








A Look at Deep Well Injection

Degep well injection is an environmentally-sound technology for
managing large volumes of low toxicity liquid wastes.

Although many people may be unaware of deep well
injection technology, every year over 75 million pounds of low-
toxicity liquid wastes are managed using this environmentally-
sound technology. Deep injection wells, typically half a mile to
two miles in depth, are an approved and environmentally safe
means of disposing hazardous and non-hazardous wastewater.
Deep wells inject fluids into conductive and porous formations
(e.g., limestone), which are generally overlain by a relatively
impermeable layer(s) of rock, hence isolating the injected waste

at depths well below
drinkable groundwater.
In order to protect
overlying groundwater
and minimize migration-
related concerns, deep
injection wells are sited in
seismically stable areas
and away from bedrock
fractures and faults. In
addition, deep wells are
constructed using multi-layer well construction and redundant
safety features to further safeguard against potential releases.

Deep well injections are regulated under state-specific and
federal Underground Injection Control (UIC) regulations.
These regulations require a demonstration that the injected
wastewater will not migrate out of the targeted geologic
formation, and a risk assessment to examine the consequences if
such a migration were to occur. In order for wastewater
containing hazardous constituents to be permitted (referred to
as Class I injection wells), an applicant must demonstrate that
these constituents will not migrate from the disposal site for
10,000 years, or as long as the wastewater remains hazardous
(U.S. EPA, 2001).

Geologic conditions in the Gulf Coast and Great Lakes
regions are ideally suited for deep injection wells. Hence, these
regions have a majority of the permitted facilities (U.S. EPA,
1994). Approximately 25% of the permitted wells accept
hazardous wastes, with the highest number of such facilities
being in Texas (U.S. EPA, 1994; 2001). Although a wide range
of wastewaters from municipal and industrial processes are
disposed through injection wells, the vast majority of the
injected fluids consist mainly of salt water.

The safety and risks associated with the use of Class |
injection wells have been evaluated by the EPA and other
stakeholders over the past 20 years. The EPA' overall conclu-
sion has been that “when properly sited, constructed, and
operated, injection wells can be an effective and environmentally

...an applicant must
demonstrate that these
constituents will not
migrate from the disposal

site for 10,000 years, or as
long as the wastewater
remains hazardous (U.S.
EPA, 2001).

safe means of fluid waste disposal” (U.S. EPA, 1994). A
probabilistic risk assessment undertaken to evaluate this issue
also concluded that the risk of loss of waste isolation from Class
I injection wells was less than one in a million (ljaz et al., 1999).

Although the use of this approach has proven to be safe, the
EPA’s Toxic Release Inventory data indicate that the overall
volume of wastes disposed using this technology has declined by
39% from 1988 to 1998, due in part to the high cost and
onerous regulatory demonstrations necessary to put a well into
service. However, as the volume of low-toxicity wastewaters
continues to increase, the popularity of this time-tested technol-
ogy may (unlike the wastes they manage) resurface.

Manu Sharma, M.S.
Email: msharma@gradientcorp.com
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were better enforced. Nonetheless, the data set characterizing
the specific odorants released from biosolids is very small.
Additionally, it is not clear if health effects are associated with
exposure to biosolids-related odors, and many of the odorants
identified to date do not have adequate toxicity assessments to
support risk assessment.

The NRC committee noted particularly the need for
development of conceptual site models and estimation of
aggregate exposures for relevant receptors, rather than continued
reliance on the individual pathway approach used to set the
standards. The EPA successfully used this more contemporary
approach in a recent reassessment of exposures associated with
dioxins in biosolids (U.S. EPA, 2001). In this assessment,
aggregate exposures are assessed for a farm family using both
deterministic and probabilistic approaches (see figure). Notably,
regional differences in climate and geology are included in the
underlying database used to estimate fate and transport of
chemicals, and to calculate a distribution of exposure point
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What's New at Gradient

Dr. Barbara Beck has been made a Fellow of the Acad-
emy of Toxicological Sciences.

Dr. A. Dallas Wait has been appointed to the Editorial
Board of Soil & Sediment Contamination.

Dr. Lorenz R. Rhomberg was an ad hoc member of FIFRA
Scientific Advisory Panel to review the EPA Preliminary Cu-
mulative Risk Assessment for Organophosphorus Pesticides.
Alexandria, VA. February 2002.

Upcoming Presentations

Frankenmuth, MI. September 14, 2002. Peter Valberg.
“Health Effects of Air Pollutants.” Talk at the Michigan Oc-
cupational and Environmental Medicine Association on Cur-
rent Topics in Occupational and Environmental Medicine, 2002.

Amberst, MA. October 24, 2002. Eric Butler. Presen-
tation on “Arsenic Geochemistry: Ponding, Slime, Iron, and
Elevated Arsenic in Groundwater” at the 18th Annual Inter-
national Conference on Contaminated Soils, Sediments, and
Water. October 21-24, University of Massachusetts.

Newark, NJ. November 15, 2002. Lorenz R. Rhomberg.
“A Probabilistic Empirically-Based Approach to Characteriz-
ing Extrapolation Uncertainty in Noncancer Risk Assessment.”
Talk at the 6th Annual Workshop on Evaluation of Default
Safety Factors in Health Risk Assessment.

To request copies of articles or presentations, or to receive Trends by email, please contact us at

trends@gradientcorp.com or telephone Alison E Barlow at (617) 395-5000.
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concentrations for a variety of direct and indirect exposure
pathways.

For pathogens, the NRC committee recommended
continued reliance on pathogen reduction standards and
monitoring of indicator organisms; however, updated pathogen
detection techniques and a new national survey of pathogens in
biosolids are needed. Additionally, pathogen risk assessment
methodology was judged to have advanced sufficiently to be
useful in establishing treatment requirements, management
practices, and monitoring requirements.

Properly managed land application of biosolids can be a

sustainable way to reuse a valuable resource that is certainly
preferable to landfilling or incineration. Continued public
acceptance of land application of this material will be dependent on
adequate funding of the EPA and state oversight of these programs,
as well as ongoing research to evaluate emerging concerns.

Rosalind A. Schoof, Ph.D., DABT

References:

NRC. 2002. Biosolids applied to land: Advancing standards and
practices. National Academy Press, Washington, D.C. http://
www.nationalacademies.org.

U.S. EPA. 2001. Exposure analysis for dioxins, dibenzofurans, and
coplanar polychlorinated biphenyls in sewage sludge. NTIS PB2002-
105133. November.

TRENDS

G R A D T
Risk Science & Application




Environmental Issues in Modern Times

Environmental issues have gone full circle from capturing the
attention of nearly everyone, to being of interest to an affected few,
to being a societal issue.

The 20th century witnessed a revolution in waste manage-
ment, environmental science, and societal views toward
pollution. Although
some pollution problems
remain unsolved today,
our progress has been
astounding as we enter
the 21st century with
scientific understanding
unimaginable in 1900.
The development of
waste management
through the last century
churned with scientific discovery, societal priorities, societal
debate, and government awakening.

Our first and most enduring pollution priority through
most of the 20th century was sanitary waste management in
surface waters. This was because of the devastation threatened
by contagious disease, and because of the nature of population
expansion in our growing cities. It began primarily as a
municipal wastewater issue. Air pollution next quickly became
a high priority, because its impact was so observable and
immediate to so many people. The management of liquid and
solid industrial hazardous wastes followed on the heels of
sanitary landfill management, as regulatory programs were put
in place to deal with these materials.

Today, society struggles with the very costly, seemingly
insurmountable problem of how to manage its growing volume
of non-hazardous wastes. Even while discrete segments of the
industrial community are already stepping up to their hazardous
waste management challenges, non-hazardous waste manage-

Our obsession over the
last 20 years with haz-
ardous waste issues
captivated the attention

of our legislators and
scientists, while our non-
hazardous waste problems
piled up around us.

ment problems that can present real issues for all of us continue
to grow. Our obsession over the last 20 years with hazardous
waste issues captivated the attention of our legislators and
scientists, while our non-hazardous waste problems piled up
around us.

As we enter this new millennium, it is time to deal with
non-hazardous waste issues as part of a sensible and systematic
approach to sustainability. That approach has to marry
reasonable regulation with technologically-sound risk assessment
and scientific objectives. To do otherwise will ignore what we
have learned from the past, and jeopardize what we hope for in
the future.

Neil Shifrin, Ph.D.

Email: nshifrin@gradientcorp.com

The Fresh Kills Landfill on Staten Island, NY, is
one of the largest manmade structures in the world, 25
times larger than the Great Pyramid of Khufu at Giza
and about the volume of the Great Wall of China. It is
also the highest geographic feature along a 1,500 mile
stretch of the Atlantic seaboard running north from

Florida to Maine.

Source: Rathje, W. and C. Murphy. Rubbish! The Archeol-
ogy of Garbage. New York: Harper Collins Publishers, 1992.
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