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Research Drilling Project in the Coastal Plain
Physiographic Province of Virginia

Taylor Scott Bruce

Problem Statement

Increased dependence on groundwater supplies in the Virginia Coastal Plain has prompted the need
to evaluate the groundwater resource. The first step in evaluating Virginia’s groundwater resources
Is to collect hydrogeologic information from observation wells, especially in areas with little or no
hydrogeologic data. Information from observation wells is crucial in developing a hydrogeologic
framework and ultimately a computer model.

Objectives

The objectives of this work are to:

1. Collect hydrogeologic information including geophysical logs, cores, water-quality samples
and water-level measurements.

2. Analyze the data to define the hydrogeologic framework,

3. Disseminate this data to the public and federal, state, and local officials.
Methodology

Objectives will be accomplished by (1) selecting sites in areas with little or no hydrogeologic data or
in an area that requires additional data to define the hydrogeologic framework; (2) drilling a pilot hole
to bedrock and collecting cuttings samples at 10-ft intervals; (3) logging the pilot hole to obtain a suite
of geophysical logs inciuding single and multipoint electric, gamma, and caliper logs; (4) analyzing
geophysical logs, cuttings samples and other information to determine aquifer tops and bottoms; (5)
drilling observation wells to obtain water quality samples; (7) measuring groundwater levels over
time; (8) collecting selected core samples; and (9) adding research station data to the existing USGS
hydrogeologic framework.

Results to Date

Since 1875, the Virginia Water Control Board has drilled 35 research stations in the Virginia Coastal
Plain and Eastern Shore. Data from the drilling project has been incorporated into three USGS mod-
eling efforts. They are the RASA, York-James Peninsula and Southeast Virginia digital models. A
portion of the research stations provide saltwater intrusion data. Basement core samples have also
been collected for the Virginia Division of Mineral Resources.
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Underground Storage Tanks:
Disposal Options and Financial Responsibility Provisions

W. David Conn, L. Leon Geyer, William R. Knocke,
Janet E. Robinson, Denise W. Scott, and Paul 8. Thompson
(Presented by W. David Conn)

Introduction

The number of reported incidents of groundwater contamination in Virginia and other states due to
leaks from underground storage tanks (USTs) has risen dramatically in recent years. Under Subtitle |
of the Resource Conservation and Recovery Act (RCRA), as amended in 1984 and 1988, a federal
program is being established to address the problems posed by underground tanks used for the sto-
rage of petroleum products and other hazardous substances (not including hazardous wastes, whose
storage is regulated under Subtitle C of RCRA). In response to the federal requirements, states are
being encouraged to develop their own UST programs.

The project reported in this paper addresses two important issues facing the Commonwealth of Vir-
ginia as it seeks to formulate appropriate UST legislation and regulations. These issues relate to (1)
the disposal of underground tanks, and (2) provisions for establishing the financial responsibility of
tank owners and for financing the cleanup of abandoned tanks.

TANK DISPOSAL
Problem Statement

The number of unusable and/or unused underground storage tanks is growing rapidly as tanks in-
stalled during the growth decades of the 1950s and 1960s reach the end of their working lives and
require replacement; furthermore, many companies are replacing newer but inadequately protected
tanks in order to minimize the risk of leakage and the associated liabilities.

Tank disposal, which may be in-situ or following removal from the ground, itself poses risks to human
health and the environment. Methods used in the past may no longer be considered acceptable by
present-day standards; consequently, the identification of disposal methods that are effective, safe,
and economically feasible is of major importance.

Objectives

The objectives of the research, which is still in progress, are (1) to identify and describe alternative
disposal methods that are currently available or under development, (2) to estimate the economic
costs associated with these methods, and (3} to examine the environmental implications of their use.

Methodology

The methodology to date has consisted largely of a review of the pertinent literature, consultations
with representatives of the major trade associations involved in petroleum storage and tank disposal,
individual companies, and government agencies, and an analysis of the information thereby obtained.

Results to Date

The study has confirmed that many of the disposal methods used in the past, such as the landfilling
of untreated tanks, are now considered unacceptable because of the potential hazards presented to
both workers and the environment by fumes and product residues. Petroleum fumes, for example, can
be explosive, and residues of lead (from leaded gasoline) are potentially toxic. The two technologies
currently recommended by industry trade associations are (1) abandonment in place, and (2) removal
and recycling.
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Abandonment in place, which avoids the expense of tank excavation and transport, generally involves
the total removal of product, including sludge and fumes, puncturing of the tank walls, and refilling
with a solid, noncompacting, and chemically inert substance. Sand is commonly used for this pur-
pose, but other substances such as “flowable fill” (a cement-like aggregate) or polyurethane foam
may also be used. Environmental effects result primarily from the gradual release of metal from the
rusting tank, particularly residues of lead.

Removal and recycle requires tank excavation, cleaning, and transport to a scrap metal dealer. While
this technique eliminates the tank itself as a lingering source of contamination, the recycling operation
itself produces its own array of potentially polluting wastes.

The major concerns associated with both methods of tank disposal relate to the handling of tank re-
sidues and cleaning water, which often fall under the definition of hazardous waste under RCRA
Subtitle C. Without cleaning, particularly of lead, old tanks may be essentially worthless as scrap;
many scrap dealers, for instance, are refusing to take old tanks unless they are certifiably free from
any regulated substance because of the liability risks associated with the handling of hazardous ma-
terials. However, the quantities of waste produced during cleaning are such that the tank owner may
qualify as a "small quantity generator” of hazardous waste, and so may be required to dispose of the
waste according to complex and usually expensive procedures. The additional costs that result may
be a significant factor in discouraging proper tank disposal.

Research Implications

The results to date suggest that a need exists for the identification or development of ways in which
residues could be either rendered nonhazardous before disposal or otherwise treated so as to reduce
liability and expense. Both technological and institutional options may be applicable.

FINANCIAL RESPONSIBILITY
Problem Statement

The 1986 amendments to Subtitle | of RCRA provide for owners and operators of USTs to be required
to maintain evidence of financial responsibility for taking corrective action and compensating third
parties for property damage and bodily injury that might result from a leak. Several options are
available for meeting this requirement, and there is a need to understand their relative advantages
and disadvantages in the Virginia context.

Objectives

The objectives of the research, which is still in progress, are (1) to identify the areas of potential costs
associated with underground storage tanks (e.g., damages, remediation, etc.), (2) to explore the po-
tential liabilities (including situations where ownership cannot be established or the owners cannot
be traced), (3) to identify alternative means of establishing financial responsibility-{e.g., insurance,
bonds, etc.) as well as of financing the cleanup of abandoned tanks, and (4) to examine the legal,
economic, environmental, and other implications associated with these options.

Methodology

The methodology initially involved the development of case studies, an approach which was subse-
quently suspended because of problems in obtaining information about particular cases that would
be pertinent to the aims of the project. Instead, greater emphasis has been placed on the literature
review and on interviews with knowledgeable persons in the public and private sectors, including
members of a specially identified resource group of experts on legal, financial, and other aspects re-
lating to financial responsibility for USTs.
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Results to Date

The costs associated with leaks from USTs include those for (1) corrective action, and {2) damages.
Experience with insurance claims suggests that most incidents involve costs that are less than
'$100,000, with very few exceeding $1 million. These costs may be expected to grow with the demand
for greater stringency in cleanup and, possibly, an increase in payments for damages. Under present
legisiation, if a responsible party can be identified and has the means, that party is expected to pay
for corrective action. On the other hand, damages must be sought through civil remedy in the courts
by individuals alleging injury. In both cases, however, it may be difficult or impossible to identify the
responsible party; furthermore, even if identified, the latter may not be in a position to pay. Some tank
owners currently have insurance; the only other potential source of relief in Virginia at the time of
writing is the Oil Spill Contingency Fund which is too small to pay for corrective action in more than
a small number of instances. A federal trust fund has been established, but payments from this fund
are likely to be made only under a restricted set of circumstances and certainly cannot be taken for
granted.

The options for establishing financial responsibility for tank owners, to ensure the availability of funds
to pay the costs associated with future leaks, include one or more of the following: (1) insurance; {2)
guarantee; (3) letter of credit; (4) surety bond; (5) self-insurance; and (6) trust fund. Considerations
thought 1o be important in assessing these options include: (a) availability; (b) level and distribution
of cost; (¢} degree of incentive given to tank owners to adopt prevention measures; (d) administrative
simplicity, including rapidity with which funds can be made available in the event of a leak; (e) con-
formity to federal requirements.

Where available and feasible, insurance generally appears to be the preferred option. Two firms in the
U.S. currently offer UST insurance to petroleum tank owners or operators who belong to a group
marketing association or a jobbers’ association. it is likely that insurance will be offered soon to in-
dependent gas retailers but not to nonmarketers such as truck and rental car fleets, airports, etc.
Minimum annual coverage is normally $1 million per incident, $2 million aggregate, with a deductible
ranging from $5,000 to $100,000. Premiums are substantial (and appear to be growing) but are not
thought to be financially prohibitive except, perhaps, for marginal independent retailers.

For those who cannot obtain insurance, or to supplement available coverage, other options are being
examined. The very firms who have the least chance of obtaining insurance may be ineligible for
some of the alternatives. This problem might be resolved by the setting up of a common trust fund in
addition to, or in lieu, of the establishment of financial responsibility on an individual basis. This fund
might also be used o pay costs in situations where no responsible, financially solvent party can be
identified. However, critical issues then arise in relation to the method of financing the fund, such as
(1) its fairness (in light of the generally accepted Polluter-Pays-Principle); (2) provisions for cost re-
covery from responsible parties; and (3) any incentive (or disincentive) effect it might have on tank
owners’ willingness to adopt leak prevention measures.

At the time of writing, a bill (HB 1022) establishing an Underground Petroleum Storage Tank Fund in
Virginia, to be financed by an increase in the tax on motor fuels, has been passed by both houses of
the Legislature and sent to the Governor for his signature. If enacted, the bill would reduce the level
of financial responsibility that individual tank owners will have to demonstrate. A number of problems
with the bill have already been identified.

Research Implications
Enactment of HB 1022 would create a need for further research that is directed, at least in part, at
anticipating problems associated with the bill’s implementation and at developing possible remedies.

If the bill is not enacted, there will be a need for continued investigation of aiternative ways of meeting
the federal financial responsibility requirements in Virginia.
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Residents’ Appraisal of Water Supply and Quality
In the Coal Mining Region of Southwest Virginia

B. Blake Ross, Sara A. Rosenberry, and Theo A. Dillaha lli
(Presented by B. Blake Ross)

Problem Statement

The coal mining region of Virginia has historically experienced poor water supply, distribution, and
quality conditions. As the quantity and quality of these supplies may continue to be affected by mining
activities, more legal and social demands will be made upon municipalities, local governments, and
mining companies to provide adequate and safe water supplies for domestic needs of residents, ag-
riculture, and industry. The hydrologic consequences of mining activities may make it necessary to
design alternatives for adequate water supplies.

Objectives

The objective of this study was to survey residents so that future educational and research efforts
would address the hydrologic problems and needs of the region. In addition to examining local citizen
attitudes, the response of those agencies, local political bodies, and private firms involved in water
supply, water quality, land use planning, and coal mining activities was also sought to gain insights
into public attitudes regarding the region’s water supply and other environmental and hydrologic is-
sues. Because such information would be useful in developing a long-term research agenda, the
Powell River Project, a nonprofit agency that funds projects on land reclamation and mining-related
issues, contacted researchers in the Agricultural Engineering Department and the Urban Affairs Pro-
gram at Virginia Tech to conduct such a study.

Methods

A survey sample and survey instruments were developed by the researchers, and the surveys were
administered during the months of May and June 1985. The survey was designed to provide a profile
of residents’ perceptions of water quality and environmental conditions in the region. It did not at-
tempt to learn about actual water quality or physical conditions in the area. In addition, the results
do not provide an explanation of why residents have certain attitudes, but instead simply provide
profiles of the attitudes and perceptions of groups represented in the survey sample.

Given the relative intensity of surface mining activities in Wise County and deep mining activities in
Dickenson County, the survey sample of residents was selected from these two counties. A random
systematic sampling technique was developed to select a total of 407 households for surveying by
telephone. In addition, 269 surveys were mailed to the contact person identified for each of the insti-
tutional water users and agencies involved in water-related activities. Ultimately, only 51 (37 insti-
tutions and 14 agencies) surveys were returned, a 19% return rate.

Results

Of the 407 residential surveys completed, 250 (61%) of the households relied on a public water system
for their domestic water needs, and 154 (38%) relied on a private system. The most common source
of water to private systems is a well.

Respondents were asked to specify the severity of each problem in their own water system, as well
as the one problem that they would like most to see solved. The potential problems fell into three
categories: reliability {(water shortages and loss of water pressure); quality (bad taste, presence of
sediment, bad smell, lack of clarity, presence of bacteria, rust stains, or chalky deposits); and cost.
To the second question, the response “none” was given more frequently than any other (by 36%, or
by 136 of 376 respondents who answered the question). About 20% of the respondents reported se-
vere problems in each of the three problem areas. Thus, while 80% of the sample did not report
having severe problems with water reliability, quality, or cost, 20%, or one out of five households, did.
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Respondents were also asked a number of questions concerning regional water quality. From their
responses, residents of the two counties apparently believe that the quality of water in the region has
not deteriorated over the past five or ten years.

When asked to state what they thought was "the main cause of water-related problems in their
county,” more residents gave the answer “coal mining activities” than any other response. One
hundred fifty-three of the 334 (46%) respondents who answered the question said the main cause was
coal mining, while 19% said “natural causes,” and 10% said “too much residential development.”

Because of the small number of agencies and institutional water users who responded, making sta-
tistically significant comparisons among the groups is impossible. However, it is possible to draw a
profile of the agencies and institutional water users that did return the survey. Based on the data
collected, residential respondents and spokespersons for agencies are more critical of the adequacy
of the region’s water supply than institutional spokespersons. Fourteen percent of residential re-
spondents and 16% of agency spokespersons said that they would rate their own or their
constituency’s water supply as unsatisfactory or very unsatisfactory, while all spokespersons for in-
slitutional water users said they would rate their water as satisfactory or very satisfactory. Institu-
tional water users were alsc more likely than either agency spokespersons or residential respondents
to say that they thought that the quality of the region’s water supply was somewhat better or much
better today than it was 10 years ago. Eighty-six percent of the institutional water users. said it was
better compared to 67% of agency spokespersons and 54% of residents. Fifteen percent of agency
spokespersons rated today’s water quality as much worse or somewhat worse than five years ago,
while only 11% of residential respondents and 3% of institutional respondents agreed with that as-
sessment. ‘

Agency spokespersons appear much more likely than residential respondents or institutional spok-
espersons to say that there are serious problems with the quality, reliability, and cost of the region’s
domestic water systems. This relatively critical view of the region’s water supply was reflected in
responses to individual questions relating to characteristics of the water supply. Agency spokesper-
sons were more likely than residential respondents or spokespersons for institutional users to say that
every problem listed in the questionnaire was somewhat or very serious rather than minor or nonex-
istent for their constituency. Spokespersons for institutional water users were less likely than resi-

‘dential users or agency spokespersons to identify coal mining activities as the main cause of

water-related problems in the region (18%, 46%, and 54%, respectively). This difference may reflect
the fact that a significant number of institutional users are coal mining firms.

Spokespersons for agencies and institutional water users were also asked to recommend priorities
for data collection and research “relating to water quality and/or other hydrologic issues in Wise and
Dickenson Counties.” They were asked to make and rank three recommendations for increased re-
search support and three recommendations for data collection needs. There is a clear consensus
among those who responded that the highest priority ought to be given to data collection and research
on the adequacy of the region’s future water supply. Other major data recommendations in order of
priority involve the collection of information on the impact of development, future water supply needs,
and the effectiveness of current technology in controlling environmental hazards. Additional research
needs in order of importance are the effects of mining on the region’s water supply, a better under-
standing of environmental hazards, and evaluation of the impact of development on the environment
and region’s water supply.

Research Implications

While the population in general seems relatively satisfied with its current water supply, a significant
minority experience one or more serious problems. While it has not been possible to identify specific
factors that distinguish this group, the presence of serious water supply problems is not simply a
function of absolute distance from a potential hazard. Clearly, more research designed to identify
those groups with the most serious water supply problems is called for. As a whole, residential and
institutional water users appear less likely than agency spokespersons to be critical of the region’s
water supply. One possible explanation for agency spokespersons’ relatively critical view is that,
since they focus on water-related issues and problems in their work, they are keenly aware of and
concerned about general and long-term water-related issues. The residential population seems more
likely than either agency or institutional spokespersons to focus its attention on short-term issues
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such as the cost of water per month rather than long-term problems such as the adequacy of the re-
gion’s water supply. The disparity between the responses of agency spokespersons and those of the
general population probably exists because agency spokespersons recognize and advocate for the
needs of the minority of residents who experience serious water supply problems. If the public’s
general satisfaction with its own water system and its relatively positive assessment of its region’s
water supply is reflected in a lack of support for activities o address the needs of particular groups
or the region’s long-term water supply and hydrologic problems, then a research and public education
program focusing on water and hydrologic issues may be useful.
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The Use of Spontaneous Potential in the Detection
of Subterranean Flow Patterns in and around Sinkholes

Ronald A. Erchul and Dwain K. Butler
(Presented by Ronald A. Erchul)

Purpose

The purpose of this research was to test and evaluate an indirect geophysical measuring technique
called Spontaneous Potential (SP) on a newly developed sinkhole to determine whether this method
would be able to detect the direction of groundwater flow.

The SP method measures natural electrical potential field differences at the earth’s surface. Anom-
alies in the electric field can be produced by ore bodies, heat flow, or subsurface fluid flow. SP has
been used widely in oil well logging to detect permeable zones and has also been used to delineate
conductive ore deposit. The SP method has been used for many years in the USSR for geotechnical
applications such as seepage analysis and study of landslide processes. Publication of papers by
Soviet researchers (Ogilvy et al. 1969, Bogoslovsky and Ogilvy 1872) led to a number of geotechnical
applications in the United States.

Recently, the U.S. Army Waterways Experiment Station (WES) has used SP measuring techniques at
Gathright Dam in Virginia {Cooper et al. 1982), Clearwater Dam in Missouri (Koester et al. 1982), and
Mill Creek Dam in Walla Walla, Washington (Butler et al. 1984), to determine the abnormalities created
in the ambient electric field in cases where water was known to be flowing through porous zones of
subsurface material but the location of these zones was not well defined. WES has greatly simplified
the SP measuring technique by using copper-clad steel grounding rods as electrodes rather than the
nonpolarizing electrodes that many investigaiors have used in the past.

Methodology

The study area is. 6 mi south of Lexington, Virginia, in the southern Shenandoah Valley. This is an
area of karst topography and contains many sinkholes, which range in diameter from 8 to 300 ft and
in depth from 3 to 50 ft. Within the study area of 2 by 0.5 mi occur 25 sinkholes. Two of these were
instrumented for this study.

These two sinkholes occur at an elevation of approximately 1200 feet and are developed in the upper
portion of the Ordovician-aged Beekmantown Formation. The two sinkholes which were studied were
selected because of their location at the low end of a large uvala (they therefore receive maximum
runoff from the surface watershed), their convenient access, their representation of both collapse and
subsidence forms, and their proximity to each other {600 ft).

The SP electrode configuration consisted of a double ring of electrodes circumferentially located
around each sinkhole. Two reference electrodes were used in taking SP measurements. One refer-
ence electrode was located outside the rings of electrodes and the other was located in the center
of one of the sinkholes. Once a major drainage path around the sinkhole was detected an array of
electrodes was used to track the drainage path.

Results to Date

SP data was taken over a six-month period for the two sinkholes and tracking arrays. SP was effec-
tively used in the detection of surface and subsurface drainage around the sinkholes. The same SP
technique was also able to track a subsurface drainage path for over 600 ft from one sinkhole into
another sinkhole. Confirmation of the SP data was obtained by visual observation, electrical resistivity
measurements and geological studies. The SP data for a given electrode varied greatly over time by
variation between electrodes remained relatively constant. Changes in ground water flow or surface
ground temperature or a combination of these and other factors are probably responsible for fluctu-
ating SP values.
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In general, it seems that SP values decrease with a decrease in temperature or an increase in pre-
cipitation. This is consistent with work presented by other investigators (Ogilvy et al. 1969, Bogos-
lovsky and Ogilvy 1972, Cooper et al. 1982, Koester et al. 1982, Butler et al. 1984, Cooper 1983) in that
an increase in water flow resulted in a lowering of SP values. The effects of temperature fluctuation
on SP values have been studied by Corwin and Hoover {1978). They have noted a coupling effect and
describe a decrease in SP values over geothermal areas (where temperature extremes are high). In
this study area, as surface temperatures decrease in winter months a thermal couple develops be-
tween the cool surface and warmer ground at depth. This thermal difference may approximate the
effects of geothermal areas and thus SP values decrease as surface temperature decreases. In
summer months the temperature differences between surface and subsurface are reversed. A similar

correspondence between temperature and SP is noted, although the response is not as marked, this

could probably be due to a greater lag time in ground warming for these months.
Research Implications

The major Implications from this research are the following:

1. The SP technique used in this study was effective in detecting surface and subsurface drain-
age around a sinkhole. In addition, the SP technique was able to track one drainage path for
over 600 ft into another sinkhole.

2. Confirmation of SP data was obtained by visual observation of surface runoff into the instru-
mented sinkhole, by

3. Although SP values varied significantly during the six-month (July to December 1985) testing
period for individual electrodes, the ranking values between electrodes were consistent. This
was also true if the position of the reference electrode was changed. [t appeared that changes
in precipitation and surface ground temperature had the greatest affect on the variation of SP
data over the testing period.
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A Rapid Technique for Isolating Fecal Coliforms from Soil

Charles Hagedorn

Problem Statement

The U.S. Environmental Protection Agency (EPA) is revising drinking water regulations in response to
requirements of the Safe Drinking Water Act. This involves a comprehensive reassessment of the
Interim Drinking Water Regulations established in 1976, and a review of new information on health risk
and engineering process controls. These revisions will affect monitoring procedures at the site and
in the laboratory. As previously, routine measurements of microbial contamination (total coliform
bacteria and turbidity) will be part of the revised regulations. Proposed new criteria include limiting
heterotrophic plate counts (HPCs) and providing protection from virus and Giardia occurrences. In
addition, new regulations will require more frequent sampling for small water systems as well as
identification of coliforms if the presence-absence coliform concept is chosen for compliance purposes
(Geldreich, 1986). _

Objective
The purpose of this investigation was:

1. To develop a rapid microtitration most-probabie-number (MPN) technique that will provide
rapid, accurate, and reliable recovery of fecal coliforms from soil and water.

2. To test the efficacy of such a technique in enumerating heterotrophic bacterial populations as
part of proposed EPA regulations.

Methodology

Microwell plates {(each 8 x 12.5 x 1.3 cm, 12 rows of eight microwells, 0.225-m*® maximum cubic volume
per microwell) were drilled from polycarbonate blocks and designed to fit inside a 15-cm glass petri
dish for autoclaving. Used plates were washed and then rinsed with distilled water for reuse. Re-
peated autoclaving had little effect on the polycarbonate. Results from polycarbonate plates were
compared with results from prepackaged sterile polystyrene plates (Linbro Scientific, Hamden, Conn.).
The soil samples (containing sludge amendments) were diluted by piacing 10 grams of soil in 90 ml
of 0.1% peptone water. Plates were placed on a damp paper towel to eliminate static charge accu-
mulation (Conrath, 1972) and loaded with lactose broth (Difco Laboratories, Detroit, Mich.) with an
8-channel micropipette (Flow Laboratories, Inc., MclLean, Va.). The micropipette also delwered 100
microliters of single-strength lactose per mlcrowell

Diluted soil samples were shaken vigorously for 1 minute and allowed to settle for 40 seconds. Ap-
proximately 30 ml of the sample was poured into a sterile 10-cm petri plate for pickup with the mi-
cropipette, and the rest of the sample was used for 10-fold dilutions in the standard
elevated-temperature fecal coliform MPN procedure. Microwell plates were oriented with the initial
dilutions furthest from the airflow to minimize aerosol contamination. The micropipette discharged
100 /! of the sample per microwell into the first row of eight microwells. The wells were mixed 10
times by drawing up and discharging the micropipette gently to minimize splashing. In this manner,
11 rows were serially diluted; row 12 was left uninoculated as a control. The completed microwell
plates were incubated for 9 h at 35° C. A multipoint inoculator (Fung and Miller, 1970) was sterilized
by ethanol flaming and used to transfer a sample of each incubated microwell to a surface-dried,
15-cm m-FC (Difco) plate. Surface-drying the plates minimized spreading-type colonies. The m-FC
agar plates were placed in a plastic bag and incubated underwater in a coliform incubator bath (Pre-
cision Scientific, Chicago, lll.) for 15 h at 44.5 & 0.2° C. Characteristic blue colonies were counted and
converted to MPN values by using the three-column MPN code of Rowe et al. (1977). Soil moisture
corrections, determined as a percentage of the dry to wet soil weight after overnight incubation in a
110° C drying oven, were used to establish final corrected MPN values. The m-FC medium was used.’
Differences between m-FC and -EC media were determined by inoculating a sample from each mi-
crowell of incubated lactose broth into a test tube (15 x 150 mm) containing a Durham tube and 10
mi of EC broth. Test tubes were incubated for 48 h at 44.5 + 0.2° C in the coliform incubator bath,
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and were checked for the presence or absence of gas. Results were correlated with previous results
from the m-FC agar plates.

Results to Date

MPNs from polycarbonate plates were not significantly different from MPNs on prepackaged, sterile
polystyrene plates. Incubation of lactose broth for less than 9 h resulted in a significantly fewer of
counts on the m-FC agar, whereas incubation for longer than 9 h had no effect on m-FC agar count.

A correlation coefficient (r) of 0.86 (95% Cl of 0.76 < r < 0.92) was obtained when the micro-MPN
technique was compared with the standard elevated-temperature EC tube technique. The line of best
fit is expressed as: logy = 0.69 log X : 0.95. Of 3,872 microwells, 96.4% (3,733) were m-FC*/EC* or
m-FC™/EC™, 3.6% (139) were m-FC*/EC~, and none was m-FC™/EC* Assessments of m-FC*/EC™ vari-
ation demonstrated no discernible variation of m-FC*/EC™ microwells either over time or among the
four sampling sites. All control microwells were negative.

The r between the standard fecal coliform MPN technique and the micro-MPN technique indicates they
are closely related. MPN values from the two techniques are statistically significant (P < 0.01, paired
t-test). Reasons for this difference are the increased end-point accuracy of 2-fold over 10-fold serial
dilutions and the use of a three-column MPN code instead of a code of four or more columns. The
three-column code was used for simplicity. The use of the slightly less restrictive EC agar would in-
crease MPNs. '

Research Implicatloﬁs

The major disadvantage of this microtechnique is the initial cost of materials. Costs can be reduced
by using reusable polycarbonate plates, a simple glove box instead of a laminar flow hood (D. Y. C.
Fung, personal communication), and reusing polypropylene tips of the eight-channel micropipette.
Advantages of this microtechnique are substantial savings in both time and media. The technique is
especially appropriate for nonfilterable environmental samples. Fecal coliform populations could be
accurately determined in only 24 h using 8 replicates of two-fold dilutions.

This procedure may be useful to local officials who may have to sample water supplies more fre-
guently under proposed EPA regulations. The applicability of this technique in determining total het-
erotrophic bacteria and fecal coliforms in less contaminated water supplies should be examined.
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Assessing Subsurface Biodegradation of Organic Chemicals
by the Microcosm Approach

Gary T. Hickman and John T. Novak
(Presented by Gary T. Hickman)

Problem Statement

Contamination of subsurface systems by organic chemicals, even at low levels, can render ground-
water unacceptable for drinking or for other uses — constituting a health hazard if not detected. Cle-
anup of contaminated groundwater may require costly pumping and treatment techniques. In-situ
biotransformation by naturally-occurring microorganisms has been found to be an important removal
process for some organic chemicals in subsurface systems. Thus, it is important to be able to esti-
mate biodegradation rates for use in solute transport models and to assess the need for remedial
action.

Objective

The objectives of this microcosm study are to evaluate biodegradation rates of selected organic
chemicals in soils and to take a broader look at the kinetics of subsurface biodegradation.

Methodology

The microcosm approach is a direct, as opposed to theoretical, technique for assessing biodegrada-

" tion rates in soil systems. Authentic subsurface material containing native bacteria is added to test

\

tube microcosms which are then dosed with a deoxygenated organic chemical solution, precluding
headspace {producing saturated, anoxic conditions), and incubated at the ambient temperature of the
system. Chemical disappearance is monitored over time via gas chromatography.

Subsurface soils have been collected at several sites in the eastern United States — including three
in Virginia — representing a wide range of soil types, particle size, moisture content, redox conditions,
and chemical characteristics. This paper concentrates on data obtained using Blacksburg, Virginia,
soils which were sampled at several depths and locations within a localized area. Methanol, tertiary
butyl alcohol (TBA), and phenol were used as organic substrates to represent an easily degradable
solvent, a refractory gasoline additive, and a common industrial compound, respectively.

Soil bacteria are being enumerated by spread plate viable counts, incubated both aerobically and
anaerabically, by acridine orange epifluoresence direct counts, and by most probable number tests
(MPNs) in which the chemical of interest is added as the sole carbon source.

Results to Date

Methano! and phenol are degraded relatively rapidly in Blacksburg soils, with most average degra-
dation rates (initial concentration = 100 mgL™" incubation temperature = 10° C) falling within the
ranges of 0.5-2.0 mgL™*d™* and 0.25-1.75 mgL~'d™", respectively. These rates concur with the ranges
observed in similar experiments using soils from other sites in Virginia, Pennsylvania, and New York
{Goldsmith 1985; White 1986; Smith and Novak 1987). Disappearance curves (concentration-time plots)
are concave downward, approximating first (or mixed) order kinetics for these two chemicals. Aver-
age first-order reaction rate constants vary from 0.002-0.012 d~* and 0.002-0.009 d~* per dry gram of
soil for methanol and phenol, respectively. The heterogeneity of the soil profile, with respect to
biodegradation potential, is evidenced by the fact that at a given site the reaction rate constant varies
by as much as a factor of five over a 10-ft change in depth.

TBA is relatively refractory in Blacksburg soils. Concentration-time plots exhibit a long, linear lag
phase of slow but constant degradation followed, in at least some cases, by a defined increase in di-
sappearance rate. Average zero order, 10° C reaction rate constants during the lag phase for an in-
itial TBA concentration of 100 mgL™' are on the order of 0.01-0.1 mgL™" Novak et al. (1985) have
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observed that although the rate of TBA degradation is constant, it is first order with respect to the
initial substrate concentration.

Biodegradation of organic chemicals at 10° C often is slow, requiring considerable periods of time to
evaluate degradation rates. In evaluating biological wastewater treatment processes, temperature
corrections are commonly made using the modified Arrhenius equation:

Ky = K19(T1 -T2

Where K; = reaction rate constant at temperature i (T)) and ® is called a temperature coefficient. For
the Blacksburg soils, over the temperature range 10-30° C, ® has an average value of 1.04 for the
biodegradation of both methanol and phenol. Using this correction, the rate constant can be more
quickly evaluated at a higher incubation temperature and then adjusted back to the ambient-temper-
ature rate.

Microbiological studies are being conducted in an attempt to identify and quantify the group(s) of
bacteria responsible for degrading the introduced substrates; this would facilitate biokinetic analyses.
Viable counts range from 10*-10° CFU per gram of soil in the Blacksburg samples. A direct relationship
occurs between aerobically incubated viable count and degradation rate for the chemicals studied,
while the substrate-specific MPNs did not yield a good correlation. Anaerobic studies are ongoing.

Research Implications

Methanol and phenol are readily biodegraded in subsurface soils from Blacksburg as well as other
sites studied in Virginia, Pennsylvania, and New York. TBA is persistent in previously uncontaminated
soils yet is biodegraded at a slow rate. Bacterial viable counts are a decent indicator of biodegra-
dation potential and also may be instrumental in biokinetic analyses that ultimately provide informa-
tion for unstudied sites.
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Potential of Groundwater Bacterial Populations to Adapt
To Perturbations of Pentachlorophenol and Tertiary Butyl Alcohol

Steven A. Baranow, James B. Chadduck, and Robert E. Benoit
(Presented by Steven A. Baranow)

The biology of subsurface soils received very little study until recently because of the long-standing
assumption that groundwater contained few, if any, microorganisms. Furthermore, standard drilling
procedures made it impossible to obtain uncontaminated deep soil samples for microbioiogical ex-
amination. The stimulus to examine the microbiology of groundwater was the increased use of
groundwater as a potable water supply and a general concern about the capacity of subsurface mi-
croorganisms to respond to chemical perturbations.

This study was part of a cooperative project with John T. Novak of the Civil Engineering Department
of Virginia Tech. We have attempted to address the question, Do groundwater systems have the ca-
pacity to degrade or detoxify biochemical compounds which enter subsurface systems? We have
used biologically recalcitrant model compounds such as tertiary butyl alcohol (TBA) and pentachlo-
rophenol {PCP) to test the question. Subsurface cores from pristine and contaminated sites were
obtained to condiict the study.

The objectives of this study were to find answers to the following questions:

1.  What are the microbiological characteristics of subsurface soil as compared to surface soil?
Are there any differences in the subsurface microbial characteristics of pristine and contam-
inated soils?

2. Can subsurface microorganisms decompose recalcitrant chemicals such as PCP and TBA?
Is it possible to introduce microorganisms inte contaminated subsurface soils to facilitate de-
composition?

Before this study, there was little, if any, evidence that TBA could be metabolized by microorganisms
in mixed or pure culture. This alcohol is used as an additive in certain gasolines, and since it is sol-
uble in water, there is the possibility that it could enter groundwater systems during gasoline spills.
PCP is a very recalcitrant compound, but it can be slowly degraded by aerobic or anaerobic mi-
croorganisms which have been isolated from sludge and surface soil systems. Until this study,
whether groundwater microorganisms could decompose this highly chlorinated and widely used
compound was not known. Investigators have hypothesized that subsurface systems may required a
long time to effect decomposition of recalcitrant compounds after a chemical spill because of a lack
of species diversity, time required to produce a new population, and unfavorable conditions for mi-
crobial growth.

We examined the microbial characteristics of several deep subsurface sites and found a significant
microbial biomass in all cases at all depths. However, differences in the quantity of live organisms
were correlated with subsurface moisture differences. The bacterial species diversity of subsurface
soils was less than that of surface soils. With the exception of the isolation of certain yeasts species,
no eukaryotes were observed.

Bacteria which could degrade TBA as a sole carbon and energy source were isolated from the con-
taminated site but not the pristine sites. This is the first time that a pure culture of a TBA degrading
microorganism has been isolated. We are examining the physiology and genetics of this unusual,
slow-growing bacterium.

We have used enrichment cultures of subsurface soils to determine if PCP-degrading microorganisms
are present in various subsurface samples. We have observed chloropentaphenol degradation in
several enfichment cultures from the contaminated site after 26 d of incubation at 20° C. These media
contained 20 ppb to 40 ppm PCP. Maximum degradation was observed in aerobic and microaerophilic
enrichment cultures. PCP degradation was observed in anaerobic enrichments but activity was less
than that observed under aerobic conditions. Methlotrophic enrichments were not very successful in
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achieving PCP degradation. We observed that high concentrations of PCP inhibited the growth of
sulfate-reducing bacteria isolated from groundwater. Groundwater sulfate reducers may be more
sensitive to the toxic effects of PCP than sulfate reducers isolated from surface waters and soil.
However, we observed PCP degradation in the sulfate reducing enrichments after 37 d of incubation
when PCP was present at low concentrations.

The subsurface microbial system examined in this study did respond to such recalcitrant substrates
as PCP and TBA. However, it may take a long time to induce decomposition in situ. The time required
to achieve a significant biodegradation response in subsurface soil will be a function of the hydrology,
chemistry and abiotic conditions of the aquifer.
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Movement and Disappearance of Fungicides in Virginia Soils

R.J. Stipes, D.B. Janutolo, C.W. Conner,
W.H. Elmer, R.M. Cu, and M.J. Weaver
(Presented by R.J. Stipes)

Problem Statement

Fungicides constitute one class of pesticides applied in large amounts in the southeastern Virginia
cropping area where they eventually can become a component of the water poliution complex of the
Chesapeake Bay and its tributaries. For example, 228 tons of chlorothalonil (Bravo) fungicide are
applied per growing season for the control of only one disease on one crop (early leafspot of peanut)
in southeastern Virginia. Its fate on plants, in soil and groundwater and in watercourses is unknown,
not to mention its effect on soil microflora and microfauna or its interaction with other pesticides. In
order to clarify the impact of fungicides, soil movement and disappearance phenomena where inves-
tigated.

Objective

The purpose of our series of experiments was to monitor the movement and disappearance of fungi-
cides that are either (1) applied directly to the soil for control of “damping off” or other rooct diseases,
or {(2) those that are deposited there as a resuit of application to above-ground plant parts such as
leaves and stems for the control of leafspot and stem or crown lesions. In additional studies, we ob-
served the effect of certain fungicides on population densities of the soil microflora, specifically bac-
teria (including Actinomycetes) and fungi.

Methods and Materials

Raw soils, that is, freshly sampled soils from either cultivated or uncultivated fields in taxonomically
documented soil areas were used in all cases. Soils most commonly employed were Woodstown
loamy sand, representative of the southeastern Virginia cropping area near Suffolk and in which
peanuts, corn and soybeans are commonly planted; and Lodi loam that occurs in the Virginia high-
lands. On occasion, other types intermediate in soil texture were used.

Soil mobility was assayed by soil thin-layer chromatography (STLC) and the standard soil column
percolation technique. For STLC, glass plates were coated with a 500 micrometer layer of the candi-
date soil, applied as a mud slurry and allowed to dry. Fungicides were spotted, the plates irrigated
with water and the STLC “"developed” by bicautography in which a fungicide-sensitive fungus in a
nutrient solution is sprayed onto the chromatogram and the plate incubated to allow growth; fungicide
mobility levels were determined from Rf values. In soil column tests, fungicide suspensions or sol-
utions were percolated through segmented polyvinyichloride “pipes” or columns filled with candidate
soils. Fungicide residues were extracted from soil samples removed from column sections and
guantified by standard dosage/response curve techniques when possible.

For soil disappearance (degradation) monitoring, raw soils were amended with fungicides, incubated
at various temperatures and times, treated to release residues and the residues quantified. Microbial
populations were determined by standard soil microbiological procedures by removing microflora in
water suspensions and plating them on selective media that permit the growth of the desired micro-
bial group(s) to be monitored.

Fungicides from four chemical classes were used: (1) dicarboximides — captan and difolatan; (2) im-
ides — dicloran, iprodione and vinclozolin; (3) benzimidazoles — benomy!, carbendazim, and their
hydrochloride, phosphate or hypophosphite salts and (4) the acylalanine compound, metalaxyl.
Results

Benzimidadoles were either immobile or poorly mobile in soil, while their salts were significantly
more mobile. Tween surfactants greatly enhanced mobility. Iprodione and vinclozolin were mobile
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in all soils, whereas their analog, dicloran, was relatively poorly mobile. The dicarboximides, captan
and difolatan, were both moderately mobile, with captan being more mobile and percolating to a 20
cm depth in the soil columns. Metalaxyl is highly mobile in all soils tested, and percolated readily in
soil horizons with high clay content. All compounds degraded in soil {(Figure 1A, B, C), due to hydro-
lytic reactions or to microbial attack in which enzymatic cleavages readily occur. None of the fungi-
cides could be considered as highly residual or “hard.” Enhanced biodegradation phenomena were
observed with metalaxyl. Some of the fungicides affected soil microflora, while others (benzimida-
zoles) had no appreciable effect (Figure 2).

Research Implications

Fungicides, as one component of the pesticide complex, constitute a pollution concern to the waters
of Virginia. Little is now known of their contributory impact in the overall agricultural industry in Vir-
ginia, especially in the southeastern sector where cropping activities are extremely intense and where
pesticides, not to mention fertilizers, are deposited by the tons. The interactions of fungicides with
other pesticides are virtually unknown. Much remains to be investigated in this relatively unre-
searched area of soil and water fate of fungicides used in Virginia.
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Disappearance of residues of dicloran (A), iprodione (B) and vinclozolin (C) in Lodi loan
soil incubated at 21 and 28° C after a 6-p/g soil incorporation.
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stormwater modeling, he is the principal author of STORM, SWMM/EXTRAN, and other models for
urban stormwater and flood management. He has more than 19 years’ experience with stormwater
management studies and is the recipient of the American Society of Civil Engineers’ Walter L. Huber
Research Prize for his work on computer models for urban stormwater management.

B. Blake Ross is an assistant professor of agricultural engineering at Virginia Tech. He was awarded
an A.S. degree by Bluefield College in 1972, a B.S. by Virginia Tech in 1972, an M.S. in 1974, and a
Ph.D. in 1978. He joined the Tech faculty in 1981.

Sara A. Rosenberry, a member of the Virginia Tech faculty since 1977, is an associate professor of
environmental and urban systems. She holds an A.B. degree from the University of California and
M.S. and Ph.D. degrees from Rutgers.

Denise W. Scott received a B.A. in biology from the University of North Carolina at Chapel Hill in May
1983 and has recently completed the requirements for an M.S. in environmental science and engi-
neering at Virginia Tech. Her thesis focused on the problems posed by household hazardous wastes
in Virginia. She is currently working as a research assistant examining the management of under-
ground storage tanks.

Vernon O. Shanholtz is an associate professor in the Depariment of Agricultural Engineering at Virgi-
nia Tech. After receiving bachelor’'s and master’'s degrees from West Virginia University, he took a
Ph.D. in civil engineering from Virginia Tech in 1970. A member of the Tech faculty since 1963, his
interests include computer applications to hydrologic systems.

Joseph H. Sherrard is a professor of civil engineering at Virginia Tech. A 1964 graduate of V.M.L, he
received an M.S. from Sacramento State in 1969 and a Ph.D. from the University of California at Davis
in 1971, :

S.P. Shrestha is a graduate student at Virginia Tech. He received his B.S. from Regional Engineering
College, India, in 1981 and an M.S. from Hawali in 1985.
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Thomas W. Simpson joined the Virginia Tech faculty in 1980 and currently holds the rank of associate
professor of agronomy. A 1971 graduate of Virginia Tech, he holds M.S. and Ph.D. degrees from Penn
State.

R. Jay Stipes holds B.S., M.S,, and Ph.D. degrees from Waynesburg College, West Virginia University,
and North Carolina State University, respectively. After serving as a research scientist with the U.S.
Department of Agriculture at Delaware, Ohio, he came to Virginia Tech in 1967 and is now professor
of plant pathology. He specializes in diagnostic and management procedures of diseases of land-
scape trees and has explored the role of fungitoxicants in disease management, as well as their mo-
bility and residual profiles in soils to which they are applied. Fungicide contamination in soils is cne
very important aspect of water pollution in Virginia, especially in the Chesapeake Bay, which receives
the residues of many pesticides applied in the southeastern Virginia cropping area.

Cynthia S. Taylor was awarded a bachelor of arts degree with a major in political science by Chris-
topher Newport College and a master’s in urban studies by Old Dominion University. A senior planner
with the city of Newport News, she has been involved with comprehensive land use planning for more
than two years. Prior to that she has been responsible for zoning and land development regulations
for the City of Newport News. Her experience includes having worked with the local wetlands board
and currently with the local beach erosion advisory commission.

Daniel B. Taylor has been an assistant professor of agricultural economics at Virginia Tech since 1981.
A 1871 graduate of Cornell University, he received an M.8. degree from the University of Maine in 1976
and a Ph.D. from Washington State University in 1978,

Paul S. Thompson received a B.A. in political science in 1981 and a B.S. in biology in 1984, both from
Roanoke College. He expects to complete work on a master’s degree in urban and regional planning
at Virginia Tech in June 1887. He is currently a research assistant at Tech, investigating financial
responsibility requirements for underground storage tanks.

M.J. Weaver has a B.S. from Edinboro State University in Pennsylvania, an M.S. from West Virginia

University, and a Ph.D. from Virginia Tech. He is coordinator of the Virginia Tech Chemical, Drug, and
Pesticide Unit.

K.J. Ying is a graduate student at Virginia Tech. He received his B.S. from Chen Kung University,
Taiwan, in 1979, an M.S. in civil engineering in 1983, and an M.S. in mathematics from lowa in 1985.
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