require
a lesser cleanup (for example, a benzene release is
treated differently by UST, RCRA and CERCLA). The
plan was to produce a one-stop shop to institute
procedures to simplify and clarify the scope of the
remediation process and reduces unnecessary
submittals, review time, labor and internal review
steps. This allows fast-track remediation where
applicable and increases accountability. Instituting a
triage system for evaluating multiple cleanup
requirements was recommended to improve
prioritization.
Once the proposed redesigned processes were
complete, the teams presented their work to the BPR
Steering Committee for final review and ultimately,
approval of the recommended changes. All of the
recommended changes described above were, in fact,
accepted by the LADEQ BPR Steering Committee. One
obvious result of the Phase 2 study was the realization
that the optimization of the newly reengineered
processes required DEQ to reorganize.
The basic changes enacted was the removal of the
water, air, hazardous waste, solid waste and radiation
divisions and the creation of the following structure:
• Office of the Secretary, which previously existed,
• Office of Management and Finance, which previously
existed,
• Office of Environmental Services, which includes the
Environmental Assistance Division, and the Permits
Division,
• Office of Environmental Compliance, which includes
the Surveillance Division and the Enforcement
Division, and
• Office of Environmental Assessment, which includes
the Environmental Planning Division, Environmental
Evaluation Division, Environmental Technology
Division, and the Remediation Services Division.
As can be seen, three of the new divisions deal

specifically with the newly reengineered processes. To
fully implement the changes in organization, DEQ
needed the specific approval of the State Legislature,
which was obtained in the 1999 Louisiana legislative
session. The Governor signed the bill on June 16, 1999.
Another positive aspect of Business Process
Reengineering was it enabled the department to
consolidate all of its financial functions in one place, as
well as all contracts and grants responsibilities.
Implementation of the newly designed department
began in July of 1999. In order to implant the new,
reengineered processes in the department, a significant
amount of orientation and process specific training was
and continues to be necessary. A major focus of
Reengineering is the creation of Standard Operating
Procedures (SOP) throughout the department. These
procedures assure quality and conformity for today as
well as the future. Some of these SOPs existed before
Reengineering but must be modified to meet the new
organization of the department.
In addition to changing and training DEQ employees,
the department must also educate and orient those
outside the department (our "Customers") about the
new DEQ. This effort is being addressed through
presentations to outside organizations and groups,
writing articles for various publications and inserting
vital information on the department's website.
DEQ is currently constructing an inclusive list of
required permit submittals and where these submittals
must be sent to within the department. This list will
eventually become a part of DEQ regulation. As these
SOP's are being developed and modified, they and will
be posted in draft form on the department's webpage.
As part of implementing the new processes, a new
multi-media (Air, Water, Solid Waste, Radiation, etc.)
approach is being installed. This entails either
assembling individuals skilled in a single medium (air,
water, hazardous waste etc.) to address multimedia
issues and developing multiple media skills in
individual employees to address the same issues.
Historical experience trained the medium "expert"
approach. In the future, this method of specific medium
expertise will be replaced with multimedia expertise
through training and multimedia responsibilities. This
approach will also be applied to facility permitting as
well as surveillance and enforcement activities
As expected, there was a initial downturn in
productivity and morale because of the radical
structural changes made in the department. While this
effect was anticipated, the executive and top level
management staff have been working diligently to limit
this impact. Based upon current observations, morale
and efficiencies are steadily improving. It is not
expected that a full realization of the reengineering
benefits will be seen for at least another yeaL, i.e., until
the summer of 2001.
The department's Business Process Reengineering effort
has also led to seeking ISO 9000 and ISO 14000

registration. ISO 9000 addresses how an entity manages
its day to day operations and ISO 14000 assists
environmental management. If DEQ is successful in this
effort, it would be the first government agency in this
country, and possibly the world, to attain registration.
Another accepted recommendation of the BPR effort at
DEQ is the creation of a Dual Career Ladder program.
This policy allows for further advancement and
promotion based upon enhanced technical skills.
Personnel will be able to get a Civil Service promotion
without having to automatically go into management.
This program will help in the recruitment of top talent as
well as the retention of current, highly skilled employees.
Finally, in addition to the reorganization of the
department, information technology is being enhanced
throughout the department. DEQ is implementing a new
Integrated Data Management System (IDMS) for the
department. The IDMS will allow the Department to
consolidate information. This system contains:
Document Management System
This will allow the Department to become paperless.
All incoming mail will come to a single location, be
scanned into a document management system, and
then forwarded to the appropriate personnel or
functional area electronically.
LABWORKS Enterprise
Laboratory Information Management System for the
Air and Water Laboratories. Provides automated
interface between instrumentation and Analytical
System. Provides automated tracking of sample data
and QA/QC.
TerraBase
This is an analytical/validation database system with
automatic upload of laboratory analyses, submitted
laboratory data, data validation and a GIS interface.
This system serves as a repository for all analytical
data.
TEMPO (Tools for Environmental Management and
Protection Organizations)
This system will allow the Department to perform the
majority of its business processes (permitting,
surveillance, enforcement, and remediation) in a single,
integrated system.
Enhanced GIS Capabilities
These capabilities include developing Spatial Data
Coverage Libraries, 3-D display and analysis, modeling
of geo-spatial data, Remote Sensing, continued
collection of spatial data for the entire state, obtaining
GPS (Global Positioning System) coordinates for all
sites, and providing access to GIS maps via the Internet.
If you have any questions or comments, please contact
Thomas Bickham of the LADEQ at (225) 765-0733, or
via e-mail atthomas_b@deq.state.la.us. I
write in 554

Hydrostatic Testing Water and Pipeline Cleanup
ydrostatic testing of crude oil, gas
pipelines and fuel storage tanks is
conducted when the operator switches
from one fuel to another, such as from
crude oil to natural gas. In such a case,
the crude oil is removed from the existing pump
stations and pipelines. The pipeline is then cleaned,
first by flooding with a light solvent such as toluene,
to be followed by water.
The solvent removes the oil film from the pipeline (or
tank) wall. This process minimizes oil contamination
of the hydrostatic test water that is pumped through
after this step, and reduces the hydrocarbon vapors
present in the line during subsequent repairs,
replacements and modifications to the pipeline.
Compressor and gas measurement station piping is
on occasion, also hydrostatically tested, at several
times the design pressure. This results in
contaminated water which needs to be treated. This
water can be treated in either a nearby municipal
treatment plant, or hauled off to a treatment facility,
both of which are expensive methods. Another even
more costly method, is to inject this water into
disposal wells. This is a more costly alternative
because the oil will coat the pores in the formations
downhole, which will result in frequent costly cleanup by acid injection.
Since these hydrostatic testing and pipeline clean-up
waters contain emulsified oil, the emulsions are
broken by: 1.) Heating the water, 2.) Adding a metal
salt such as poly aluminum chloride, 3.) Lowering the
pH and possibly adding a coagulant and flocculant.
The water is then passed through a coalescing plate
separator and discharged.
The water quality must pass NPDS permits and local
discharge limits before it can be discharged into a
river or a sanitary sewer system. In many states,
including Wyoming, Mississippi and New Jersey, the
discharge limits for oil and grease are already 10 ppm,
likely to be lowered over the next few years. The other
states are sure to follow.
Oil/water separators cannot consistently achieve
such low levels of oil and grease content. The
traditional method of using activated carbon alone is
far too expensive due to quick coating of the carbon's
pores by the oil, resulting in frequentchangeouts.
Another problem often encountered when cleaning
crude oil pipelines are paraffin deposits on the wall of
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the pipeline. This paraffin is also removed with light
hydrocarbons such as toluene, which in turn must be
removed from hydrostatic testing water, which is
usually recycled several times. Similar problems are
found in fuel storage tanks, where chemicals such as
polynuclear aromatics and benzene are found,
benzene being considered hazardous and requiring
special treatment.
In the past, operators have used activated carbon,
both on and off site, to treat these waters, using carbon
as the final polishing step. Activated carbon, however,
removes only 5-10% of its weight in oil and other large
hydrophobic low solubility hydrocarbons. Therefore
the economics of using carbon alone are clearly
unacceptable. Another granular filter media that has
found acceptance as a pre-polisher to activated carbon
and as a post-polisher to oil/ water separators and
batch treatment systems that use emulsion breakers
are: organically modified clays, also called
organoclays. These clays are being used with great
success in groundwater remediation and industrial
wastewater treatment by trendsetting corporations in
the industry, because they remove oil and other
hydrophobic non-polar compounds at 50% their
weight or more, 700%more than activated carbon.
Organoclays consist of bentonite, modified with
cationic quaternary amines. This modification results
in a non-ionic surfactant with a solid base, that allows
oils, PNAH's and other hydrophobic, chlorinated
hydrocarbons to partition onto the clay surface where
they are strongly held by Coulombic forces. The
organoclay granules are blended with anthracite,
which has the same bulk density as the organoclay (56
lbs. / ft.3), and prevents early plugging of the
interstitial pores.
It also removes larger droplets of heavy oils such as
Bunker C oil, in the same manner as walnut shells.
However, the organoclay is far more effective at low
levels, frequently achieving non-detect levels. The
organoclay is placed into activated carbon vessels,
requiring only the addition of a pressure relief valve
on top of the vessel (air builds up more easily due to
its higher bulk density).
Below are four case histories which illustrate the
benefit of including organoclay in the treatment train.

Natural Gas Company
A major natural gas company converted a crude oil
pipeline system to natural gas service. The system
runs from Wyoming to Missouri, for about 900 miles.
The pipeline had to be flushed out, and cleaned out
with a solvent based solution and water. 3.5 mill
gallons of water containing toluene was used,
resulting in an FOG content of 500 mg / I, which had to

be reduced to 10 mg II to meet NPDS permit
standards. VOC's where detected in amounts of 700
mg/l.
The water was first pumped into a flotation tank and
through several sand filters with frequent
backwashing at 1500 gpm. It was then pumped into a
slop tank, and subsequently through two carbon
absorbers, each filled with 8,000 lb of organoclay. At
this point, the FOG limits were met. This was followed
by six absorber vessels filled with 56,000 lbs. of
activated carbon, which removed 99% of the VOC's,
namely toluene and benzene.
A final polish was added by passing the water
through an air stripper. The off gas was passed
through a thermal oxidizer at 4,000 CFM, at which
point VOC content was non-detect. Both the
organoclay and carbon were changed out twice and
frequently backwashed.
The per gallon cost of cleaning these 3.5 million
gallons of water was $0.15-0.20/ gal, or $700,000. This
is cost is in sharp contrast to the cost of hauling it
away for treatment at $0.70/ gal (it would be
considered hazardous due to the presence of benzene)
which would have amounted to $2.45 mill, a cost
savings of about $1.6 million.
Had activated carbon alone been used, without the
organoclay, it would have required 784,000lbs. rather
than 112,000lbs., a cost increase of some $4 million,
clearly an inefficient and unacceptable solution. A
similar case history for treating water from natural gas
holding tanks that included organoclay resulted in a
cost savings of $990,000.when treating on site with
organoclay, versus hauling to a treatment facility.

San Francisco Bay Pipeline Leak
An oil pipeline leak in a marsh near San Francisco
Bay required the pipeline operator to: 1.) Contain the
spill, 2.) Repair the pipeline with subsequent
hydrostatic testing and, 3.) To mitigate the
environment. The containment and site cleanup was
to be performed in the usual manner, with vacuum
trucks and so on. But the California Dept. of Fish and
Game required that contaminated water from the spill
site, both surface and groundwater, have the quality
of drinking water before it was discharged. This
required removing high levels of solids, VOC's and
free and emulsified oil.
The cleanup contractor placed a treatment system
alongside the spill area to eliminate the need for
vacuum trucks, which could not have been moved on
site in this marsh. Excavation required de-watering of
sufficient contaminated area to allow exposure and
repair of the pipeline. The water was pumped at about
200 gpm. Approximately, 3.2 mill gallons of water
were treated.
The treatment train included 25 gallon weir tanks
with three baffles, two 5 micron bag filters, two
vessels of organoclay in parallel, and four vessels

filled with activated carbon. The organoclay was
changed out three times. Costs per gallon were a
fraction of vacuuming and hauling the water, by
barge, to a treatment site.

Compressor Station
At a compressor station, washdown water and oil
contaminated water derived from oil leakage and
flushing of the pipes, a water treatment system was
installed. It consisted of a wastewater holding tank
with an oil drain off valve; a coalescing oil/water
separator fitted with an oil skimming weir and an
effluent holding tank, along with two tertiary
polishing filters. The first filter included organoclay,
while the second and last filter contained activated
carbon to remove the light end hydrocarbons, before
the water was discharged. The effluent quality
resulted in non-detect levels, and the media is
changed out only once a year.

Central Michigan Oil Field
An oil field produced water at a site in central
Michigan containing 500 ppm residual oil, and was
injected into an injection well at a rate of 3,500 barrels
per day. Injection rates were reduced constantly due
to severe plugging of the pores of the formations
downhole. This required working over every three
months. Requirements were, a workover rig along
with the injection of hydrochloric acid and xylene
based solvents to partially restore the permeability of
the formation, at a cost of $7,500 every three months,
plus downtime for the drilling crew and equipment.
A contractor set up an oil/ water separator at the well
head, followed by a carbon vessel filled with 1,200lbs
of organoclay, resulting in an oil content of 5 ppm in
the produced water. This included a one time
installation cost of $5,900.Every three months, the
organoclay is changed out at $1,500 plus a disposal fee
for the spent clay of $40 plus freight, a cost savings of
$6,000 every three months, or $24,000per year.
These case histories illustrate that organoclay is a
filter media that can be of great economic benefit to
operators in a variety of applications where the
presence of small amounts of oil in water drive up
treatment costs. As long as the spent clay is nonhazardous and passes the liquid paint filter test, most
states allow disposal in a roll off dumpster into the
local landfill.
Otherwise, thermal desorption or burning as fuel in
cement kilns, or inclusion as a component of asphalt,
are reasonably economical disposal methods. A side
benefit of the organoclay is that it also removes small
amounts of heavy metals, both anionic and cationic,
particularly in the presence of ferric iron where coprecipitation is the mechanism. PCB removal due to
the organoclay's affinity for both PCB and transformer
oil are also frequent applications. I
write in 552

Soil & Groundwater

Cleanup

April/May 2000 29

By Kate Simmons, Ph.D., Paul Kostecki, Ph.D.
and Edward Calabrese, Ph.D.

note that, for some states, categories of information no
longer appear if th~ state does not provide that
information or require its usage in its regulatory program.
While we publish these summaries as a handy referenc
of cleanup standards in each state, users should be
aware of the limitations of summarizing regulatory
programs in a table format and should contact each statE
for complete information. As in previous years,
Connecticut
requests that interested parties call for information
because their program is not easily summarized in a tabl
format. We are pleased to provide readers with a
summary for Colorado this year, as that has not been
available in previous years.
AEHS wishes to thank our state contacts for their help i
updating the information for these 1999 summaries. We
greatly appreciate the time and effort they put into
working with us to make this information available to
readers. AEHS also wishes to thank the American
Petroleum Institute for its support of this survey.
For more information contact AEHS by phone at 413549-5170, by mail at 150 Fearing Street, Suite 21,
Amherst, MA 01002, by FAX at 413-549-0579 or visit ou
Web Site at http://www.aehs.com .

Welcome to the Association for the Environmental
Health of Soils (AEHS)'s tenth annual survey of states'
cleanup standards for hydrocarbon contaminated soils
and groundwater. The first state-by-state cleanup
standards survey was conducted in 1990 following the
release of the EPA's final rules for regulating underground
storage tanks. We have conducted this survey each year
as a continuing service to environmental professionals
concerned with hydrocarbon contaminated soils and
groundwater. We are pleased to offer these state-by-state
summaries on our web site.
As in previous years, contact people in each of the fifty
states, and the District of Columbia, provided us with
updated information on their regulatory programs. Many
of the states' programs have changed or are in the
process of changing to Risk-Based Corrective Action
(RBCA) approaches. Due to the many variations between
states' programs, the format of the summaries has
become less standardized in the effort to accurately
reflect each state's program. For example, readers should

Alabama

Cleanup

Standards

for Hydrocarbon

Contaminated

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

Benzene

EPA 602, 624,
8021,8260

Ethylbenzene

EPA 602,624,
8021,8260

Toluene

EPA 602, 624,
8021,8260

Xylene

EPA 602,624,
8021,8260

MTBE

EPA 8021,8260

PAH

EPA 610, 625,
8310,8100,8270

BTEX

EPA 602, 624,
8021,8260

BTEX

EPA Method 602,
624,8021,8260

PAH

EPA Method 610,
625, 8310, 8100,8270

Lead

EPA 239.2,7420,7421

Diesel

Waste Oil

Groundwater
Notification
Level

Detection
Level

,
,

,

,

,
,
,
,
,

,
,

Action
Level

Cleanup
Level

any amount

5Jlg/L

5Jlg/L

any amount

700Jlg/L

700Jlg/L

any amount

1000Jlg/L

0.1 mg/L or
1.0mg/L

any amount

10,000Jl9/L

10,000Jl9/L

any amount

20Jlg/L

site specific"

any amount

site specific"

site specific"

any amount

same as gasoline

same as gasoline

any amount

same as gasoline

same as gasoline

any amount

same as diesel

same as diesel

any amount

5Jlg/L

site specific

'Dictated by Method.
" Health Advisory Limits.
Note: Risk assessment may be utilized to allow for an alternate corrective action limit. The UST program has developed
a risk-based program for alternate corrective action limits at UST release sites.
Cont~,ct: Dorothy Malaier, Alabama Department of Environmental Management, 334-270-5613
E-mail: dsm@adem.state.al.us
Web site: http://www.adem.state.al.us

Alaska Cleanup Standards for Hydrocarbon

Contaminated

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

GRO (C6-C1Q)
GRO (C6-C10)
Aliohatic HYdrocarbons

Detection
Level

Notification
Level

Action
Level

Cleanup
Level

AK 101

10.0uo/L

any amount

1.3mo/L

1.3 moIL

AK 101AA

2.0J19/L

any amount

1.3mg/L

1.3mg/L

GRO (C6-C1 0)
Aromatic Hydrocarbons

AK 101AA

0.2J1g/L

any amount

7.3mg/L

7.3mg/L

Benzene

AK 101 or

0.7J1g/L

any amount

0.005mg/L

0.005mg/L

~Pl\

Diesel

Groundwater

Qn'J1~

Toluene

AK 101 or
EPA 8021 B or 8268B

0.7J1g/L

any amount

1.0mg/L

1.0mg/L

Ethylbenzene

AK 101 or EPA 8021 B
or 8260B

0.7J1g/L

any amount

0.7mg/L

0.7mg/L

Xylenes

AK 101 or EPA 8021 B
or 8260B

0.7J1g/L

any amount

10mg/L

10mg/L

Naphthalene

EPA 8270C or 8310

1.0J1g/L

> 500mg/L total PAH~

1.46mg/L

1.46mg/L

GRO (C6-C10)

AK 101

10.0J1g/L

any amount

1.3mg/L

1.3mg/L

GRO (C6-C10) Aliphatic
Hydrocarbons

AK 101AA

2.0J1g/L

any amount

1.3mg/L

1.3mg/L

GRO (C6-C1 0) Aromatic
Hydrocarbons

AK 101AA

0.2J1g/L

any amount

7.3mg/L

7.3mg/L

Benzene

AK 101 or EPA 8021B
or 8260B

0.7J1g/L

any amount

0.005mg/L

0.005mg/L

Toluene

AK 101 or EPA 8021B
or 8260B

0.7J1g/L

any amount

1.0mg/L

1.0mg/L

Ethylbenzene

AK 101 or EPA 8021 B
or 8260B

0.7J1g/L

any amount

0.7mg/L

0.7mg/L

Xylenes

AK 101 or EPA 8021 B
or 8260B

0.7J1g/L

any amount

10.0mg/L

10.0mg/L

DRO (C10-C25)

AK 102

80J19/L

any amount

1.5mg/L

1.5mq/L

DRO (C10-C25) Aliphatic
Hydrocarbons

AK 102AA

20.0J1g/L

any amount

0.1 mg/L

0.1mg/L

DRO (C1 0-C25) Aromatic
Hydrocarbons

AK 102AA

20.0J19/L

any amount

1.5mg/L

1.5mg/L

PAHs'

EPA 8270C or 8310

1.0mg/L

> 500mg/L total

Naphthalene
1.46mo/L

Naphthalene
1.46mo/L

Fluorene
1.46mg/L

Fluorene
1.46mg/L

Anthracene
11.0mg/L

Anthracene
11.0mg/L

Pyrene
1.1mg/L

Pyrene
1.1 mg/L

Benzo( a) anthr
acene
0.001mg/L

Benzo( a) anthr
acene
0.001mg/L

Acenaphthene
2.2mg/L

Acenaphthene
2.2mg/L

Chrysene
0.1mq/L

Chrysene
0.1 mq/L

Benzo( a) pyren
e 0.0002mg/L

Benzo( a) pyren
e 0.0002mg/L

Dibenzo( a, h) a
nthracene
0.0001mg/L

Dibenzo( a, h) a
nthracene
0.0001mg/L

Benzo( b) fluora
nthene
0.001mg/L

Benzo( b) fluora
nthene
0.001mq/L

Benzo( k) fluora
nthene
0.01mg/L

Benzo( k) f1uora
nthene
0.01mg/L

Indeno( 1,2,3c, d) pyrene
0.001mg/L

Indeno( 1,2,3c, d) pyrene
0.001 mg/L

PAHs

,

Waste Oil

GRO (C6-C10)

AK 101

10.0J19/L

any amount

1.3mg/L

1.3mg/L

GRO (C6-C10) Aliphatic
Hydrocarbons

AK 101AA

2.0J19/L

any amount

1.3mg/L

1.3mg/L

GRO (C6-C10) Aromatic
Hydrocarbons

AK 101AA

0.2J1g/L

any amount

7.3mg/L

7.3mg/L

Alaska Cleanup Standards
Product
Benzene

for Hydrocarbon

Contaminated

Groundwater,

Continued

Detection
Level
any amount

Notification
Level
0.005mg/L

Action
Level
0.005mg/L

AK 101 or EPA 8021 B
or 8260B

0.7jJg/L

any amount

1.0mg/L

1.0mg/L

Ethylbenzene

AK 101 or EPA 8021 B
or 8260B

0.7jJg/L

any amount

0.7mg/L

0.7mg/L

Xylenes

AK 101 or EPA 8021 B
or 8260B

0.7jJg/L

any amount

10.0mg/L

10.0mg/L

ORO (C10-C25)

AK 102

80jJg/L

any amount

1.5mg/L

1.5mg/L

ORO (C1 0-C25) Aliphatic
Hydrocarbons

AK 102AA

20jJg/L

any amount

0.1mg/L

O. 1mg/L

ORO (C10-C25) Aromatic
Hydrocarbons

AK 102AA

20jJg/L

any amount

1.5mg/L

1.5mg/L

RRO (C25-C36)

AK 103

50Uq/L

any amount

1.1 mq/L

1. 1mq/L

RRO (C25-C36) Aliphatic
Hydrocarbons

NA

NA

NA

NA (insoluble)

NA (insoluble)

RRO (C25-C36) Aromatic
Hydrocarbons

AK 103AA

50jJg/L

any amount

1.1 mg/L

1. 1mg/L

PAHs

EPA 8270C or 8310

1.0jJg/L

any amount

Naphthalene
1.46mg/L

Naphthalene
1.46mg/L

Fluorene
1.46mg/L

Fluorene
1.46mg/L

Anthracene
11.0mg/L

Anthracene
11.0mg/L

Pyrene
1.1 mg/L

Pyrene
1.1 mg/L

Benzo( a) anthr
acene 0.001 mg/L

Benzo( a) anthr
acene 0.001 mg/l

Acenaphthene
2.2mg/L

Acenaphthene
2.2mg/L

Chrysene
0.1 mg/L

Chrysene
0.1 mg/L

Benzo( a) pyren
e 0.0002mg/L

Benzo( a) pyren
e 0.0002mg/L

Dibenzo( a, h) a
nthracene
0.0001mg/L

Dibenzo( a, h)
nthracene
0.0001mg/L

Benzo( b) fluora
nthene
0.001mg/L

Benzo( b) fluore
nthene
0.001mg/L

Benzo( k) fluora
nthene
0.01mg/L

Benzo( k) fluore
nthene
0.01mg/L

Indeno( 1,2,3c, d) pyrene
0.001mg/L

Indeno( 1,2,3c, d) pyrene
0.001mg/L

Parameter/
Constituent
AK 101 or

Lab Test
Protocol & Number
0.7jJg/L
EPA 8021 B or 8260B

Toluene

,

Metals

Arsenic
0.5jJg/L

Dependent on
Specific Metal

any amount

Arsenic
0.05mg/L

Barium
1.0mg/L

Barium
2.0mg/L

Barium
2.0mg/L

Cadmium
10jJg/L

Cadmium
0.005mg/L

Cadmium
0.005mg/L

Chromium
100jJg/L

Chromium
0.1 mq/L

Chromium
0.1mq/L

Chromium( III)
36.5mq/L

Chromium( III)
36.5mq/L

Chromium( VI)
0.1 mq/L

Chromium( VI)
0.1mq/L

Lead 1.5Uq/L

Lead 0.015mq/L

Lead 0.015mq~

Nickel0.05mg/L

Nickel 0.1 mg/L

Nickel 0.1 mg/L

Vanadium
0.26mq/L

Vanadium
0.26mq/L

Groundwater standards come from the Oil and Hazardous Substances Pollution Control Regulations,
versions can be found at http://www. state. ak. usl decl title181 wpfiles/18aac75.
doc
E-mail: cpringha@envircon.state.ak.us

of Environmental

a

Arsenic
0.05mg/L

Vanadium
0.01mq/L

Contact: Cynthia Pring- Ham, Alaska Department

Cleanup
Level

Conservation,

18AAC 75, Articles 3 and 9. Electronic

907-465-5301

Web Site: http://www.state.ak.us/dec/dspar/stp_home.htm

Arizona

Cleanup

Standards

for Hydrocarbon

Contaminated

Groundwater

Product

Parameter!
Constituent

Lab Test
Protocol & Number

Gasoline, Diesel,

TPH

AZ 8015

lab dependent

any amount

Waste Oil

Benzene

EPA 8021 B

lab dependent

any amount

Toluene

EPA 8021B

lab dependent

any amount

Ethylbenzene

EPA 8021 B

lab dependent

any amount

EPA 8021B

ab dependent

any amount

Xylenes
Contact:

Don Richey, Arizona Department

of Environmental

Detection
Level

Action
Level

Quality (602) 207-4129

Web Site: http://www.adeq.state.az.us

Arkansas

Cleanup

Standards

for Hydrocarbon

Contaminated

Groundwater

Product

Parameter!

Gasoline

BTEX/MTBE

8021,8260

site specific"

Diesel

PAHs

8100,8310,8270

site specific"

Waste/ Used Oil

PAHs'

8100,8310,8270

site specific"

Constituent

• VOC scan may be required where contamination
the discretion of the case manager .
•• Clean- up requirements
Note: Hydrocarbon
Contact:
E-mail:

by chlorinated

will be site- specific, after consideration

remediation

Department

of Environmental

Protocol

& Number

Cleanup

Level

or other solvents is possible or suspected. TCLP for metals may be required at
of risk according to the ASTM or other accepted risk assessment

program for both soil and groundwater

James Atchley, Arkansas
atchley@adeq

Lab Test

protocol.

is now based on ASTM E 1739

Quality, 501-682-0972

state.ar.us

Web Site: http://www.adeq.state.ar.us

California

Cleanup

Standards

Product

Parameter!
Constituent

Gasoline

TPH

for Hydrocarbon

Lab Test
Protocol & Number

Benzene
Toluene
Ethylbenzene
Xylene
HVOs
Oxygenates
Diesel

Contaminated

TPH
TRPH

·

·
·
·
·
·

·
·
·

Groundwater

Detection
Level

Notification
Level

Action
Level

Cleanup
Level

test specific

any amount

test specific

any amount

1pg/L (MCL)

site specific

test specific

any amount

150pg/L (MCL)

site specific

test specific

any amount

1750pg/L (MCL)

site specific

test specific

any amount

680pg/L (MCL)

site specific

test specific

any amount

site specific

test specific

any amount

site specific

test specific

any amount

site specific

test specific

any amount

site specific

site specific

• There is no statewide requirement for a specific laboratory test. Contact the lead agency for guidance. Note: Soil and water analyses must be
conducted by a California DHS accredited Laboratory. Contact the California DHS Environmental Laboratory Accreditation Program (ELAP) at 510540- 2800.
Note: California does not have state standard cleanup levels. Values shown are recommended action levels from the LUFT Field Manual.
levels are site specific. California has 9 Regional Water Quality Control Boards and 104 local agencies throughout the state. The Regional
Quality Control Board is generally the lead on complex unauthorized UST releases, groundwater cases and cases referred to them by the
agency. Larger implementing local agencies with staff, expertise, and Regional Water Quality Control Board concurrence may be the lead
overseeing corrective action to these cases. The jurisdiction or Regional Water Quality Control Board enforces site specific cleanup levels,
detection levels, etc. If groundwater is contaminated, often times, drinking water standards or MCL's are imposed
Contact:

Diane Trommer, California State Water Resources Control Board 916-227-4337

E-mail: trommerd@gwgate.swrcb.ca.gov
Web Site: http://www.swrcb.ca.gov

Cleanup
Water
local
in

Note: The State of Delaware is in the process of adopting a Risk Based Corrective Action (RBCA) Program, and the Actionl Cleanup levels she
below are still undergoing some revision. Please contact the UST Branch for the most up- to- date RBSLs.
Delaware Cleanup Standards
Product
Gasolinel
Gasoline

Parameter/
Aviation

Jet fuell
Kerosene

Diesel

Heating
Fuel

Used Oil

* Contact
I

Contaminated

Constituent

Groundwater

Lab Test Protocol & Number

Tier 1 Screening

Benzene

*

0.029ma/L

Toluene

*

7.3mg/L

Ethylbenzene

*

3.7mg/L

Xylenes

*

73mg/L

MTBE

*

0.18mg/L

Lead

*

0.015mg/L

EDB

*

0.00005m!:l/L

EDC

*

0.0094mg/L

Cumene

*

3.7mg/L

Naphthalene

*

0.16mg/L

Benzene

*

0.029mg/L

Toluene

*

7.3mg/L

Ethylbenzene

*

3.7mg/L

Xylenes

*

73mg/L

EDC

*

0.0094mg/L

Cumene3

*

3.7mg/L

Naphthalene

*

15mg/L

Phenanthrene

*

1.1mg/L

Benzene

*

0.029mg/L

Toluene

*

7.3mg/L

Ethylbenzene

*

3.7mg/L

Xylenes

*

73mg/L

Naphthalene

*

15mg/L

Phenanthrene

*

1.1 mg/L

Chrysene

*

0.009mg/L

Acenaphthene

*

2.2mg/L

Benzene

*

0.029mg/L

Toluene

*

7.3mg/L

Ethylbenzene

*

3.7mg/L

Xylenes

*

73mg/L

Chrysene

*

0.009mg/L

Acenaphthene

*

2.2mg/L

Naphthalene

*

15mg/L

Phenanthrene

*

1.1m!:l/L

Benzene

*

0.029mg/L

Toluene

*

7.3mg/L

Ethylbenzene

*

3.7mg/L

Xylenes

*

73mg/L

Chrysene

*

0.009mg/L

Acenaphthene

*

2.2mg/L

Naphthalene

*

Phenanthrene

*

1.1 mg/L

Lead'

*

0.015mg/L

Delaware UST Branch for required methodologies

Level at> 50ft to POE

and screening levels.

At <50ft to Point Of Exposure (POE). RBSLs to other distances up to 500ft from POE are available from the DE UST branch.

, Lead-Samples
Lead.
3

for Hydrocarbon

collected from point- of- use must be analyzed for Total Lead; samples collected from the aquifer must be analyzed for Disso

Cumene analysis is not required for Kerosene.

Contact: Patricia M. Ellis, Ph. D., Delaware Dept. of Natural Resources & Environmental
E-mail: pellis@state.de.us

Control, 302-395-2500

Florida Cleanup Standards
Parameter/
Benzene

for Hydrocarbon

Contaminated

Groundwater

Lab Test Protocol & Number
EPA 602 624 8021 8260
EPA 602 624 8021 8260

Constituent'

Ethvlbenzene
Toluene

CleanuD Level
1ua/L

EPA 602 624 8021 8260

30ua/L
40ua/L

Total Xvlenes

EPA 602 624 8021 8260

20ua/L

MTBE

EPA 602 624 8021 8260

50ua/L

Acenaohthene

EPA 610 625 8100 8270 or 8310

20ua/L

Acenaohthvlene

EPA 610 625 8100 8270 or 8310

210ua/L

Anthracene
Benzol a) anthracene

EPA 610 625 8100 8270 or 8310

2100ua/L

Benzol a) ovrene

EPA 610 625 8100 8270 or 8310
EPA610 625 8100 82700r8310

0.2ua/L
0.2ua/L

Benzol b) fluoranthene
Benzol a, h i) oervlene

EPA 610 625 8100 8270 or 8310
EPA 610 625 8100 8270 or 8310

210LJa/L

Benzol k) fluoranthene

EPA 610 625 8100 8270 or 8310

Chrvsene

EPA 610 625 8100 8270 or 8310

0.2ua/L
0.5LJa/L
4.8LJa/L

Dibenzol a h) anthracene

EPA 610 625 8100 8270 or 8310

0.2LJa/L

Fluoranthene

EPA 610 625 8100 8270 or 8310

280LJa/L

Fluorene

EPA 610 625 8100 8270 or 8310

Indenol 1 2 3- c d) ovrene
Naphthalene

EPA 610 625 8100 8270 or 8310

280LJa/L
0.2LJa/L

EPA 610 625 8100 8270 or 8310
EPA 610,625 8100 8270 or 8310

1- Methvlnaphthalene
2- Methvlnaohthalene

20LJa/L
20LJa/L
20ua/L

Phenanthrene

EPA 610 625 8100 8270 or 8310
EPA 610 625 8100 8270 or 8310

210ua/L

Pvrene

EPA610

210ua/L

1 2- dichloroethane

EPA 601 624 8021 or 8260

1 2- dibromoethane

IEDB)

625 8100 82700r8310

3ua/L

EPA 601 1 or 504 or 8011

0.02ua/L

Arsenic

EPA 200.7 206.2 206.3 6010 7060 or 7061

Cadmium
Chromium

EPA 200.7 213.1 213.26010

50ua/L
5ua/L

7130 or 7131

EPA 200.7 213.2 6010 or 7191
EPA 200.7 200.8 239.2 6010 or 7421

Lead

100ua/L
15LJa/L
5000LJa/L

TRPHs
FL- PRO
Note: The Detection Limits shall meet the specified cleanup target levels.
, with electron capture detector substituted for electrolytic
Contact: Thomas Conrardy,

Florida Department

conductivity

of Environmental

detector and 2-column confirmation

Protection, 850-488-3935

Web Site: http://www. dep. state fl.us/dwm/programs/pcp
E-mail: tom. conrardy@dep.state.fl.us

District of Columbia Cleanup Standards

for Hydrocarbon

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

GRO

EPA 8015M

Benzene

EPA 8020

Toluene

EPA 8020

Total Xylenes
Ethylbenzene
Diesel
Waste Oil

Contaminated

Groundwater

Detection
Level

Notification
Level

Action
Level>

Cleanup
Level

30Jlg/L

any amount

1000Jlg/L

1000Jlg/L

0.7Jlg/L

any amount

5Jlg/L

5Jlg/L

0.7Jlg/L

any amount

1000Jl9/L

1000Jlg/L

EPA 8020

0.7Jlg/L

any amount

EPA 8020

0.7Jlg/L

any amount

700Jlg/L

700Jl9/L

DRO

EPA 8015M

20Jlg/L

any amount

1000Jlg/L

1000Jl9/L

DRO

EPA 8015M

20Jla/L

any amount

1000Jlg/L

1000Jl9/L

* Action Levels except GRO and DRO are from the Groundwater

Protection Regulation

10, OOOJlg/L

10,OOOJlg/L

(21 DCMR Chapter 11); refer to Drinking Water Standards

or MCL.
Contact: Dr. V. Sreenivas,

Program Manager, UST Division, 202-645-6080

Georgia Cleanup Standards

for Hydrocarbon

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

Diesell Waste Oil

Contaminated

ext.3009

Groundwater
Detection
Level

Benzene

EPA 80211 8260

1.011a/L

Toluene

EPA 8021/8260

1.0Jl9/L

Cleanup
Level
5LJa/L IMCl)
1000Jlg/L (MCL)

Ethylbenzene

EPA 8021/8260

1. OJlg/L

Xvlenes

EPA 8021/8260

1. OLJa/L

1O,OOOLJa/L(MCL)

PAH constituents

EPA 8100 8270 8310

10LJa/L

MCL levels

700Jl9/L

(MCL)

Note: Cleanup levels listed are MCLs. Georgia In- Stream Water Quality Standards apply when there is no point of groundwater withdrawal within
the radii of concern. Risk- based, site- specific levels (ACLs) may be calculated and used as groundwater cleanup levels in certain circumstances.
Notification

levels are any detectable

amount.

Contact: Shaheer Muhanna, Technical

Assistance

Officer, Georgia Department

of Natural Resources,

404-362-2687

Hawaii Cleanup Standards

for Hydrocarbon

Contaminated

Groundwater

Product

Parameter!
Constituent

Lab Test
Protocol & Number

Gasoline

TPH Gasolines

EPA 5030,8015

TPH Residual Fuels

EPA 5030/8015,5030/8020,
5030/8240, 602 or 624

TPH Residual Distillates

EPA 5030/8015,5030/8020,
5030/8240, 602 or 624

Benzene

EPA 50301 8015,5030/8020,
5030/8240, 602 or 624

Ethylbenzene

EPA 50301 8015,5030/8020,
5030/8240, 602 or 624

Toluene

EPA 5030/8015, 50301 8020,
50301 8240, 602 or 624

MTBE

EPA 8260B, 8021B or 8020

TPH as Diesel

EPA 35501 8015,3510/8270,
3520/8270 or LUFT

Xylene

EPA 5030/8015,5030/8020,
5030/8240, 602 or 624

Benzene

EPA 50301 8015, 5030/8020,
5030/8240, 602 or 624

Ethylbenzene

EPA 50301 8015,5030/8020,
5030/8240, 602 or 624

Toluene

EPA 5030/8015,5030/8020,
5030/8240, 602 or 624

Acenapthene

EPA 35101 8310,3520/8310,
3510/8100,3520/8100
or 610

Naphthalene

EPA 35101 8310,3520/8310,
3510/8100,3520/8100
or 610

Fluoranthene

EPA 35101 8310,3520/8310,
35101 81 00, 35201 8100 or 61 0

Benzo( a) pyrene

EPA 35101 8310,3520/8310,
3510/8100,3520/8100
or 610

Diesel, Jet Fuel,
Kerosene, Fuel Oil

Notification
Level

or LUFT

,
,
,

,
,

NS/NS

site specific

NS/NS

site specific

NSI NS

site specific
site specific

O. 141 0.14mg/L

site specific

1/2.1 mg/L

site specific

O. 0201 202mg/L

site specific

**r*

site specific

,
,

10/10mg/L

,

0.005/1.7

,

o.

,
,
,

mg/L

site specific
site specific

141 0.14mg/L

site specific

1/2.1mg/L

site specific

O. 321 0.32mg/L

site specific

o.

24/0.77mg/L

site specific

0.013/0.013mg/L

site specific

,

,

Cleanup
Criteria

0.005/1.7mg/L

,

,

Action
Level (1)

O. 0002/0. 0002mg/L

site specific

'All spills over 25 gallons that cannot be contained and cleaned up within 24 hours.
" No cleanup criteria based on TPH: however, that does not preclude use as screening method.
(1) Drinking water resource threatened

1 Drinking water resource not threatened.

Note: NS= No Standard.
Contact: Eric Sadoyama,

Hawaii Department

of Health, Solid and Hazardous Waste Branch, 808-586-4226

Web Site: http://www.state.hi.uslhealth/eh/shwb
E-mai I: esadoyama@eha.health.state.hi.us

Idaho Cleanup Standards
Product
Gasoline

Diesel

for Hydrocarbon

Parameter!
Constituent

Contaminated

Groundwater

Lab Test
Protocol & Number

Detection
Level

Action
Level

Cleanup
Level

Benzene

EPA 8020,8240,8015,

1/lg/L

any level

site specific

site specific

Toluene

EPA 8020,8240,8015,8021

1/lg/L

any level

site specific

site specific

Ethylbenzene

EPA 8020, 8240, 8015, 8021

1/lg/L

any level

site specific

site specific

Xylenes

EPA 8020, 8240, 8015, 8021

1/lg/L

any level

site specific

site specific

Naphthalene

EPA 8020, 8240, 8015, 8021

1/lg/L

any level

site specific

site specific

MTBE

EPA 8020,8240,8015,8021

1/lg/L

any level

site specific

site specific

BTEX

EPA 8020,8240,8015,8021

1/lg/L

any level

same as gasoline

same as gasolinE

site specific

site specific

PAH

8021

Notification
Level

EPA 8100,8270,525.5

Note: Idaho has developed

a RBCA program for assessment

Contact: Bruce Wicherski,

Idaho Division of Environmental

E-mail: bwicherski@deq.state.id.us

and cleanup of petroleum contamination.
Quality, 208-373-0502

Cleanup levels are site specific.

Illinois

Cleanup

Standards

Product

Parameter/
Constituent

Gasoline

Benzene

for Hydrocarbon

Contaminated
Lab Test
Protocol
& Number

Toluene
Xylenes (total)
Other

Naphthalene

petroleum

Acenaphthene
Anthracene
Fluoranthene
Fluorene
Pyrene
Acenaphthylene
Benzo(g,h,i)

perylene

Phenanthrene
Benzo(a) anthracene
Benzo(a) pyrene
Benzo(b) fluoranthene
Benzo(k) fluoranthene
Chrysene
H) anthracene

Ideno( 1,2,3- cd) pyrene
-Any approved

Detection
Level

Notification
Level

-----------

-

Ethylbenzene

Dibenzo(a,

Groundwater
Action
Level

Cleanup
Level

any amount

0.005mg/L

site specific

any amount

0.7mg/L

site specific

any amount

1.0mg/L

site specific

any amount

10.0mg/L

site specific

any amount

0.14mg/L

site specific

any amount

0.42mg/L

site specific

any amount

2.1mg/L

site specific

any amount

0.28mg/L

site specific

any amount

0.28mg/L

site specific

any amount

0.21mg/L

site specific

0.010mg/L

any amount

0.00076mg/L

any amount

0.0064mg/L

any amount

--------

------

site specific
site specific
site specific

any amount

0.00013mg/L

site specific

any amount

0.0002mg/L

site specific

any amount

0.00018mg/L

site specific

any amount

0.00017mg/L

site specific

any amount

0.0015mg/L

site specific

any amount

0.0003mg/L

site specific

any amount

0.00043mg/L

site specific

USEPA SW- 846 method

-- Detection level is test specific unless ADL is given.
--- Any amount above ADL
Note: The Agency has adopted Risk- Based Corrective Action (RBCA) Regulations to determine cleanup objectives

if action levels are exceeded.

35 Illinois Administrative Code Part 742, Tiered Approach to Corrective Action Objectives (TACO) gives the ownerl operator the option to decide if
the Tier 1 levels are the action levels or they may choose to calculate a Tier 20r 3 cleanup objective and remediate to these levels if required.
Contact:

Eric Portz, Illinois Environmental

Protection Agency, 217-782-4869

Web Site: http://www.ipcb.state.il.us/title35/g742.htm

Indiana

Cleanup

Product

Standards

for Hydrocarbon

Parameter/
Constituent

Contaminated

Acceptable

Groundwater

Methods

Detection
Level

Notification
Level

Action
Level

Cleanup
Level

Kerosene
Gasoline,

BTEX + MTBE-

EPA 8240/60 or 524.2

5tJo/L

any amount

site specific

MCL's

Naptha, Diesel

BTEX + MTBE-

EPA 8240/60 or 524.2

5Jlg/b

any amount

site specific

MCL's

Semi-Volatile
Organics (SVOC)

EPA 8270 or 525

10Jl9/L

any amount

site specific

100Jl9/L (Total
SVOC)

Waste Oil

VOC + MTBE-

EPA 8240/60

5Jlg/L

any amount

site specific

MCL's

Total SVOC

EPA 8270

10Jlg/L

any amount

site specific

100Jl9/L

TPH

EPA418.1

1000Jl9/L

any amount

1000Jl9/L

1000Jlg/L

PCB

EPA 8080/8081

0.5Jlg/L--

any amount

site specific

MCL's

Metals---

appropriate

set by method

any amount

site specific

SW-846 method

- There is no Cleanup Level for MTBE (Methyl-tert-Butylether).
Level.

IDEM may request a site specific review to determine an appropriate

-- PCB Aroclor 1254 and 1260 detection limit must be 1.0Jl9/L
--- Metal scans must include: Barium, Cadmium, Chromium

(total), Lead, Mercury, Nickel, and Zinc.

Note: For Waste Oil, first run TPH, then if TPH >1 OOOJlg/L, run VOC, SVOC, PCB and Metals.
IDEM is currently developing
Contact:

risk-based corrective action guidance.

Jeff Turley, Indiana Department

E-mail: jturley@idem.state.in.us

of Environmental

Management,

317-308-3100

MCL's
Cleanup

Iowa has adopted the ASTM RBCA method for addressing Petroleum Contaminated sites. See Action levels, Tier 1 table below. The action level:
are used to determine when a Tier 1 investigation is required.
567-- 135. 14( 455B) Action levels. The following corrective action levels apply to petroleum regulated substances as regulated by this chapter.
These action levels shall be used to determine if further corrective action under 135.6( 455B) through 135.12( 455B) or 135. 15( 455B) is required
the result of tank closure sampling under 135.15( 2) or other analytical results submitted to the department. The contaminant concentrations must
determined by laboratory analysis as stated in 135.16( 455B). Final cleanup determination is not limited to these contaminants. The contamination
corrective action levels are:

Product
Benzen
Toluene
Ethylbenzene
X lene
Total Extractable

Hydrocarbons

1000

42
15

700

No limit

10,000

3,800

1,200

Iowa Tier 1 Look· up Table
Media

Exposure
Pathway

Groundwater
(jJg/L)

Groundwater

Soil (mgl kg)

Group 1
Receptor

Group 1
Benzene

Group 1
Toluene

Group 1
Ethylbenzene

Group 1
Xylenes

Group 2 TEH
Diesel>

Group 2 TH
Waste Oil

actual

5

1,000

700

10,000

1,200

400

Potential

290

7,300

3, 700

73,000

75,000

40,000

Groundwater
Vapor to Enclosed
Soace

all

1,540

20, 190

46,000

NA

Groundwater to
Plastic Water Line

all

290

7,300

3, 700

73,000

75,000

40,000

Surface Water

all

290

1,000

3, 700

73,000

75,000

40,000

Soil Leaching to
Groundwater

all

0.54

42

15

NA

3,800

NA

Soil Vapor to
Enclosed Space

all

1. 16

48

79

NA

47,500

NA

Soil to Plastic
Water Line

all

1.8

120

43

NA

10,500

NA

Ingestion

• Standards in the diesel column apply to all low volatile petroleum hydrocarbons
details

2,200,000

except waste oil. Refer to Appendix

NA

B (567- IAC135) for furthe

Note: NA= Not applicable. There are no limits for the chemical for the pathway, because for groundwater pathways the concentration for the
designated risk would be greater than the solubility of the pure chemical in water, and for soil pathways the concentration for the designated risl
would be greater than the soil concentration if pure chemical were present in the soil.
.
TEH: Total Extractable

Hydrocarbons.

The TEH value is based on risks from naphthalene,

Contact: Elaine Douskey, Iowa Department

of Natural Resources,

benzo( a) pyrene, benzo( a) anthracene,

and chryse

515- 281- 8011

E-mail: edouskey@max.state.ia.us

Kentucky Cleanup Standards

for Hydrocarbon

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

Benzene

Diesel

Waste Oil

Contaminated

Groundwater
,

Detection
Level

Notification
Level

Action
Level

Cleanup
Level

EPA 8240, 8260, 8020 or 8021

5pg/L

5pg/L

5pg/L

5 to 400pg/L

Toluene

EPA 8240, 8260, 8020 or 8021

1,000pg/L

1,000pg/L

1,000pg/L

1,000 to
9,400pg/L

Ethylbenzene

EPA 8240,8260,8020

or 8021

700pg/L

700pg/L

700pg/L

700 to
2400t/q/L

Xylene

EPA 8240,8260,8020

or 8021

10,000pg/L

10,000pg/L

10,000pg/L

10,000pg/L

cPAH

EPA 8100,8270

5pg/L

5pg/L

5pg/L

5pg/L

nPAH

EPA 8100, 8270 or 8310

3,000pg/L

3,000pg/L

3,000pg/L

3,000pg/L
300pg/L

or 8310

Naphthalene

EPA 8100, 8270 or 8310

300pg/L

300pg/L

300pg/L

cPAH

EPA 8100,8270

or 8310

5pg/L

5pg/L

5pg/L

nPAH

EPA 8100,8270

or 8310

3,000L/o/L

3,000L/o/L

Naphthalene

EPA 8100,8270

or 8310

300pg/L

300pg/L

300pg/L

300pg/L

Total Lead

EPA 7420,7421

or 6010

15pg/L

15pg/L

15pg/L or
established
background

15pg/L or
established
background

Contact: Lori Terry, Division of Waste Management,
E-mail: terry@nrdep.nr.state.ky.us

502- 564- 6716

3, OOOL/O/L

5pg/L
3,000L/o/L

Kansas

Cleanup

Standards

for Hydrocarbon

Contaminated

Groundwater

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

Benzene

EPA 8010,8021,8240,8260

Ethylbenzene

EPA 8010,8021,8240,8260

Diesel

Action
Level

or 8310

0.5Jl9/L

0.5Jlg/L

5Jlg/L

5Jlg/L

or 8310

68UQ/L

68JlQ/L

680UQ/L

680Jl9/L

Cleanup
Level

EPA 8010,8021,

8240, 8260 or 8310

100Jlg/L

100Jlg/L

1000Jl9/L

1000Jlg/L

Xylene

EPA 8010, 8021, 8240, 8260 or 8310

44UQ/L

44UQ/L

440UQ/L

440UQ/L

1 2-Dichloroethane

EPA 8010 8021 8240 8260 or 8310

0.5ua/L

0.5ua/L

5ua/L

5ua/L

Naphthalene

EPA 8021, 8100,8250,8270,8310,8260

14.3Jlg/L

14.3Jlg/L

143Jlg/L

143Jlg/L

a Risk-Based

Thomas Winn, Kansas Department

Maine Cleanup

Notification
Level

Toluene

Note: Kansas expects to implement
standards.
Contact:

Detection
Level

Standards

Corrective Action (RBCA) approach in 1999, but these standards will remain in place as baseline

of Health & Environment,

for Hydrocarbon

Contaminated

Groundwater

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

Benzene

524.2 or 8260

MTBE
Diesel

913-296-1684

Detection
Level

Action
Level

0.5Jl9/L

2. 5Jlg/L

5Jlg/L'

1Jl9/L

25Jlg/L

35Jlg/L'

524.2 or 8260

Cleanup
Level

Total Gasoline

GRO (4. 2.17)

10UrJ/L

25UrJ/L

50UrJ/L'

Total Fuel Oil

DRO (4.1.25)

50UQ/L

50ua/L

50ua/L'

Note: Maine DEP uses a decision tree approach to establish remediation standards. Four categories of sites are Baseline 1 (BL- 1), Baseline 2
(BL- 2), Intermediate (IN), and Stringent (ST), depending upon geologic vulnerability of site and availability of public water.
, Remediation of groundwater is required at ST sites only. The State of Maine plans to reassess its Maximum Exposure Guidelines
which the cleanup levels for Total Gasoline and Total Fuel Oil are based.
Contact:

Fred Lavallee, Maine Department

E-mail: fred.c.lavallee

Maryland

Cleanup

of Environmental

(MEGs) on

Protection, 207-287-7677

state.me.us

Standards

for Hydrocarbon

Contaminated

Groundwater

Note: There are no promulgated cleanup standards for groundwater.
Contact: Herb Meade, Maryland Department of the Environment, 410-631-3442
Web Site: http://www.mde.state.md.us
E-mail: hmeade@mde.state.md.us

Massachusetts
Product
Gasoline

Cleanup

Standards

for Hydrocarbon

Parameter/
Constituent

Lab Test
Protocol & Number

= Not
= Not

Cleanup
Level (2) AIB/C

NS

51 2000Jlg/L

51 20001 7000Jlg/L or site specific

NS

10001 6000UQ/L

10001 60001 50, OOOua/L or site specific

Ethylbenzene

NS

7001 4000ua/L

Total Xylenes

NS

60001 6000UQ/L

MtBE

NS

701 50 OOOua/L

NS

201 6000Jl9/L

MADEP VPH

4001 1OOOJlg/L

C9- C12 Aliphatic Hydrocarbons

MADEP VPH

10001 1000Jlg/L

C9- C1 0 Aromatic Hvdrocarbons

MADEP VPH

2001 4000IJo/L

7001 30 0001 4000ua/L or site specific
10,000/60001

50,OOOUQ/Lor site specific

701 50 0001 50 OOOua/L or site specific
201 60001 6000Jlg/L or site specific
4001 10001 4000Jl9/L or site specific
4000/10001

20, OOOJlg/Lor site specific

2001 SOOOI4000IJo/L or sitl'! snl'!r.ific

Naphthalene

NS

201 6000Jl9/L

201 60001 6000Jlg/L or site specific

2-Methylnapthalene

NS

101 3000Jl9/L

10/1 0, 0001 3000Jlg/L or site specific

Phenanthrene

NS

50/50Jlg/L

3001 NAI 50JlQ/L or site specific

Acenaphthene

NS

201 5000Jlg/L

201 NAI 5000Jlg/L or site specific

C9-C18 Aliphatic Hydrocarbons

MADEP EPH

C19- C36 Aliphatic Hydrocarbons

MADEP EPH

C11- C22 Aromatic Hvdrocarbons

MADEP EPH

Note: Jlg/L approximates
NA

Notification
Level (1)

Benzene

Naphthalene

NS

Groundwater

Toluene

C5- C8 Aliphatic Hydrocarbons

Diesell
#2 Fuel

Contaminated

10001 1OOOJlg/L
5000/20,OOOua/L
2001 30, OOOUrJ/L

4000/1000/20,

OOOJlQ/Lor site specific

50001 NAl20,OOOua/L or site specific
200/50

000/30,OOOUQ/L or site specific

ppb.

Specified in regulation.
Applicable

(non volatile contaminants).

(1) Two notification thresholds

have been established

depending

upon potential use of groundwater.

(2) Three generic cleanup standards have been established depending upon potential groundwater usel exposure: A- groundwater actuall potential
drinking water supply; B- where groundwater could be the source of vapor emissions to buildings; C- everywhere. Alternative levels are permissible
based upon a site- specific Risk Characterization.
Contact:

John J. Fitzgerald, Massachusetts

E-mail: john. fitzgerald@state.ma.us
Web Site: http://www.magnet.state.ma.us/dep

Dept. of Environmental

Protection, 978-661-7702

The Louisiana Department of Environmental Quality (LDEQ) has developed a Risk Evaluation/ Corrective Action Program (RECAP) to address risks to
human health and the environment posed by the release of chemical constituents to the environment. This is LDEQ's primary statutory mandate for
remediation activities. It is clear in Louisiana's Environmental Quality Act that risk to human health and the environment must be evaluated in the remedial
decision- making process.
RECAP uses risk evaluation to: (1) determine if corrective action is necessary for the protection of human health and the environment, and (2) identify
constituent levels in impacted media that do not pose unacceptable risks to human health or the environment, i. e. RECAP Standards.
RECAP consists of a tiered framework composed of a Screening Option and three Management Options. This tiered approach allows site evaluation and
corrective action efforts to be tailored to site conditions and risks. As the Management Option level increases, the approach becomes more site-specific
and, hence, the level of effort required to meet the objectives of the Option increases. Although the level of effort required for each Option varies, each
Option achieves a common goal: protection of human health and the environment.
Attached are the Screening Option tables that can be used to determine if additional evaluation and/ or corrective action is warranted. The lower of the
appropriate toxicity based value (Soil_SSni or SoiLSSi) and ground water protection value (SoiLSSGW) shall be used for soil.
See our Web Site at www.deq.state.la.usltechnologylrecap/for
additional information or contact the Remediation Services Division at (225) 765-0487 or
the Environmental Technology Division at (225) 765- 0585.
Louisiana Cleanup Standards
Compound
Acenaohthene
Acetone
Aldrin
Aniline
Anthracene
Antimonv
Arsenic
Barium
Benzene
Benz( a) anthracene
Benzo( a) pyrene
Benzo( b) fluoranthene
Benzo( k) fluoranthene
Bervllium
1,1- Biphenvl
Bis( 2- chloroethvll ether
Bis( 2- chloroisopropvll ether
Bis( 2- ethvlhexvll ohthalate
Bromodichloromethane
Bromoform
Bromomethane
Butvlbenzvlohthalate
Cadmium
Carbon Disulfide
Carbon Tetrachloride
Chlordane
p- Chloroaniline
Chlorobenzene
Chlorodibromomethane
Chloroethane (Ethylchloride)
Chloroform
Chloromethane
2- Chloronaphthalene
2- Chlorophenol
Chromium( III)
Chromium( VI)
Chrvsene
Cobalt
Coooer
Cyanide (free)
DDD
DOE
DOT
Dibenz( a, h) anthracene
Dibenzofuran
1,2- Dibromo-3-chloropropane
1,2- Dichlorobenzene

for Contaminated

GW SS·
mCitL
0.037
0.061
0.00004
0.012
0.043
0.0006
0.05
2
0.005
0.0002
0.0002
0.0002
0.0008
0.004
0.03
0.01
0.01
0.01
0.1
O. 1
0.00087
0.73
0.005
0.1
0.005
0.002
0.015
0.1
0.1
0.86
0.1
0.0015
0.049
0.003
37
0.18
0.0016
0.22
1.3
0.2
0.00028
0.0002
0.0002
0.01
0.0024
0.0002
0.6

Groundwater

note

Compound

N
N
Q
C
W
MCL
MCL
MCL
MCL
Q
MCL
Q
W
MCL
N
Q
Q
Q
MCL
MCL
N
N
MCL
N
MCL
MCL
N
MCL
MCL
N
MCL
C
N
N
N
N
W
N
MCL
MCL
C
C
C
Q
N
Q
MCL

1,3- Dichlorobenzene
1,4- Dichlorobenzene
3,3- Dichlorobenzidine
1,1- Dichloroethane
1,2- Dichloroethane
1,1- Dichloroethene (mixture)
cis- 1,2- Dichloroethene
trans- 1,2- Dichloroethene
2,4- Dichloroohenol
1,2- Dichloropropane
1,3- Dichloroprooene
Dieldrin
Diethylphthalate
2,4- Dimethvlphenol
Dimethylphthalate
Di- n- octvlphthalate
1,3- Dinitrobenzene
2,4- Dinitrophenol
2,6- Dinitrotoluene
2,4- Dinitrotoluene
Dinoseb
Endosulfan
Endrin
Ethvlbenzene
Fluoranthene
Fluorene
Heptachlor
Heptachlorepoxide
Hexachlorobenzene
Hexachlorobutadiene
alpha-Hexachlorocvclohexane
beta-Hexachlorocvclohexane
Qamma-Hexachlorocvclohexan
Hexachlorocyclopentadiene
Hexachloroethane
Indeno( 1,2, 3- cd) pyrene
Isobutvlalcohol
Isophorone
Lead (inorQanic)
Mercury (inorganic)
Methoxvchlor
Methylenechloride
Methvlethvlketone
Methylisobutvlketone
MTBE
Naphthalene
Nickel

* GW_SS- GroundwaterScreeningStandardprotectiveof a currentor potentialpublic
watersupply
A - Basedon algorithmcontainedin AppendixH
B - Basedon EPA'sbiokineticandadult leadcleanuplevelmodelsfor lead
C - Basedon carcinogenichealtheffects
I - TPHStandardsareonly applicablewhen usedin conjunctionwith Standardsfor indicator
compounds
L - Soil levelprotectiveof groundwaterfor inorganicconstituentsbasedon leachability
L1 - Soil levelprotectiveof groundwaterfor inorganicconstituentsbasedon GW1 because
TCLPvaluenot listed
M - Basedon EPA'sMaximumContaminantLevel(MCL)for drinkingwater
N - Basedon non- carcinogenichealtheffects
Ceilingvaluebasedon aestheticconsiderations

o-

40 April/May

2000 Soil Sediment & Groundwater

GW SS·
mQIL
0.18
0.075
0.02
0.081
0.005
0.007
0.07
0.1
0.011
0.005
0.005
0.00002
2.9
.073
37
0.02
0.01
0.0073
0.0037
0.0073
0.007
0.022
0.002
0.7
0.15
0.024
0.0004
0.0002
0.001
0.00085
0.00003
0.000006
0.0002
0.05
0.00079
0.0004
1.1
0.07
0.015
0.002
0.04
0.005
0.19
0.016
0.018
0.01
0.1

note

Compound

N
MCL
Q
N
MCL
MCL
MCL
MCL
N
MCL
Q
Q
N
N
N
W
Q
N
N
N
MCL
N
MCL
MCL
N
N
MCL
MCL
MCL
C
Q
Q
MCL
MCL
C
Q
N
C
MCL
MCL
MCL
Q
N
N
N
Q
MCL

Nitrate
Nitrite
2- Nitroaniline
3- Nitroaniline
4- Nitroaniline
Nitrobenzene
4- Nitrophenol
n- Nitrosodi- n- oroovlamine
N- nitrosodiphenvlamine
Pentachlorophenol
Phenol
PCBs
Pyrene
Selenium
Silver
Styrene
1,2,4, 5-Tetrachlorobenzene
1,1 ,1, 2- Tetrachloroethane
1,1,2, 2- Tetrachloroethane
Tetrachloroethvlene
2,3,4, 6- Tetrachloroohenol
Thallium
Toluene
Nitrite
2- Nitroaniline
3- Nitroaniline
4- Nitroaniline
Nitrobenzene
4- Nitrophenol
n- Nitrosodi- n- propvlamine
N- nitrosodiphenvlamine
Pentachlorophenol
Phenol
PCBs
pyrene
Selenium
Silver
Styrene
1,2,4, 5-Tetrachlorobenzene
1,1,1, 2- Tetrachloroethane
1,1,2, 2- Tetrachloroethane
Tetrachloroethvlene
2,3,4, 6- Tetrachlorophenol
Thallium
Toluene
TPH-G
TPH-D
TPH-O

GW SS'
mCitL
10
1
0.05
0.0018
.011
0.01
0.029
0.01
0.014
0.001
0.37
0.0005
0.018
0.05
0.018
0.1
0.0011
0.005
0.0005
0.005
0.11
0.002
1
1
0.05
0.0018
0.011
0.01
0.029
0.01
0.014
0.001
0.37
0.0005
0.018
0.05
0.018
0.1
0.0011
0.005
0.0005
0.005
0.11
0.002
1
0.15
0.15
0.15

P - Soil SaturationLimit is lessthan healthbasedlevelthus defaultto soil saturatio
Q - Basedon analyticalquantitationlimit
S - Soil levelprotectiveof groundwaterfor inorganicconstituentsbasedon the ma
concentrationfor the beneficialuse 0 f sewagesludge
T - TPHshall not exceed10,000
W - Solubilitylimit is lessthan healthbasedlimit thus defaultto solubility limit
Contact:SteveChustz,LouisianaDepartmentof EnvironmentalQuality,Officeof
EnvironmentalAssessment,225-765-0624
E-mail: stevec@deq.state.la.us
Web Site: www.deq.state.la.us/technology/recap/
Foradditionalinformationvisit the Web Siteor contactthe RemediationServicesI
(225) 765-0487 or the EnvironmentalTechnologyDivisionat (225) 765-0585.

Michigan Cleanup Standards

for Hydrocarbon

Contaminated

Notification
Level

Action
Level

EPA 8260, 8021, Applicable 500 Series
Drinking Water Methods, Applicable
CLP Methods, Applicable Standard
Method Procedures

1tJg/L

> Residential

same as
Cleanup Criteria

5/5tJg/L

EPA 8260, 8021, Applicable 500 Series
Drinking Water Methods, Applicable
CLP Methods, Applicable Standard
Method Procedures

1tJg/L

same as
Cleanup Criteria

7901 790tJg/L

EPA 8260, 8021, Applicable 500 Series
Drinking Water Methods, Applicable
CLP Methods, Applicable Standard
Method Procedures

1tJg/L

same as
Cleanup Criteria

741 74tJg/L

EPA 8260, 8021, Applicable 500 Series
Drinking Water Methods, Applicable
CLP Methods, Applicable Standard
Method Procedures

3tJgIL

same as
Cleanup Criteria

2801 280tJ9/L

EPA 8021, 8240A, 8260A

5tJg/L'

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

Benzene(c)

Toluene(b)

Ethylbenzene(b

Xylenes(b)

Premium Gas

MTBE(b)

Groundwater
Detection
Level

Product

Criterion

> Residential
Criterion

> Residential
Criterion

> Residential
Criterion

> Residential
Criterion

Leaded Gas

Lead (a)

8 listed methods

3tJgIL

> Residential
Criterion

Diesel

BTEX

Cleanup Level
ResidentiaV
Industrial-Commercial

same as
Cleanuo Criteria

40/4°tJ9/L

same as
Cleanup Criteria

4/4tJgIL

EPA 8260, 8021, Applicable 500 Series
Drinking Water Methods, Applicable
CLP Methods, Applicable Standard
Method Procedures

EPA 8270, 8041, Applicable 500 Series
> Residential
same as
varies by component
5tJg/L
Cleanup Criteria
Drinking Water Methods, Applicable
Criterion
CLP Methods, Applicable Standard
Method Procedures
a Health based drinking water value.
b Aesthetic drinking water value.
c State drinking water standard
• Acceptable methods for determining PAH compounds are below MDLs of OM# 6 when neither petroleum hydrocarbons nor PAHs are present. If
present, other
PAH methods such as 8270 or 831 should be used.
Note: Alternative Cleanup Criteria may be available under certain circumstances.
Contact: Christine Flaga, Michigan Department of Environmental Quality, Environmental Response Division, 517- 373- 0160
E-mail: flagac@ deq. state. mi. us
PAHs'

°

Minnesota

Cleanup Standards

for Hydrocarbon

Contaminated

Groundwater

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Notification
Level

Action
Level

Cleanup
Level

Gasoline

TPH
VOCs

Wisconsin DNR GRO
Purae & Trao GC

any amount
anvamount

site specific'"
site soecific"

site specific'"
site soecific"

Diesel

TPH
VOCs

Wisconsin DNR DRO
Purge & Trap GC

any amount
any amount

site specific'"
site specific"

site specific'"
site specific"

Waste Oil'

TPH
Wisconsin DNR DRO
any amount
site specific'"
site soecific"
VOCs
Purae & Trao GC
anvamount
• Defined as virgin oil that is discarded before use .
•• Based on size & stability of plume, occurrence of natural biodegradation, aquifer characterization & risk assessment.
to MN Dept. of
Health's Health Risk Limits for drinking water .
••• In most cases, Action and Cleanup levels in groundwater are based on VOC levels.
Contact: Jim Lundy, Minnesota Pollution Control Agency, 612- 296- 7358
E-mail: jim. lundy pca.state.mn.us
Web Site: http://www.pca.state.mn.us/programs/Lust_
p.html
Mississippi

Cleanup Standards

for Hydrocarbon

Contaminated

Action
Level

any amount

18mg/L or more

Lab Test
Protocol & Number

Gasoline

BTEX

EPA 602,624,8020,8240,8260

Diesel

TPH or
PAHs

EPA 418.1
EPA 8100,8270,8310

MDL
MDL

any amount
any amount

Waste Oil

TPH or
PAHs

EPA418.1
EPA 8100,8270,8310

MDL
MDL

any amount
any amount

Toluene- 0.1tJg/L,

Ethylbenzene-

Contact: Martha Martin, Mississippi

Detection
Level

Notification
Level

Parameter/
Constituent

• Benzene- 0.09tJg/L,

0.05tJg/L,

.

m- & p- Xylene- 0.1tJg/L.

receptors present.

Underground

Cleanup goals are related

Groundwater

Product

•• 18mg/L or less if no sensitive environmental

site specific'"
site soecific"

Storage Tank Division, 601- 961- 5171

....
....

Cleanup
Level

..
....
....

I

Missouri Cleanup Standards

for Hydrocarbon

Contaminated
Groundwater

Anal te*

I

Groundwater
Cleanu

Level

Level

/L

/L

Benzene

50

Toluene

150Jig/L

150Jig/L

50

Ethylbenzene

320Jig/L

320Jig/L

Xylenes

320Jig/L

320Jig/L

Total BTEX

750Jig/L
10000

TPH
MTBE

/L

10000

400Jig/L

40Jig/L

**

**

PAHs
* Detection

750Jig/L
/L

r

Limits must be at or lower than Cleanup Standard for any given Analyte.

** Any PAH analytical

result above the Detection Limit will be evaluated on a case-by-case

Contact: Kristine Ricketts, Missouri Department

of Natural Resources,

basis.

573-751-6822

E-mail: hazwaste@mail.state.mo.us
Web Site: http://www.dnr.state.mo.us/deq/hwp/tanks.htm

I
TIER 1 - GROUNDWATER

RSBLs AND STANDARDS

TABLE

This table applies to groundwater and consists of WQB- 7 Human Health Standards (HHSs), where available. For compounds without WQB- 7
HHSs, DEQ has developed RBSLs and included them in the table. Surface water impacts require a minimum of Tier 2 evaluation.
Chemical

Effect

For Gasoline and Li

drocarbons

measured

usin

Groundwater

Basis
the Massachusetts

Standard or RBSL

Method for Volatile Petroleum

H drocarbons

C5- C8 aliphatic

n

rb

350

C9- C12 aliphatic

n

bu

1000

C9- C1 0 aromatic

n

rb

100

MTBE

n

hhs

30

Benzene

c

hhs

5

Toluene

n

hhs

1000

Ethylbenzene

n

hhs

700

Xylenes

n

hhs

10000

n

Na hthalene
For Diesel and Heavy Hydrocarbons

measured

hhs

using the Massachusetts

28

Method for Extractable

Petroleum

Hydrocarbons

C9- C18 aliphatic

n

bu

1000

C19- C36 aliphatic

n

bu

1000

C 11- C22 aromatic

n

rb

1000

Total Extractable

n

rb

1000

Acenaphthene

n

hhs

420

Anthracene

n

hhs

Benz(a) anthracene

c

hhs

2100
0.48

Benzo(a) pyrene

c

hhs

Benzo(b) fluoranthene

c

hhs

0.048
0.48

Benzo(k) fluoranthene

c

hhs

4.79

Chrysene

c

hhs

48

c

hhs

0.048

Fluoranthene

n

hhs

280

Fluorene

n

hhs

Indeno( 1,2, 3-cd) pyrene

c

hhs

280
0.48

Naphthalene

n

hhs

28

Pyrene

n

hhs

210

Dibenzo(a)

Hydrocarbons

anthracene

Notes:
E= Effect is either: n= noncarcinogenic
c= carcinogenic

and direct contact RBSLs are based on hazard quotient of 1 or

and direct contact RBSLs are based on a cancer risk of 1x1 0 -5 .

B= Basis is the most conservative

of: rb= risk- based screening level;

hhs= WQB- 7 Human Health Standard
bu= adversely affects beneficial uses (foul odor or taste).
DEQs RBCA policy includes a ceiling concentration
Contact: Scott Gestring, Montana Department

of 1000 m g/L total petroleum hydrocarbons.

of Environmental

Quality, 406-444-1388

Web Site: http://www.state.mt.us
E-mail: sgestring@state.mt.us
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Nebraska Cleanup Standards

for Hydrocarbon

Contaminated

Groundwater

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

Benzene

EPA 8021,8020,8240,8260,602,624

:s; cleanup level

any amount

5Jig/L

Toluene

EPA 8021,8020,8240,8260,602,624

:s; cleanup level

any amount

1000Jig/L

Diesel

Detection
Level

Notification
Level

Cleanup
Level-

Ethylbenzene

EPA8021,8020,8240,8260,602,624

:s; cleanup level

any amount

7000Jig/L

Xylenes

EPA 8021,8020,8240,8260,602,624

:s; cleanup level

any amount

10,000Ji9/L

TRPH

EPA 418.1, OA2

:s; cleanup level

any amount

2000Jig/L

Benzene

EPA 8021,8020,8240,8260,

602, 624

:s; cleanup

level

any amount

Toluene

EPA 8021,8020,8240,

8260, 602, 624

:s; cleanup

level

. any amount

1000Ji9/L

Ethylbenzene

EPA 8021, 8020, 8240, 8260, 602, 624

:s; cleanup

level

any amount

7000Ji9/L

5Jig/L

Xylenes

EPA 8021,8020,8240,8260,602,624

:s; cleanup level

any amount

10,000Ji9/L

TRPH

EPA 418.1, OA2

:s; cleanup

level

any amount

2000pq/L

Waste Oil*

TRPH

EPA418.1,

:s; cleanup level

any amount

2000Jig/L

* Groundwater

cleanup is required on a site specific basis to the above levels.

OA2

Contact: Nancy Mann, Nebraska Department

of Environmental

Quality, 402-471-4230

Web Site: http://www.deq.state.ne.us

Nevada Cleanup Standards
Product
Gasoline**

Diesel

Waste Oil

for Hydrocarbon

Contaminated

Parameter/
Constituent

Lab Test
Protocol & Number

Groundwater
Detection
Level

Notification
Level

> 25 gallons or 3 cubic yards

Action
Level

Cleanup
Level

Benzene

EPA 624*

1Jig/L

5Jig/L

5Jig/L

Toluene

EPA 624*

1Jig/L

1mg/L

1mg/L

Ethylbenzene

EPA 624*

1Ji9/L

0.7mg/L

0.7mg/L

Xylene

EPA 624*

1Jig/L

10mg/L

10mg/L

Benzene

EPA 624*

1pq/L

Toluene

EPA 624*

Ethylbenzene

> 25 qallons or 3 cubic yards

5pq/L

5pq/L

1Ji9/L

1mg/L

1mq/L

EPA 624*

1pq/L

0.7mq/L

0.7mq/L

Xvlene

EPA 624*

1uo/L

10mo/L

10mq/L

BTEX

EPA 624*

1Jig/L

same as above

same as above

> 25 gallons or 3 cubic yards

*Other EPA approved methods are also acceptable for use.
** Interim Action Levels for MTBE are 20Jig/L or 200Jig/L for a site, depending

on receptors and potential risk.

Note: Action and cleanup levels are MCLs
Contact: Todd Croft, Nevada Department

New Hampshire

Cleanup Standards

of Conservation

for Hydrocarbon

and Natural Resources, 702-486-2871

Contaminated

Product

Parameter/
Constituent

Gasoline

Benzene

*

Ethylbenzene

*

Toluene

*

Xylenes

*

MTBE

*

No's 2,4,5,6 Fuel Oil

Benzene

and Diesel

Groundwater
Notification
Level

Action
Level

test specific

same as Cleanup Level

site specific

5Jig/L

test specific

same as Cleanup Level

site specific

700Jig/L

test specific

same as Cleanup Level

site specific

1000Ji9/L

test specific

same as Cleanup Level

site specific

10, OOOJiq/L

test specific

same as Cleanup Level

site specific

70Jig/L

**

test specific

same as Cleanup Level

site specific

5uo/L

Ethylbenzene

**

test specific

same as Cleanup Level

site specific

700Jig/L

Toluene

**

test specific

same as Cleanup Level

site specific

1000Ji9/L

Xylenes

**

test specific

same as Cleanup Level

site specific

10,000Jig/L

MTBE

**

test specific

same as Cleanup Level

site specific

70Ji9/L

Benzo( a) pyrene

**

test specific

same as Cleanup Level

site specific

0.2Jig/L

Naphthalene

**

test specific

same as Cleanup Level

site specific

20Jig/L

Lab Test
Protocol & Number

Detection
Level

* Initially EPA 8260 plus MTBE; all other samples EPA 8020 plus MTBE, or 8240 plus MTBE, or 8260 plus MTBE.
** Initially EPA 8260 and 8270/8310;

all other samples EPA 8020, 8240, 8260 or 82701 831O.

Contact: Gary Lynn, P. E., New Hampshire

Department

of Environmental

Services, 603-271-6778

Cleanup
Level

New Jersey Cleanup Standards

for Hydrocarbon

Contaminated

Detection
Level

Notification
Level

Cleanup
Level

EPA 524.2

test specific

any amount

1Jl9/L

Toluene

EPA 524.2

test specific

any amount

1000Jl9/L

Ethylbenzene

EPA 524.2

test specific

any amount

700Jl9/L

Xylene

EPA 524.2

test specific

any amount

1000Jl9/L

MTBE

EPA 524.2

test specific

any amount

70Jlg/L

TBA

EPA 524.2

test specific

any amount

100Jlg/L

Naphthalene

EPA 524.2

test specific

any amount

300Jlg/L

Lead

not specified

test specific

any amount

10Jlg/L

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

Benzene

Diesel
'Higher

Groundwater

same as for gasoline
of Groundwater

Quality Criteria or Practical Quantitation

Contact: David Sweeney, New Jersey Department

Limit.

of Environmental

Protection Site Remediation

Program, 609- 292- 8427

Web Site: http://www.state.nj.us/dep/srp/index.htm

New Mexico Cleanup Standards
Product
Gasoline

Diesel

for Hydrocarbon

Parameter/
Constituent

Contaminated

Lab Test
Protocol & Number

Detection
Level

Cleanup
Level

Benzene

EPA 8021 or 8260

0.001mg/L

0.01mg/L

0.01mg/L

EPA 8021

0.075mg/L

0.75mg/L

0.75mg/L

Ethylbenzene

EPA 8021

0.075mg/L

0.75mg/L

O.75mg/L

Xylenes (Total)

EPA 8021

0.062mg/L

0.62mg/L

0.62mg/L

MTBE

EPA 8021

0.01mg/L

0.1 mg/L

0.1 mg/L

Naphthalene

EPA 8310

< 30Jl9/L

0.03mg/L

0.03mg/L

Benzo(a)pyrene

EPA 8310

< 0.7Jlg/L

0.0007mg/L

0.0007mg/L

E-mail: steve - reuter@nmenv.state.nm.us

New York Cleanup Standards

Department,

505- 827- 0173

Web Site: http://www.nmenv.state.nm.us/ustlustbtop.html

for Hydrocarbon

Contaminated

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

Benzene

Waste Oil

Action
Level

Toluene

Contact: Steve Reuter, New Mexico Environment

Diesel

Groundwater

Groundwater
Detection
Level

Notification
Level

Action
Level

EPA 8021,8020

1Jl9/L

any amount

0.7Jl9/L

Ethylbenzene

EPA 8021,8020

1Jl9/L

any amount

5Jlg/L

Toluene

EPA 8021,8020

1Jlg/L

any amount

5Jlg/L

Xylene

EPA 8021,8020

any amount

5Jlg/L

MTBE

EPA 8021,8020

other compounds
listed in STARS #1

EPA 8021

Naphthalene

EPA 8021,8020

Anthracene

,2Jlg/L

any amount

50Jlg/L

compound
specific

any amount

compound
specific

1Jlg/L or 6Jlg/L

any amount

10Jlg/L

EPA 8270

8Jlg/L

any amount

50Jlg/L

Fluorene

EPA 8270

8Jlg/L

any amount

50Jl9/L

Pyrene

EPA 8270

8Jlg/L

any amount

50Jlg/L

other compounds
listed in STARS #1

EPA 8021 or 8270

compound
specific

any amount

compound
specific

PCBs

EPA 8270

compound
specific

Halogenated Organics
see Diesel parameter

EPA 8021

compound
specific

, Action Level or, when not achievable,

1Jlg/L

site specific.

Contact: Frank Peduto, New York Department

of Environmental

Conservation,

518- 457- 9412

Cleanup
Level

,
,
,

,
,
Action Level, or when
not achievable, site specific

,
,
,

,
Action Level, or when
not achievable, site specific

North Carolina Cleanup Standards

for Hydrocarbon

Product

Contaminated

Parameter/
Constituent

Groundwater

Lab Test
Protocol & Number

Reportable
Concentration

Gross
Contamination

Low Boiling Point Fuels
(gasoline, aviation gasoline,
gasohol, etc.)

*

SM 6210D + IPE & MTBE or
EPA 601/602 + IPE, MTBE & Xylenes
and MADEP VHP and EPA 504.1**
SM 3030C (prep)

>MDL

*

Mediuml High Boiling Point
Fuels (kerosene, diesel, varsol,
mineral spirits, naphtha, jet
fuels, fuel oil #2, etc.)

*

EPA 602 + Xylenes
and MADEP VPH
and EPA 625**** + 10 largest non- target peaks
and MADEP EPH

>MDL

*

Heavy Fuels (# 4, #5, #6 fuel
oils, hydraulic fluid, etc.)

*

EPA 625**** + 10 largest non- target peaks
and MADEP EPH

>MDL

*

Usedl Waste Oil

*

SM
and
and
and
and

>MDL

*

6210D
MADEP VPH
EPA 625**** + 10 largest non- target peaks
MADEP EPH
SM 3030C (prep)***

Level

*Contact UST section of North Carolina Department of Natural Resources, Division of Waste Management or view Volume II of the Groundwater
Section Guidelines for the Investigation and Remediation of Soil and Groundwater at http://ust.ehnr.state.nc.us/
for soil parameters and standards.
** Identify EDB initially and at closure.
*** Conditions

1) total holding time= 72h 2) use 0.45pm filter

**** Once the contaminants

have been identified by GCI MS, more economical

Contact: Burrie vD. Boshoff, North Carolina Division of Waste Management,

compound

specific methods may be used.

919-733-1300

Web Site: http://ust.ehnr.state.nc.us

North Dakota Cleanup Standards
Product
Gasoline

for Hydrocarbon

Contaminated

Parameter/
Constituent

Lab Test
Protocol & Number

Benzene
Toluene

Groundwater

Detection
Level

Notification
Level

Action
Level

EPA 524.2

0.5pq/L

any amount

5pq/L

site specific

EPA 524.2

0.5pg/L

any amount

5pg/L

site specific

Cleanup
Level

Ethylbenzene

EPA 524.2

0.5pq/L

any amount

5pq/L

site specific

Xylenes

EPA 524.2

0.5pg/L

any amount

5pg/L

site specific

site specific

Diesel

TRPH

EPA 418.1

1mg/L

Waste Oil

Lead

EPA 239.2

0.2pg/L

site specific

Chromium

EPA 218.2

0.2pg/L

site specific

Cadmium

EPA 213.2

0.2pg/L

site specific

Contact: Dave Glatt, North Dakota State Department

of Health, 701-328-5217

E-mail: dglatt@state.nd.us
Web Site: http://www.health.state.nd.us

Ohio Cleanup Standards
Product
Gasoline

Diesel

Waste Oil

for Hydrocarbon

Contaminated

Parameter/
Constituent

Lab Test
Protocol & Number

Benzene
Toluene

Groundwater
Detection
Level

Notification
Level

Action
Level

Cleanup
Level

EPA 602

method specific

any amount

0.005mg/L

site specific

EPA 602

method specific

any amount

12mg/L

site specific
site specific

Ethylbenzene

EPA 602

method specific

any amount

0.700mg/L

Total Xylenes

EPA 602

method specific

any amount

10mg/L

site specific

TPH

none specified

none specified

none specified

none specified

none specified

Benzene

EPA 602

method specific

any amount

0.005mg/L

site specific

Toluene

EPA 602

method specific

any amount

12mg/L

site specific

Ethylbenzene

EPA 602

method specific

any amount

0.700mg/L

site specific

Total Xylenes

EPA 602

method specific

any amount

10mg/L

site specific

PAHs

EPA 610

method specific

any amount

site specific

site specific

TPH

none specified

none specified

none specified

none specified

none specified

VOAs

EPA 624

method specific

any amount

site specific

site specific

Contact: Vern Ward, Ohio Department

of Commerce,

614-752-7095

Oklahoma

Cleanup Standards

for Hydrocarbon

Contaminated

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline, Diesel
and Kerosene

TPH

Detection
Level

Notification
Level

Action
Level

EPA 8015

1mg/L

any amount above
Action Level

> 2mg/L

site specific I
standard

Benzene

EPA 8015

1mg/L

any amount above
Action Level

> 0.005mg/L

site specific f
standard

Toluene

EPA 8015

1mg/L

any amount above
Action Level

> 1.0mg/L

site specific f
standard

Ethylbenzene

EPA 8015

1mg/L

any amount above
Action Level

> 0.7mg/L

site specific F
standard

Xylenes

EPA 8020

1mg/L any

amount above
Action Level

> 10.0mg/L

site specific F
standard

Note: Oklahoma uses a Remediation
, Whatever
TPH.

Groundwater

Index in determining

Cieanul
Level

cleanup standards on a site- by- site basis.

method is specified must be able to detect the most stringent cleanup levels. EPA Method 418.1 is not an accepted testing meth

Contact: Dick Oppel, Oklahoma Corporation

Oregon Cleanup Standards

Commission,

for Hydrocarbon

Underground

Contaminated

Storage Tank Program, 405-522-5264

Groundwater

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Notification
Level

Cleanup
Level

Gasoline

BTEX

SW- 846 Methods or Departmentapproved alternatives

any amount

site specific'

PAHs SW- 846

Methods or Departmentapproved alternatives

any amount

site specific'

MTBE SW- 846

Methods or Departmentapproved alternatives

any amount

site specific'

1,2- Dibromoethane

SW- 846 Methods or Departmentapproved alternatives

any amount

site specific'

1,2- Dichlorethane

SW- 846 Methods or Departmentapproved alternatives

any amount

site specific'

Lead

SW- 846 Methods or Departmentapproved alternatives

any amount

site specific'

BTEX

SW- 846 Methods or Departmentapproved alternatives

any amount

site specific'

PAHs

SW- 846 Methods or Departmentapproved alternatives

any amount

site specific'

BTEX

SW- 846 Methods or Departmentapproved alternatives

any amount

site specific'

PAHs

SW- 846 Methods or Departmentapproved alternatives

any amount

site specific'

PCBs

SW- 846 Methods or Departmentapproved alternatives

any amount

site specific'

SW- 846 Methods or Departmentapproved alternatives

any amount

site specific'

any amount

site specific'

Diesel

Waste
Oil

Chlorinated

Solvents

Lead, Cadmium,
Chromium
'Note: Oregon's
sites;

SW- 846 Methods or Departmentapproved alternatives

UST Cleanup Rules (OAR 340-122-0205

1) soil contamination

may be remediated

to site-specific

2) the site may be shown to meet a set of "Low-impact

through 340-122-0360)

provide responsible

parties with four options for remediatin

TPH levels,
Site" requirements,

3) the site may be remediated to risk- based concentrations (RBCs) which may be either generic standards taken from Department
site- specific standards developed by the responsible party or
4) the site may be shown to meet the requirements

of an applicable generic remedy developed

guidance,

by the Department.

The TPH numbers in the table above only apply to option 1). Cleanup levels for individual constituents are risk- based and depend on site- sp
exposure pathways. The Department has developed generic risk-based concentrations, but there are too many to list in this table. All risk- ba~
standards must meet statutory requirements of 1-in-a-miliion excess cancer risk for carcinogens and a hazard index of one for noncarcinogen
Contact: Michael Anderson,
E-mail: anderson.

Oregon Department

of Environmental

michael.r@deq.state.or.us

Web Site: http://www.deq.state.or.us/wmc/tanklust-Iust.htm

Quality, 503-229-6764

Rhode Island Standards for Hydrocarbon

Contaminated

Product

Parameter/
Constituent

Lab Test c
Protocol & Number

Groundwater

a Groundwater

Objectives

(GA and GB) b

Gasoline

Benzene

EPA 8021 or 8260

Toluene

EPA 8021 or 8260

1mg/ L

1, 7mg/ L

Ethylbenzene

EPA 8021 or 8260

0,7mg/ L

1, 6mg/ L

Xylenes (Total)

EPA 8021 or 8260

10mg/ L

not specified

MTBE

EPA 8021 or 8260

0,04mg/ L

Cleanup Level",·,h
GA Groundwater

Cleanup Level"
GB Groundwater

0,005mg/ L

0, 14mg/ L

5mg/ L

Naphthalene

EPA 8021, 8260 or 8270

Diesel

BTEX

same as gasoline

0.02mg/ L

not specified

same as gasoline

same as gasoline

Naphthalene

same as gasoline

same as gasoline

same as gasoline

Waste Oil

All VOCs

EPA 8021 or 8260

See full VOC list in
Remediation
Rp.nLJI8tinn~

See full VOC list in
Remediation
Rp.nLJI8tinn~

• These Groundwater Objectives for contaminated groundwater are applicable to sites managed under the RIDEM Rules and Regulations for the
Investigation and Remediation of Hazardous Material Releases (Remediation Regulations), as amended August 1996, as well as to sites managed
by the RIDEM Leaking Underground Storage Tank (LUST) Program.
Groundwater classified as GA is presumed to be suitable for use as drinking water without treatment.
to be degraded and not suitable for use as drinking water without treatment.

b

c

Preferred lab analytical test methods are recommended

" The reportable concentrations

for groundwater

in the Remediation

Regulations,

Groundwater

but not specifically

classified as GB is presumed

required,

are the same as the soil cleanup levels,

• The presence of non- aqueous phase liquids (NAPL) in groundwater is considered to exceed the RIDEM Upper Concentration
is required. Dissolved concentrations are determined only after NAPL removal is completed.
f Waste
oil contaminated
for.

groundwater

being managed under the RIDEM RCRA program may require that additional analytical parameters

Site managed under the Site Remediation
Regulations.

g

Site Remediation

Program must also meet all applicable GA or GB Groundwater

Contact: Warren Angell II, Rhode Island Department

South Carolina Cleanup Standards

for Hydrocarbon

Management,

listed in the Remediation

401-222-2797

Groundwater
Notification
Level

EPA 5030B w/ 8021 B or 8260B

5pg/L

any amount

Naphthalene

EPA 5030B w/ 8021 B or 8260B

5pg/L

MTBE

EPA 5030B w/ 8021 B or 8260B

5pg/L

EDB

EPA 5030B w/ 8021 B or 8260B

5pg/L

any amount

5pg/L

site specific/ risk

other PAH

EPA 3510C w/ 8100, 8270C or 8310C

10pg/L

any amount

25pg/L

site specific/ risk

TPH

EPA 9070

10mg/L

any amount

Pb

EPA 7421

5pg/L

any amount

Hg

EPA 7470

0.2pg/L

any amount

As

EPA 7060A

5pg/L

any amount

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline,

BTEX

Diesel,

Waste Oil

Contaminated

of Environmental

Objectives

be tested

Detection
Level

Product

Kerosene

Limits and removal

Action
Level

Cleanup
Level

any amount

25pg/L

site specific/ risk

any amount

40pg/L

site specific/ risk

same as gasoline

Ba

EPA 6010B

50pg/L

any amount

Cd

EPA 7131A

0,1pg/L

any amount

Cr

EPA 7191

5pg/L

any amount

Se

EPA 7740

5pg/L

any amount

EPA 7761

5pg/L

any amount

Ag
• EPA Maximum Contaminant

Level

•• No action or cleanup levels. TPH is used solely to determine
••• Best obtainable

necessity of performing expanded analyses .

reporting level, necessity of action based on comparison

Contact: Read Miner, South Carolina Department
E-mail: minerrs@columb26.dhec.state.sc.us
Web Site: http://www,state.sc,us/dhec/usthome

of Health & Environmental

with background.
Control, 803-898-4349

.

site specific/ risk

..

..

...
...

site specific/ risk

...

...
...
...
...

...

site specific/ risk
site specific/ risk
site specific/ risk
site specific/ risk
site specific/ risk
site specific/ risk
site specific/ risk

South Dakota Cleanup'

Standards for Hydrocarbon

Product

Parameter!
Constituent

Gasoline

Ethylbenzene

...

...
...
...
...
...
...

Benzene
Toluene
Xylene
TPH
Diesel

TPH

Waste Oil

TPH*'

Contaminated

Lab Test
Protocol & Number

• South Dakota does not specifically
such .

refer to the groundwater

Groundwater

Detection
Level

Notification
Level

Action
Level

Cleanup
Level

0.7mg/L

0.7mg/L

0.7mg/L

0.7mg/L

0.005mg/L

0.005mg/L

0.005mg/L

0.005mg/L

1mg/L

1mg/L

1mg/L

1mg/L

10mg/L

10mg/L

10mg/L

10mg/L

0.1mg/L

0.1 mg/L

0.1mg/L

0.1mg/L

0.1mg/L

0.1mq/L

0.1ma/L

..
..

0.1mq/L

quality standards as "Cleanup Standards"

but in a practical sense they are used as

•• Compliance to the 0.1 mg/L level is required if the contamination is within the radius of influence of a well or within a delineated well head
protection area, unless a variance is obtained. Otherwise the compliance level is10mg/L .
••• No particular method is specified however, methods used must conform with "Standard
and "EPA Methods, Methods for Chemical Analysis of Waters and Wastes."
Contact: Doug Miller, Department

of Environmental

and Natural Resources,

Methods for Examination

of Water and Waste Water"

605-773-3296

E-mail: doug.miller@state.sd.us
Web Site: http://www.state.sd.us/denr/des/ground/

Tennessee

Cleanup Standards

Product

for Hydrocarbon

Parameter!
Constituent

Contaminated

Groundwater

Lab Test
Protocol & Number

Detection
Level

Notification
Level

Action
Level

Cleanup
Level (1)

Benzene

EPA 5030/8020

0.002mg/L

>O.005mg/L

>0.005mg/L

TPH- GRO

TN TPH- GRO

0.1 mg/L

>0.1mg/L

>0.1mg/L

0.1 mg/L or 1.0mq/L

Diesel Range

TPH-EPH

EPH Method

0.1 mg/L

>0.1 mg/L

>0.1mg/L

0.1 mg/L or 1.0mg/L

Waste Oil

TPH-EPH

EPH Method

1.0mg/L

>0.1mg/L

>0.1mg/L

0.1 mg/L or 1.0mg/L

Gasoline

(1) Cleanup levels are based on groundwater
Contact: Debbie Mann, Tennessee

0.005mg/L

or 0.07mg/L

classification.

Department

of Environment

and Conservation,

Division of UST, 615-532-0979

E-mail: dmann@mail.state.tn.us
Web Site: http://www.state.tn.us/environmentlust
Information from the Texas Risk Reduction Program can be found at Title 30, Texas Administrative
at http://www.tnrcc.state.tx.us
Texas Cleanup Standards

for Hydrocarbon

Contaminated

Product

Parameter!
Constituent

Lab Test
Protocol & Number

Gasoline

BTEX

EPA 8021,8260

TPH

TNRCC 1005

PAHs

EPA 8100,8270,8310

Diesel

Waste Oil

BTEX

EPA 8021,8260

TPH

TNRCC 1005

PAHs

EPA 8100,8270,8310

BTEX

EPA 8021,8260

TPH

TNRCC 1005

VOCs

EPA 8260

PAH

EPA 8100,8270,8310

Code, Chapter 350 or

Groundwater
Detection
Level

·

0.5mg/L'

·

·

0.5mg/L

·
·
0.5mg/L

·

·

Notification
Level
any amount
any amount
any amount
any amount
any amount
any amount
any amount
any amount
any amount
any amount

Action
Level

..

..
..

..
..
..
..
..
..
..

• The method used must have a detection limit less the action level. If the action level is less than the method quantitation
standard available method, then the quantitaton limit of that method becomes the action level.
•• The "action level" is the applicable protective concentration

level.

Contact: Chris Chandler, Texas Natural Resource Conservation
E-mail: cchandler@tnrcc.state.tx.us
Web Site: http://www.tnrcc.state.tx.us

Commission,

512-239-2245

Cleanup
Level
site specific/risk-basec
site specific/risk-basec
site specificlrisk-basec
site specific/risk-basec
site specific/risk-basec
site specific/risk-basec
site specific/risk-basec
site specific/risk-basec
site specificlrisk-base(
site specificlrisk-base<
limit of the most sensiti\

Utah has implemented Tier 1 RBCA for leaking UST sites. The following Cleanup levels are "screening levels" and can only be applied when
buildings, utility lines, and property lines are a distance greater than 30 feet from the contaminated source, and when water supply wells and surface
water are greater than 500 feet from the source.
Utah's RBCA Tier 2 process for determining site- specific cleanup levels can be found on our Web Site.
Utah Action Levels for Groundwater
Product

Groundwater

Benzene

0.3mq/L

Toluene

7mg/L

Ethylbenzene

4mg/L

Xylenes

73mg/L

Naphthalene

0.1 mg/L

TPH- gasoline

10mg/L

TPH- diesel

10mg/L

Oil & Grease/ TRPH

10mg/L

Contact: Robin D. Jenkins, Division of Environmental

Response and Remediation,

801- 536- 4100

Web Site: http://www.deq.state.ut.us

Vermont Cleanup Standards
Product
Gasoline

Diesel

Waste Oil
• Compound

for Hydrocarbon

Contaminated

Groundwater

Detection
Level

Notification
Level

EPA 8020

1pg/L

EPA 8020

1pg/L

Parameter/
Constituent

Lab Test
Protocol & Number

Benzene
Toluene

Action
Level

Cleanup
Level

any amount

5pg/L

site specific

any amount

1000pg/L

site specific

Ethylbenzene

EPA 8020

1pg/L

any amount

700pg/L

site specific

Xylenes

EPA 8020

1pg/L

any amount

10,000pg/L

site specific

MTBE

EPA 8020

1pg/L

any amount

40pg/L

site specific

Benzene

EPA 8020

1pg/L

any amount

5pg/L

site specific

1000pg/L

site specific

Toluene

EPA 8020

1pg/L

any amount

Ethylbenzene

EPA 8020

1pg/L

any amount

700pg/L

site specific

Xylenes

EPA 8020

1IJQ/L

any amount

10,000ua/L

site specific

VOCs

EPA 8240

1pg/L

any amount

specific groundwater

enforcement

.

site specific

standard

Contact: Chuck Schwer, Vermont Agency of Environmental

Conservation,

802-241-3876

E-mail: chucks@dec.anr.state.vt.us
Web Site: http://www.anr.state.vt.us
Virginia Cleanup Standards

for Hydrocarbon

Contaminated

Product

Parameter/
Constituent

Lab Test
Protocol & Number

Gasoline

BTEX

EPA 8021 B

TPH

CA LUFT Method

Diesel

BTEX

EPA 8021B

TPH

CA LUFT Method

Waste Oil

TPH

EPA-approved

• POL for constituents

Groundwater
Detection
Level

Notification
Level

Cleanup
Level

any amount

site specific/risk

based

any amount

site specificlrisk

based

any amount

site specificlrisk

based

0.5 mg/L

any amount

site specificlrisk

based

0.5 mg/L

any amount

site specific/risk

based

.

.

0.5 mg/L

GC Methods

as stated in SW-846.

Note: Methods listed above are required for remediation
Contact: Dave Chance, Virginia DEO, 804-698-4288
E-mail: dpchance@deq.state.va.us

monitoring under permit.

Detection
Level

Notification
Level

EPA 8020 or 8260
EPA 8020 or 8260
Ethylbenzene

EPA 8020 or 8260

Xylenes

EPA 8020 or 8260

any amount

TPH

NWTPH- GX

any amount

Total Lead

EPA 7421

any amount

Diesel

TPH

NWTPH- DX

any amount

Waste Oil

TCLP

any amount

PCB

EPA 8080

Total Metals

EPA 6010,7000

Volatile Organics

EPA 8021 ,8260

any amount

Phenols

EPA 8040 or 8270

an

amount

PAHs

EPA 8100 or 8270

an

amount

any amount
series

any amount

• Test Specific.
TPH Cleanup Level in Groundwater is 1000 m g/L regardless of the type of TPH. A Method A Cleanup Level in Groundwater
2000.New Method A Cleanup Levels for TPH and BTEX will become effective sometime in 2000.
Contact: Steve Robb, Washington

Department

\

of Ecology, 360-407-7188

E-mail: srob461 @ecy.wa.gov
Web Site: http://www.wa.gov/ecology/tcp/cleanup.html
West Virginia Cleanup Standards
Product
Gasoline

Diesel

for Hydrocarbon

Contaminated

Parameter/
Constituent

Lab Test
Protocol & Number

Benzene
Toluene

Groundwater

Detection
Level

Notification
Level

Action
Level

EPA 8020

1pg/L

any amount

5pg/L

EPA 8020

1ua/L

any amount

1000uq/L

Ethylbenzene

EPA 8020

1pg/L

any amount

700pg/L

Xylenes

EPA 8020

1pg/L

any amount

10,000pg/L

TPH

EPA 8015

0.5ppm

any amount

Benzene

EPA 8020

1pg/L

any amount

5pg/L

Toluene

EPA 8020

1uq/L

anvamount

1000uq/L

Ethylbenzene

EPA 8020

1pg/L

any amount

700pg/L

Xylenes

EPA 8020

1pg/L

any amount

TPH

Modified EPA 8015,
GRO& DRO

0.5ppm

any amount

Note: Some leaking underground
Corrective Action (RBCA).

Tier 1 Risk- Based Screening

101
701

10, OOOpg/L

10,Ol
site s~

storage tank sites may qualify for West Virginia's voluntary cleanup program, which utilizes Risk Based

Contact: Mike Sutphin, West Virginia Department
Colorado Clean- up Standards

H
sill

of Environmental

for Hydrocarbon

Contaminated

Protection, 304-558-2508
Soil and Groundwater

Levels (RBSLs) and TPH Threshold

Value

-

Media

Exposure Pathway

Land Use

Benzene

Subsurface
Soil

Leachate to
Groundwater
Ingestion

NA

0.26mg/ kg

170mg/ kg

200mg/ kg

1900mg/ kg

Surficial Soil

Ingestion/ Dermal/
Inhalation

Residential
Industrial

4. 1mg/ kg
12mg/ kg

4100mg/ kg
2800mg/ kg

21 OOmg/ kg
15000mg/ kg

3600mg/ k
250000mg/ kg

500mg/l
500mg/ k

Soil Vapor

Indoor Air
Inhalation

Residential
Industrial

2700pg/ m'
35000pg/ m'

> VP'
> VP'

>VP'
>VP'

> VP'
> VP'

NA
NA

Groundwater

Indoor Air
Inhalation

Residential

0.015mg/L

6.9mg/L

18mg/L

14mg/L

NA

Groundwater
Ingestion (MCLs)

Industrial
NA

0.39mg/L
0.005mg/L

490mg/L
1.0mg/L

>So14
0.68mg/L

>So14
10mg/L

NA
site specific

Groundwater
le Subsurface

I

Soil Leachate to Groundwater

sites where BTEX concentrations
le 16 Priority PAHs.

Ingestion and Groundwater

Toluene

Ethylbenzene

Ingestion Pathway concentrations

are below the Action Levels and TPH soil concentrations

Xylenes

are considered

the Action Levels.

are above 500mg/ kg, PAH analyses are required

P denotes that even at a concentration

equal to the vapor pressure of the chemical, a hazard quotient of 1 is not exceeded.

)1denotes that even at a concentration

equal to the solubility of the chemical, a hazard quotient of 1 is not exceeded.

lpplicable

for exposure pathway

:t: Marilyn Hajicek, Colorado Department
te: http://oil.cdle.state.co.us

of Labor and Employment,

TPI
500mg.

Oil Inspection Section, 303-620-4032

Wisconsin

Cleanup Standards

Product
Gasoline

for Hydrocarbon

Contaminated

Parameter!
Constituent

Lab Test
Protocol & Number

Groundwater
Detection
Level

GRO

DNR WI Modified GRO

VOC(2)

EPA 5030/8021

PVOC( 3

EPA 5030/8021

or 5030/8020

Benzene

EPA 5030/8021

or 5030/8020

Toluene

EPA 5030/8021

or 5030/8020

Xylenes

EPA 5030/8021

or 5030/8020

Ethylbenzene

EPA 5030/8021

or 5030/8020

MTBE(2)

EPA 8021

T rimethylbenzene(

Diesel

Waste Oil

s)"

·
·
·
··
·

·
·
·
·
·
·
·

EPA 8021

Lead(2)

EPA 3020/7421

GRO, VOC(2),PVOC(3)

same as above for gasoline

PAHs

EPA 8310

BTEX & MTBE

same as above for gasoline

PCBs

EPA 3510/8080

DRO, VOC(2), PVOC

same as above for gasoline

Lead(2)

EPA 3020/7421

Cd

EPA 302017131

Benzo(a) pyrene

EPA 8310

Fluorene

EPA 8310

Naphthalene

EPA 8310

Other PAHs

proposed site specific

·
·
·
·
·
·
·
·

or 3520/8080

Notification
Level

Cleanup
Level

any amount

site specific

any amount

compound

any amount

compound specific

specific

any amount

5Jlg/L

any amount

343Jlg/L •••

any amount

620Jlg/L •••

any amount

700Jl9/L

any amount

60Jl9/L

any amount

480Jlg/L

any amount

15Jlg/L

none
any amount

compound

any amount

specific

0.03Jlg/L

none
15Jlg/L
any amount

5Jlg/L

any amount

0.2Jlg/L

any amount

400Jlg/L

any amount

40Jlg/L

Note: Wisconsin's groundwater quality standards are based on a two- tiered system and response actions vary depending on the tier level
exceeded. The two tiers are the Preventive Action Limit, the more stringent, and Enforcement Standards, both per Wisconsin Administrative
NR140 .

Code

• Test Specific .
•• 1, 2,4- and 1,3,5- Trimethylbenzene,

combined

••• Proposed NR140 changes would revise the standard for Toluene to 1mg/L and Xylenes (combined ortho-, meta- and para-) to 10mg/L;
anticipated effective date of early 2000.
(1) Wisconsin Admin. Code NR 140 Enforcement Standard (ES), is the enforceable cleanup level. The Preventative Action Level (PAL), the
cleanup goal, is a lesser concentration of the ES. The PAL must also be achieved unless it is not a technically and economically feasible to do so.
The PAL is 10% of the ES for carcinogens, mutagens and teratogens. The PAL is 20% of the ES for all other substances of health concern.
(2) Sample at least once.
(3) Petroleum Volatile Organic Compounds

defined in analytical guidance.

Contact: Steve Karklins, Wisconsin Department

of Natural Resources,

608-266-5240

E-mail: karkls@dnr.state.wi.us
Web Site: http://www.legis.state.wi.us/rsb/code/

Wyoming Cleanup Standards for Hydrocarbon
Product

Parameter!
Constituent

Gasoline

Leaded Gas

Fuel Oils

Lubricating
Waste Oil

Oil

Contaminated

Groundwater

Lab Test
Protocol & Number

Detection
Level

Notification
Level

Action
Level

Cleanup
Level

Benzene

EPA 524. 2/8260

0.51lQ/L

any amount

>51lq/L

51lq/L

Ethylbenzene

EPA 524.2/8260

0.5Jlg/L

any amount

>700Jlg/L

700Jl9/L

Toluene

EPA 524.2/8260

0.5Jlg/L

any amount

>1000Jlg/L

1000Jl9/L

Xylenes

EPA 524.2/8260

0.5Jlg/L

any amount

>10,000Jlg/L

10,000Jl9/L

150Jl9/L

MTBE

EPA 8260

Total Lead

EPA 239.2/6010

5Jlg/L

any amount

>50Jl9/L

50Jlg/L

TPH

EPA 8015B Modified GRO C6- C10

4Jlg/L

any amount

>10mg/L

10mg/L

BTEX

same as for gasoline
1mg/L

any amount

>10mg/L

10mg/L

TPH

EPA 8015B Modified DRO C10- C32

BTEX and TPH

same as for fuel oils

BTEX

same as for gasoline

TPH

GC extraction

1mg/L

any amount

>10mg/L

10mg/L

Total Lead

EPA 239.2/6010

5Jlg/L

any amount

>50Jlg/L

50Jlg/L

Total Cadmium

EPA 213.2/6010

1Jl9/L

any amount

>1Jlg/L

1Jl9/L

Total Chromium

EPA218.1/6010

50Jl9/L

any amount

>100Jlg/L

100Jl9/L

Contact: LeRoy Feusner, Department
E-mail: Ifeusn@missc.state.wy.us

of Environmental

Quality, 307-777-7096

Pennsylvania

Clean- up Standards

Product
Leaded Gasoline,
Aviation Gasoline,
Jet Fuel

Unleaded Gasoline

Kerosene, NO.1
Fuel Oil

Diesel, NO.2
Fuel Oil

No. 4,5,6 Fuel
Oil, Lubricating
Oil & Fluids

Used Motor Oil

for Hydrocarbon

Contaminated

Groundwater

Parameter/
Constituent

Lab Test
Protocol & Number

Water Standard /
Action Level

Benzene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

5/lg/L

Toluene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

1000/lq/L

Ethvlbenzene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

700ua/L

Xylenes

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

10000/lg/L

Cumene

EPA 5030BI 8021 B, 5030BI 8260B ar 524.2

25ua/L

Naphthalene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

20/lq/L

1,2- Dichloroethane

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

EDB

EPA 8011 or 504.1

0.05/l9/L
5/lg/L

5/lg/L

Lead (dissolved)

EPA 6020 or 7421

Benzene

EPA 5030BI 8260B or 524.2

5/lq/L

Toluene

EPA 5030BI 8260B or 524.2

1000/lg/L

Ethylbenzene

EPA 5030BI 8260B or 524.2

700/lq/L

Xylenes

EPA 5030BI 8260B or 524. 2

10000/lg/L

Cumene

EPA 5030BI 8260B or 524. 2

25/lq/L

MTBE

EPA 5030BI 8260B or 524. 2

20/lg/L

Naphthalene

EPA 5030BI 8260B or 524.2

20/lg/L

Benzene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

5/lg/L

Toluene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

1000/lq/L

Ethylbenzene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

700/lg/L

Cumene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

25/lQ/L

Naphthalene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

20/lg/L

Fluorene

EPA 8270C, 8310 or 525.2

190/lg/L

Benzene

EPA 5039BI 8021 B, 5030BI 8260B or 524.2

5/lg/L

Toluene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

1000/lQ/L

Ethylbenzene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

700/lg/L

Cumene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

25/lg/L

Naphthalene

EPA 8270C, 8310 or 525.2

20/lg/L

Fluorene

EPA 8270C, 8310 or 525.2

190/lQ/L
1200/lQ/L

Phenanthrene

EPA 8270C, 8310 or 525.2

Benzene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

5/lQ/L

Naphthalene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

20/lg/L

Phenanthrene

EPA 8270C, 8310 or 525.2

Pyrene

EPA 8270C, 8310 or 525.2

Chrvsene

EPA 8270C

1200/lQ/L
13/lg/L

8310 or 525.2

1.8ua/L

Benzene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

5/lg/L

Toluene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

1000/lQ/L

Ethylbenzene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

700/lg/L

Cumene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

25/lQ/L

Naphthalene

EPA 5030BI 8021 B, 5030BI 8260B or 524.2

20/lg/L

Pyrene

EPA 525.2

13/lg/L

Benzo(a)anthracene

EPA 525.2

0.9/l9/L

Chrysene

EPA 525.2

1. 8/lQ/L

Benzo(b )fluoranthene

EPA 525.2

0.9/l9/L

Benzo(a)pyrene

EPA 525.2

0.2/lg/L

Indeno(1 ,2, 3-cd)pyrene

EPA 525.2

0.9/lg/L

Benzo(Q,h,i)pervlene

EPA 525.2

0.26/l9/L

Lead (dissolved)

EPA 6020 or 7421

5/lg/L

Obvious contamination or results above the Water Standardl Action Level is reportable. Obvious contamination includes, but is
product or sheen on water in the excavation, or free product or sheen on the groundwater surface. The Water Standardl Action
confirmatory samples collected at closure site assessments and for use in the corrective action process. The more conservative
standards are presented. Depending on the particular contamination situation, different statewide standards may apply or other
may be available.
Contact: Doug Cordelli, Commonwealth
E-mail: tank.cleanup@dep.state.pa.us
Web Site: http://www.dep.state.pa.us

of Pennsylvania

Department

of Environmental

Protection, 717-783-7509

not limited to free
Levels are for
statewide
cleanup options

ng
April 17 ·18, 2000
Assessment of Petroleum Hydrocarbon Spills for
Risk-Based Corrective Action & Natural Attenuation.
Houston, Texas. Information, call 740-965-5026.

April 17 ·1 g, 2000
u.s. Environmental Laws and Regulations Basics.
Mulberry Inn, Savannah, Ga. Call 301-921-2345.

April 18·1 g, 2000
ASTM Phase II Environmental Site Assessments.
Washington, D.C. Call 610-832-9686.

April 1 9·20, 2000
The Groundwater Sampling Field Course. Houston,
Texas. Information, call 740-965-5026.

April 20, 2000
Micropurge Low Flow Purging and Groundwater
Sampling. Houston, Texas. Information, call 740-9655026.

April 25·26, 2000
ASTM Course on Phase I Site Assessment and the
Transaction Screen Process. Dallas, Texas. Call 610832-9686.

April 25·26, 2000
ASTM Course onRisk Based Corrective Action for
Chemical Releases. San Diego, Calif. Call 610-832-9686.

April 25-27, 2000
EPA IntI. Conference & Exhibition on Life Cycle
Assessment. Hyatt Regency Crystal City, Arlington,
Va. Call 206-463-7431.

April 26·28, 2000
ISO 14001Training: Environmental Management
Standards. ABS Group, Crowne Plaza Union Station,
Indianapolis, Ind. Call 301-921-2334.

April 27, 2000
ISO 9000Executive Briefing. ABS Group, Houston,
Texas. Call 301-921-2345.
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Four MatrixEs. . . . . .

PCB

TOXAPHENE

PCP

PERe
CI

CI

H~CI
CI

CI

CLORDANE

CLORDANE

TeE peE
CI

CI

CI

~CI
CI

CI CI

AROCLOR 1242

METHYLENE CHLORIDE

LYZER
One Instrument Does It All
The L2000DX can be
used to quantify chlorinated compounds on-site, in four different matrixes: soil, water, transformer oil, and surface wipes. For
ease-of-use, it is preprogrammed to quantify 28 chlorinated
compounds commonly encountered as contaminates in today's
cleanup sites. The L2000DX can easily be programmed by the
analyst for other compounds, allowing virtually all chlorinated
compounds to be quantified by this instrument.
InThe Field Or In The Lab
The L2000DX can be
used in the lab with standard I IOV electrical supply or in the
field with a built-in rechargeable battery that will allow 3 days
of in-field operations.

DE

An ISO 9001 Registered Company
Dexsil is a registered trademark of Dexsil Corporation.

©

Simple Sample Preparation
Suitable for non-technical
field personnel, one needs only to measure out of the sample,
extract the analyte, and react and isolate the chlorine associated with the analyte. Then the analyst can quantify the resulting
chloride solution with the L2000DX analyzer. Results are
reported in PPM (or PBB for water) of analyte.
Fast Turnaround Time

For soil,water, and wipe samples,
preparation and analysis time is less than 12 minutes, and for
transformer oil, less than 5 minutes. Multiple samples can be run
together to increase through put.

Call or write for more infonnation.

1-203-288-3509
Visit Our Web Site: www.dexsil.com
Dexsil Corporation
One Hamden Park Drive
Hamden, CT 06517

1998 Dexsil Corporation
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