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  FEATUREFEATURE  ARTICLEARTICLE   

 

Revisiting that Pesky Acronym, TMDLs 
 
 Editor’s note:  The October 1998 Water Central 
feature discussed two of the most-used phrases in 
Virginia water-quality discussions these days:  
impaired waters and TMDLs. In this issue’s feature 
article, we begin a two-part, return visit to the TMDL 
story. This article reports major TMDL-related 
developments occurring in Virginia since last year 
and those expected in the coming months. The 
December 1999 issue will continue the theme, using a 
series of graphs to summarize Virginia’s most recent 
impaired-waters list. 
 The glossary on page 7 defines possibly 
unfamiliar terms in this article and the following 
Science article; terms included in the glossary are 
printed in bold when first used in the text. 

d 
 

The Litigation Story 
 On June 11, 1999, the American Canoe 
Association, Inc., and the American Littoral 
Society signed an agreement that settled a 
lawsuit against the U. S. EPA over water 
quality in Virginia.  This does not mark the 
end of disagreements—among sewage-
treatment works, cities, agricultural groups,  
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industrial groups, environmental groups, 
state and federal regulators, and others—
over the condition of Virginia’s waters or over 
clean-up strategies.  But it is the beginning of 
a 12-year schedule (starting from 1998) for 
Virginia to set total maximum daily loads, or 
TMDLs, for all impaired waters identified 
by the state and EPA. 
 The TMDL acronym has two related 
meanings.  First, it means the maximum 
daily amount of one or more pollutants that a 
body of water can receive and still meet 
water-quality standards.  Second, TMDL 
refers to an implementation plan to reduce 
pollutants to the level needed for the water 
body to meet water-quality standards.  
Hereafter, for clarity, we will refer to TMDL-
amount for the first meaning and TMDL-plan 
for the second. 
 The federal Clean Water Act  (CWA), 
signed into law in 1972, sought to restore and 
maintain the quality of the country’s waters 
by controlling point-source and nonpoint-
source water pollution.  Section 303(d) of the 
CWA requires states to identify and list 
impaired waters (waters not meeting water-
quality standards), rank the waters by 
priority, and establish TMDL-amounts for 
them.  In the 1980s, grassroots groups began 
suing the EPA, trying to force the federal 
agency and states to act on the TMDL 
provisions of Section 303(d).  The litigants 
sued EPA, rather than the respective states, 
because the CWA states it is the EPA’s job to 
identify impaired waters and set TMDL-
amounts if the states do not. 
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 That was the main thrust of the lawsuit 
in Virginia:  that the EPA did not identify the 
state’s impaired waters and create TMDL-
amounts when Virginia failed to do so.  
Nationwide, many similar lawsuits have been 
filed or are planned (please see page 6 for a 
list of TMDL litigation by state). 
 The consent decree1 that was entered in 
the U.S. District Court for the Eastern 
District of Virginia requires the following:2 
•sets out a 12-year schedule for 
establishment of TMDL-amounts for all 
impaired waters on Virginia’s 1998 Section 
303(d) list, as amended by EPA on May 10, 
1999, and for waters that may be included on 
Virginia’s next 303(d) list (in 2000); 
•provides that EPA will ensure that TMDL-
amounts are established if Virginia does not; 
•requires EPA to review Virginia’s continuing 
planning process by the end of next year (a 

                                                
1 A consent decree is a court order to which all 
parties agree.  (Black’s Law Dictionary, 1999) 
2 The main sources used in this article for the terms 
of the consent decree in Virginia are summaries of 
the decree by EPA and the American Canoe 
Association. 

continuous planning process is another 
mandate of the CWA, in Section 303 e); 
•states that EPA must provide future lists 
and TMDL-amounts to the U. S. Fish and 
Wildlife Service and the National Marine 
Fisheries Service, to help ensure that any 
threatened or endangered species are 
identified and protected—in accordance with 
the Endangered Species Act—in areas where 
a TMDL-amount is to be implemented; 
•states that EPA must evaluate Virginia’s 
water-quality monitoring program and issue 
a report by mid-2000; and 
•requires that all readily available data and 
information be used to identify the state’s 
most heavily polluted waters, and required 
national notice of those waters. 
 Representatives also signed a settlement 
agreement that requires EPA (Region III) to 
give technical guidance to Virginia on the 
establishment of TMDL-amounts for shellfish 
waters within three years. 
 Thomas Henry, of EPA’s Region III office, 
said the agreed-upon schedule is ambitious 
but achievable.  “It will require additional 
commitments from both Virginia and EPA,” 
he said. 
 One significant impact of the lawsuit will 
likely be its effect on just what waters end up 
on the state’s 303(d) list.  Deciding what 
waters are impaired has been a complicated 
and contentious issue. 
 
Debate over What’s Impaired 
 Every two years since 1994, Virginia has 
issued a list of impaired waters, which is then 
subject to EPA approval.  The lawsuit in 
Virginia charged that EPA should not have 
approved Virginia’s 303(d) report for 1996.   
The plaintiffs claimed that Virginia failed to 
monitor all waters for compliance with 
standards, and that the report did not include 
all waters that are impaired, all pollutants 
causing impairment, or any TMDL-amounts.3 
   Much of the disagreement swirls around 
how many standard-exceeding samples are 
                                                
3 “Notice of Intent to File a Citizen Suit Under the 
Clean Water Act and the Endangered Species Act.” 
Widener University Environmental and Natural 
Resources Law Clinic, Wilmington, Delaware. 
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needed for a water body to be considered 
impaired.  Under EPA rules, if 10 percent of 
samples from a water body does not meet a 
given standard, that water body is considered 
impaired.  That has not been the case under 
Virginia’s rules, but Virginia will follow this 
rule in its next impaired-waters list. 
 When DEQ submitted its 1998 report, 
EPA approved part of the list and rejected 
other parts.4  Virginia had listed about 200 
state waters; in May, 1999, EPA required 
about 70 waters to be added.  Perhaps of most 
significance, Virginia’s list did not include the 
Chesapeake Bay or its tidal tributaries, and 
EPA added those waters to the list. 
 Mr. Henry, of EPA, said there was 
professional disagreement about whether to 
list the Bay.  EPA believed that “the [state’s] 
existing approach was based on goals and not 
on achieving the existing state-adopted water 
quality standards,” Henry said.  “We viewed 
the goals as [not strict enough] and not 
representative of the actual water-quality 
standards.” 
 The dispute over the Bay’s listing could 
lead to more lawsuits.  In August, the 
Virginia Association of Municipal 
Wastewater Agencies threatened to sue EPA, 
claiming that mandates to improve sewage-
treatment plants in the Bay watershed could 
double water customers’ bills and hurt 
economic development.  Treatment plant 
officials also argue that the greatest source of 
pollutants is not from wastewater plants but 
from agricultural fields and urban areas. 
 Charles Martin, of the Virginia DEQ, 
could not estimate how much more the 
lengthened list will cost the state; an 
estimate is currently being calculated.  But 
he did say that just the mathematical 
modeling associated with each water segment 
will cost between $30,000 and $35,000.  That 
does not include the cost of implementing a 
clean-up program, public participation, or 
DEQ’s time. 
 
                                                
4 According to the EPA, Virginia is one of eight 
states whose lists were partially approved and 
partially disapproved.  Besides these eight, four 
states’ lists are still being reviewed, and the lists 
from the remaining states have been approved. 

Virginia Gains EPA Approval of 
First TMDL-Amount 
 The recent lawsuit’s path ran parallel to 
Virginia’s efforts to refine and implement 
some of its TMDL program.  “It was business 
as usual,” Mr. Martin said, as DEQ 
structured its work using a “memorandum of 
understanding” that was associated with the 
lawsuit.  The final consent decree varied little 
from the one-year-old memorandum, he said. 
 In September, 1999—after about 10 
months of work—DEQ gained EPA’s approval 
of the state’s first TMDL-amount.  The water 
body at issue is a 10.4-mile section of Muddy 
Creek (Rockingham County), impaired by 
fecal coliform bacteria. 
  Mark Bennett, TMDL program manager 
for the Virginia Department of Conservation 
and Recreation (DCR), said that Muddy 
Creek got the first TMDL-amount not 
because it was considered the most polluted 
water in the state, but because researchers 
already had a large amount of water-quality 
and land-use data there.  DCR attributes 
most of the pollution to nonpoint sources, 
including failing septic systems, farm 
animals in the stream, and agricultural 
runoff (Rockingham County has about 
236,000 acres devoted to farming, about 43 
percent of the county’s total area). 
 With the fecal-coliform TMDL-amount 
set for Muddy Creek, DCR and DEQ now 
need to develop a TMDL implementation 
plan.  Because this will be Virginia’s first 
TMDL-plan, there is no well-charted course.  
One thing known, however, is that the state 
will need to work with people who will be 
affected by the TMDL-plan.  Around the 
state, many citizens are already involved. 
 
Citizens’ Involvement 
 Citizens in the watersheds of impaired 
waters have several opportunities for 
participation in the TMDL process, beyond 
public hearings and other traditional 
avenues.  DEQ and DCR are working with 
nonprofit groups to set up watershed councils 
with citizen representation, and DCR is 
trying to develop roundtables for each basin.  
Meanwhile, volunteer groups statewide are 
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offering people some potentially very 
significant roles in Virginia’s water-quality 
arena.  Here are three examples: 
 1) The Muddy Creek Citizens Advisory 
Group formed to offer a well-organized citizen 
response to the TMDL process there, 
according to Carl Luebben, chair of the 
environmental committee for the Rockingham 
County Farm Bureau Association.  The 
advisory group includes farmers, politicians, 
other residents, and an environmental 
engineer.  According to Luebben, Muddy 
Creek watershed has had excellent citizen 
participation:  Between 250-300 people 
attended each public meeting, and a strong 
working relationship and respect is forming 
between the state and citizens.  Luebben 
stated that citizens have to act as the checks 
and balances on the local level for the TMDL 
process.  “They have to have a voice in this 
whole process,” he said. 
 2) Of Virginia’s 49,000 total stream 
miles, the DEQ monitors only 17,000 miles 
(about 35 percent).  Citizens’ groups are 
making substantial efforts to increase the 
number of routinely monitored miles. 
 In the York River watershed, citizens are 
adding to state monitoring efforts by serving 
as volunteer members of supervised teams 
conducting “rapid bio-assessments” of 
impaired streams.  Billy Mills, program 
coordinator for the York Watershed Council,5 
explained that these assessments do not 
involve physical or chemical tests, but rather 
documenting, photographing, and mapping 
observable stream characteristics, land uses, 
and circumstances that might be affecting 
stream water quality.  “These assessments 
can be valuable to [the state’s] resources-
management agencies by locating and 
characterizing additional or alternative 
water-quality monitoring stations for better 
long-term monitoring,” Mills said. 

                                                
5 The York Watershed Council is a consortium of 
seven soil and water conservation districts, three 
citizen groups, representatives of the Virginia 
Institute of Marine Science’s Center for Coastal 
Management, and state agency representatives.   
It is funded by the General Assembly through 
DCR in support of tributary strategy planning.   
 

 3) A statewide effort that relates to, but 
also goes beyond, the TMDL story is the 
Virginia Save Our Streams Program, a 
project of the Izaak Walton League.  This 
program trains citizens to collect biological 
data that helps indicate water quality.  The 
program then shares the information with 
the state.  According to Jay Gilliam, the state 
coordinator, the program seeks to involve 
citizens in protecting and, where necessary, 
restoring the state’s waters. 
 “I think citizens have to demand to be 
part of the overall assessment process, not 
just TMDLs,” Mr. Gilliam said.  “A TMDL is 
a whole strategy…looking at a watershed and 
figuring out what parts are impaired and 
then determining what land uses are in the 
watershed.  Agency people can’t do that.   
Only the people who live and work there can 
do that,” he said. 
 
EPA Proposes Change in State 
and Federal Duties 
 A more-detailed TMDL process may 
occur if newly proposed regulations from EPA 
gain approval.6  The proposed regulations 
include changes to the National Pollutant 
Discharge Elimination System (NPDES)7 and 
water-quality standards regulations.  
According to the EPA, “the purpose of the 
proposed revisions to the TMDL regulations 
is to provide states with clear, consistent, and 
balanced direction for listing waters and 
developing TMDLs….”  The proposed 
regulations address the methods used to 
determine whether a body of water is 
impaired and clarifies what each state TMDL 
must contain. 
 Rick Parrish, of the Southern 
Environmental Law Center,8 was one of 20 
members of a federal advisory committee 

                                                
6 The regulations were listed in the August 23, 
1999, edition of the Federal Register. 
7 The NPDES system is a permitting program, 
authorized under the Clean Water Act, designed to 
eliminate pollution from point sources. 
8 SELC is a non-profit, regional organization 
dedicated to protecting the natural areas and 
resources of Alabama, Georgia, North Carolina, 
South Carolina, Tennessee, and Virginia. 
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whose recommendations in July, 1998, helped 
guide the proposed revisions.  He said it is 
hard to predict the impact of the proposed 
TMDL revisions, because the whole process is 
in its infancy.  “I do think…however,” he said, 
“that TMDL-based watershed-recovery plans 
would be significantly more detailed under 
the new rules, with a significantly greater 
likelihood of success in achieving our water 
quality goals and objectives.” 
 Mr. Henry, of the EPA, said the proposed 
revisions would make state listing 
methodologies more specific and subject to 
public review, and require that the methods 
be submitted to EPA well in advance of the 
actual 303(d) list submission. 
 The DEQ’s Martin said the proposed 
regulation would have “profound effects on 
the listing process and TMDL process.”  One 
of the biggest impacts would be to require 
that a TMDL-plan be developed at the same 
time as the TMDL-amount.  Before now this 
has not been required by the EPA.  In 
Virginia, General Assembly legislation 
addressing impaired waters (SB1122, passed 
in 1997) does require TMDL implementation 
plans, but the plans can be done after the 
TMDL-amount is established.  The proposed 
federal regulation—making the plan “an 
integral part of the TMDL,” according to 
Martin—would significantly increase the 
time and effort needed for Virginia to meet 
the consent decree’s schedule for establishing 
TMDLs-amounts. 
 
What’s Ahead on the Course to 
Clean Water 
 Setting TMDL-amounts and plans for 
hundreds of Virginia waters will be a long, 
complicated process, requiring scientific 
research, public-policy development, and 
multi-party collaboration.  Here’s some of 
what lies ahead. 
 The Virginia DCR’s Mr. Bennett said his 
agency is working to hire a few more people 
to help with the increased workload.  Work 
has begun on TMDL-amounts for about four 
more water segments.  “The challenges really 
have to do with data—collecting enough to 
run the [computer-based] models.” he said. 

 The EPA’s proposed changes to TMDL 
regulatory responsibilities have yet to be 
approved.  The 60-day public comment 
period—only the first step—ends October 
22nd.  EPA will consider the public comments, 
use them to fine tune the proposal, and 
repeat the process once more. 
 At the Virginia DEQ, the next impaired-
waters will be issued by April, 2000.  DEQ 
expects the list this time to contain some 700 
waters, at least initially. 
 One of the most decisive but least 
predictable factors is what citizens will do.  
Observers of the Muddy Creek TMDL-
amount process agreed that, no matter what 
waters are designated impaired, successful 
TMDL implementation will require 
significant local involvement.  These 
observers note that it will be up to citizens to 
incorporate the suggested tools of TMDL-
plans, such as best management practices for 
agriculture and other land uses.  To reach un-
impaired waters, therefore, the ship of state 
will need a lot of help from local deck hands. 
 
For More Information on TMDLs 
 To see an Internet-based copy of 
Virginia’s current (1998) TMDL report, go to 
the U. S. EPA Web site at this address: 
www.epa.gov/owow/tmdl/states/va.html. 
 EPA has for loan an up-to-date, 22-
minute video on TMDLs.  “TMDLs and Water 
Quality Standards” (EPA-823-V-99-001) may 
be requested from EPA Water Res. Ctr. 
(RC4100), 410 M Street, SW, Washington, DC 
20460; (202) 260-7786; e-mail:  center.water-
resource@epa.gov. 
 The Texas National Resource 
Conservation Commission has published a 
guide for developing TMDLs.  Developing 
TMDL Projects in Texas—A Guide for Lead 
Organizations (122 pp.) is Texas-focused, but 
it does have information applicable outside of 
the Lone Star State.  A printed copy can be 
ordered by contacting Adrienne Boer at (512) 
239-0846 or aboer@tnrcc.state.tx.us.  An 
electronic version is available at 
www.tnrcc.state.tx.us/water/quality/tmdl. 
 

—By Lisa Garcia. 
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TMDL Litigation by State 
States in which EPA is under court order to 
establish TMDLS if states do not    
Alabama (1998) 
Alaska (1992, court order) 
Arizona (1997) 
California (three locations; 1997, 1999) 
Delaware (1997) 
Florida (1999) 
Georgia (1997) 
Kansas (1998) 
Mississippi (1998) 
New Mexico (1997) 
Pennsylvania (1997) 
Oregon (1986) 
Virginia (1999)  
Washington (1998) 
West Virginia (1997) 
 
States in which notices of intent to sue EPA 
(to establish TMDLs) have been filed   
California (San Francisco Bay) 
California (Statewide)  
Idaho (Coeur d'Alene) 
Ohio 
Tennessee 

States with respect to which plaintiffs have 
filed suit seeking to compel EPA to 
establish TMDLS 
Arkansas 
District of Columbia 
Iowa 
Missouri 
Louisiana 
Maryland 
Montana 
New Jersey 
New York 
Oklahoma 
Oregon 
Wyoming 
 
 
 
Cases dismissed without orders that EPA 
establish TMDLs (some cases were resolved 
with settlement agreements)     
Colorado (1999)  
Idaho (1997) 
Lake Michigan (Wisc., Ill., Ind., Mich.) (1991)  
Minnesota (1993) 
North Carolina (1998)  
South Dakota (1999)

 
Source:  U. S. EPA Web site: www.epa.gov/owow/tmdl/lawsuit1.html  (as of 9/9/99; list last 
updated 9/1/99). 

 
 

Who’s Talking about Impaired Waters and TMDLs? 

The Virginia Lakes and Watersheds Association, March, 1999.  Two sessions of its annual 
conference included titles such “A National Perspective on TMDLs”; “Virginia’s TMDL Program:  An 
Overview”; and “Muddy Creek Fecal Coliform TMDL:  Development of Virginia’s First Nonpoint Source 
TMDL.” 
 
Associated Press, August 10, 1999:  “Bay Cleanup Likely to be Costly—Wastewater Association Gears 
Up for Litigation over Sewage Treatment.”  After the U. S. EPA said that Virginia’s 1998 impaired 
waters list should have included the Chesapeake Bay—for which a TMDL would then be required—the 
Va. Association of Municipal Wastewater Agencies was considering a lawsuit against EPA. 
 
Washington Post, August 15, 1999:  “EPA Plan Attacks Dirty Waterways:  Phase 2 of Act Compels 
States to Clean Up.”  “Dirty waters” are those on impaired waters lists. 
 
Baltimore Sun, August 20, 1999:  “Agency’s ‘Fish-Eye’ View—TMDLs:  The EPA Proposes to Create 
Enforceable Overall Limits on Water Pollutants, Giving Regulatory Teeth to Cleanup Efforts.”  
“President Clinton[‘s weekly radio address Saturday was] probably the first time a chief executive 
had mouthed the phrase ‘total maximum daily loads.’” 
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Glossary of Terms Relevant to This Issue’s Feature and Science Articles 
 

 Biochemical—This terms refers both to the substances (chemicals) that make up living 
things and to the thousands of chemical reactions among these substances that allow living things 
to carry out vital biological processes. 
 

 Coliform bacteria—Bacteria whose primary natural habitat is the large intestine (colon) of 
humans and other warm-blooded animals (mammals and birds).  Total coliform count is a 
laboratory test used to indicate possible contamination of water by human or animal waste.  A 
slightly different test is used to identify fecal coliforms, a subset of total coliforms whose 
presence in water is considered more conclusive evidence of fecal contamination. 
 

 DNA (deoxyribonucleic acid)—The molecule that carries the information that controls all 
the biological activities occurring in living things. 
 

 Gene—A portion of a DNA strand that determines a certain hereditary trait. 
 

 Impaired waters—Any state waters (surface water or groundwater) that do not support, or 
only partially support, one or more of the five uses of waters designated by the U. S. EPA:  aquatic-
life habitat, drinking-water supply, fish consumption, swimming, and shellfishing.  “Support” of 
the designated uses is based on compliance with state water-quality standards.  A more technical, 
regulatory term is water-quality-limited waters. 
 

 Impairment cause—The reason that a water body is listed as impaired, given the designated 
uses and standards for a state’s waters.  The causes of impairment observed in different Virginia 
waters, according to the most recent impaired-waters list, are these:  presence of fecal coliform 
bacteria; too few, or too many, of certain bottom-dwelling, or benthic, organisms that indicate, 
respectively, good or bad water-quality conditions; fish-consumption restrictions (imposed by the 
Virginia Department of Health); inadequate dissolved oxygen; the presence of toxic substances; 
improper pH (acidity) levels; or a combination of these.  In Virginia’s 1998 TMDL report, the 
causes of impairment are also referred to as the affected parameters.  Although people sometimes 
use “cause” interchangeably with “source” (which is defined below), the two words are not the same 
in the language of impaired waters. 
 

 Impairment source—The land or water use that leads to a water body being impaired for 
one or more different causes (as listed above).  For example, if a sewage-treatment plant fails, it 
will be a source of contaminated water that reaches a water body; the contamination could lead to 
various causes of impairment (low dissolved oxygen, presence of fecal coliform bacteria, presence of 
toxic substances, or others).  If a source is readily identifiable (such as in the example given), it is a 
point source; if, instead, there are many widely dispersed sources for a given water-quality 
problem, this is a case of nonpoint source (NPS) pollution (also referred to as diffuse pollution).  
The sources of impairment identified in Virginia’s 1998 TMDL report are these:  NPS agriculture; 
NPS urban runoff; NPS mineral extraction; NPS combined sewer overflow; point sources; other 
NPS; and unknown. 
 

 Molecule—A basic unit of matter, consisting of two or more atoms bound together by 
electrical forces.  Water consists of molecules made up of two atoms of hydrogen (symbol H) and 
one of oxygen (symbol O), hence the formula H2O.  Biological molecules—such as DNA—are much 
more complex. 
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SCIENCESCIENCE    BEHINDBEHIND    THETHE    NEWSNEWS  
 

Tracking the Wild—and 
Domestic—Bacteria 

 Editor’s note:  In the August, 1998 Water 
Central, Science Behind the News visited the vast 
microscopic world of bacteria, and we mentioned 
briefly the use of DNA technologies to identify 
bacteria in water.  In this issue, a Virginia leader in 
the development and use of these new technologies 
tells how the techniques are allowing scientists to 
“track” the source of bacterial contamination in water.  
Finding the source of bacterial contamination is a key 
part of Virginia’s efforts to restore impaired waters 
(please see the preceding Feature Article on impaired 
waters and TMDLs). 
 The glossary on page 7 defines possibly 
unfamiliar terms; terms found in the glossary are 
printed in bold when first used in the text. 
 

d 
 
 “State Using DNA to Pinpoint Water 
Pollution Sources.”  Hampton Roads Daily 
Press/Associated Press, June 11, 1999 
 
 Of the stream segments in Virginia that 
have been evaluated to date, 240 segments 
(1165 stream miles) are classified as 
impaired waters due to violations of fecal 
bacterial water-quality standards.  The 
Virginia Department of Environmental 
Quality’s (DEQ) most recent water-quality 
report (1998) states the following about 
bacterial contamination in Virginia:  "Fecal 
coliform bacteria are the most widespread 
problem in rivers and streams.  Agriculture 
and pasture land contribute much of the fecal 
coliform bacteria in Virginia’s waters." 
 Similar levels of violations exist in many 
other states as well, amounting nationwide to 
thousands of stream segments and tens of 
thousands of stream miles that are in 
violation of fecal-bacterial standards.  The 
presence in water supplies of fecal bacteria 
indicates the water has been contaminated by 
the waste of humans, another mammal, or a 
bird.  Such contamination can cause health 
risks to people exposed to the water, hamper 

 
recreation, threaten drinking-water quality, 
and lead to closure of shellfishing areas.9 
 In the past, sources of fecal pollution in 
water could not be reliably or accurately 
determined.  As the headline above notes, 
however, Virginia is now looking to gene-
based technology to identify water-pollution 
sources, and bacterial contamination is the 
pollution upon which the efforts are focused.   
 
Meet BST 
 Bacterial Source Tracking, or BST, is a 
new technology being developed to identify 
sources of fecal pollution in water.  When a 
sample indicates that a water body has 
bacterial contamination, the key to 
preventing further problems is finding the 
contamination source.  BST methods, also 
called “fecal sourcing” or “fecal typing,” are 
used to determine if bacteria in water 
samples came from humans, livestock, or 

                                                
9 According to the Va. Div. of Shellfish Sanitation, 
the number of acres condemned (temporarily closed 
until conditions improve) for shellfish harvest in 
Virginia increased from 62,272 acres in 1970 to 
96,826 acres in 1994.  In many cases, the 
contamination source was not readily identifiable. 
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wildlife.  Only in the past few years has BST 
become more widely known and begun to 
receive research funding; the recent 
implementation of the total maximum daily 
loading (TMDL) process is the driving force 
behind BST development.  With regional and 
even national interest in the TMDL process 
within the Chesapeake Bay watershed, BST 
has suddenly become very important in 
Virginia. 
 What part does BST play in water-
quality monitoring and restoration?  If water-
quality monitoring indicates that a stream 
segment exceeds fecal-coliform bacteria 
standards, the segment will be listed by the 
Va. DEQ as impaired.  A TMDL process for 
that segment would then commence.  The 
first task would be to determine a maximum 
daily amount of fecal coliform material that 
the stream can receive and still meet 
standards. The next step would be to design 
an implementation plan to reduce the amount 
of fecal bacteria reaching the impaired 
segment.  BST is a critical component at this 
point in the TMDL process.  Reliable 
identification of fecal-contamination sources 
will help direct efforts and expenditures to 
the correct source(s) of the impairment. 
 
Types of BST Methods 
 BST methods under development fall into 
two categories:  molecular and 
biochemical.  Molecular methods (all are 
referred to as "DNA finger-printing") are 
based on the unique genetic makeup of 
different strains, or subspecies, of fecal-
coliform bacteria.  In molecular BST, the 
pattern of the genes is what’s actually 
measured.  Biochemical methods, on the 
other hand, are based an effect of an 
organism’s genes—those particular genes 
that are "turned on" and actively producing a 
biochemical substance.  In biochemical BST, 
the type and quantity of substance produced  
is what’s actually measured. 
 To date there are 10 or more potentially 
effective BST methods that have been 
described in published scientific studies; the 
table to the right lists the seven most widely 
used.  Each BST method has advantages and 

disadvantages, but BST is so new that 
research identifying their relative strengths 
and weaknesses has only recently been 
started.  As such research is completed over 
the next few years, it seems likely that some 
combination of BST methods will be needed 
to provide the most accurate and reliable 
source identification, rather than any single 
method being best for all situations. 
 Molecular methods identify the bacterial 
source precisely, but they are expensive and 
time-consuming, and they are not yet suitable 
for doing a large number of samples in a 
reasonable amount of time.  Biochemical 
methods are less precise, but they are quicker 
and cheaper, and they do allow a large 
 

Continued next page 

 
 

Seven widely used methods of  
Bacterial Source Tracking (BST) 

 

Molecular methods (all are referred to as 
"fingerprinting") 
Restriction analysis—Based on digesting a 
cell’s DNA with specialized enzymes, called 
restriction enzymes, to produce a unique pattern. 
 

Ribotyping—Based on finding that portion of a 
cell’s DNA that is highly protected from 
mutations; the portion is then isolated and 
analyzed. 
 

PCR methods—Based on amplifying small 
fragments of DNA many times by Polymerase 
Chain Reaction (PCR); these fragments are then 
compared to find unique segments. 
 

Biochemical methods 
Antibiotic resistance analysis—Based on 
differences in resistance to antibiotics shown by 
different strains of fecal bacteria. 
 

Fatty acid analysis—Based on the types and 
quantities of fatty acids in the cell walls of 
bacteria. 
 

Nutritional patterns—Based on differences 
among bacteria in their use of a wide range of 
carbon and nitrogen sources for growth. 
 

Fecal-bacteria ratios—Based on the ratios 
(presence and numbers) of many different types of 
stomach and intestinal bacteria, not just fecal 
coliform bacteria. 
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number of samples to be run in a relatively 
short time.  The best approach, perhaps, will 
be to run a large number of samples using a 
biochemical method, then confirm the results 
by using a molecular procedure on some of 
the samples. 
 
How Well Does BST Work? 
 The resident fecal bacteria in any two 
animals (humans included) are very much 
genetically the same.  There are unique 
differences, but the differences are in only a 
small percentage of an organism’s total DNA.  
The key to BST is finding these differences 
amongst a large amount of similarity! 
 At present, BST can very reliably 
determine if fecal bacteria are from human or 
animal sources.  BST can also distinguish 
livestock bacteria from wildlife bacteria.  The 
distinctions among bacteria from different 
animals occur because of the different 
environments found in the animals’ 
intestines.  The strongest determinant is 
probably a given animal’s food:  different 
diets lead to differences in the characteristics 
of the intestinal bacteria that animals harbor. 
 It is unknown yet whether BST can 
eventually achieve distinctions among 
different types of livestock (for example, 
cattle vs. horse) or among wildlife (for 
example, goose vs. raccoon).  But many 
molecular biologists believe methods to make 
such fine differentiations are possible. 
 

 

Two Examples of 
Bacterial Source Trackers at Work 

 

•Simmons et al. (1997) used DNA “fingerprinting” 
to demonstrate that fecal pollution in tidal inlets 
on Virginia's eastern shore was due to wildlife 
(raccoon, deer, beaver, muskrat) and not human 
contamination (from septic systems). 
 
•Hagedorn (1998) used antibiotic resistance 
profiles to demonstrate that fecal bacteria in 
stream samples were largely from cattle (80 
percent) with smaller proportions from deer (11 
percent) and geese (9 percent). 
 
 Full citations for these studies are given in the 
References section of this article. 
 

A Detection Tool Holmes Never Had 

   Bacterial Source Tracking is new, novel, 
and—for now—experimental.  But it is here, 
it does work, and it is an increasingly 
important tool.  For example, developing and 
implementing realistic TMDL plans for fecal 
bacteria will largely depend on the BST to 
identify accurately the sources of fecal 
pollution in water.  So look for BST to be 
applied widely by regulatory agencies to 
investigate violations of fecal bacteria 
standards in the nation's waters; look, also, 
for BST methods to develop rapidly. 
 Perhaps, one day, a namesake of a 
famous detective-novel doctor will ask, “I say, 
how did you deduce the source of that 
bacteria?”; and the answer will be, 
“Elementary BST, my dear Watson.” 
 
References and Further Reading 
 Hagedorn, C.  1998.  “A Method to Determine 
Sources of Fecal Pollution in Water.”  Pages 112—
118 in the proceedings of the annual meeting of 
the National On-site Wastewater Recycling 
Association, Ft. Mitchell, Ky. 
 Hagedorn, C., et al.  1999.   “Identifying 
Sources of Fecal Pollution in a Rural Watershed.”  
Pages 76—78 in the proceedings of the annual 
meeting of the Virginia Lakes and Watersheds 
Association, Fredericksburg. 
 Simmons, G. M., Jr., et al.  1997.  “Solving 
Nonpoint Introductions of Fecal Coliforms….”  
Pages 110-114 in Flint, R.W. (ed), Natural 
Resource Values and Vulnerabilities: The Second 
Virginia Eastern Shore Natural Resources 
Symposium.  The Eastern Shore Institute, 
Exmore, Va.  TESI Publication #4.  156 pp. 
 Wiggins, B. A., et al.  1999.  “Use of Antibiotic 
Resistance Analysis to Identify Nonpoint Sources 
of Fecal Pollution.”  Applied Environ. Microbiology 
65: 3483-3486. 
 
Further Reading on the World Wide Web 
 The digital learning center for Microbial 
Ecology at Michigan State University has good 
photographs and information on different 
bacteria: 
"à commtechlab.msu.edu/sites/dlc-me/,  
 

 –By Charles Hagedorn. 

 Dr. Hagedorn is a soil microbiologist and 
professor in the Virginia Tech Department of 
Crop & Soil Environmental Science. 
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IN IN     AND AND   OUT OUT   OFOF    THE THE   NEWSNEWS  
Newsworthy Items You May Have Missed 

 
 The following summaries are based on information in the source or sources indicated at the end 
of each item.  Selection of this issue's drought- and hurricane-related items concluded September 
28, 1999; selection of non-drought items concluded September 17. 
 If you have access to the Internet, you can follow water-related news with the “Daily News 
Update” at the Water Center’s Web site (www.vwrrc.vt.edu). 
 
Drought and Deluge 
 Before Hurricane Floyd blasted the East 
Coast on September 15—18, Virginia’s 
central and Piedmont counties showed 
rainfall deficits of 10 to 38 percent below the 
average for the preceding 12-month period.  
Connecticut, Delaware, Maryland, North 
Carolina, and parts of Virginia and West 
Virginia were declared agricultural disaster 
areas in August.  Some degree of drought 
persisted in much of the eastern and 
southern United States even after generous 
rain from the remnants of Hurricane Dennis 
in the first week of September.  (Washington 
Post, 8/12/99; Raleigh News & Observer, 
8/17/99 and 8/27/99; National Weather Service 
[Wakefield, Va., office], 9/1/99; AP, 9/9/99) 
 Hurricane Floyd brought much needed 
rain, but in many places the delivery was too 
heavy and too violent.  Here are some of 
Floyd’s impacts: 
XRainfall amounts (unofficially) were from 
5—17 inches in eastern Virginia, with the 
highest amount reported from Newport 
News.  Other states had the following 
maximums (all in inches):  19, Wilmington, 
N.C.; 16, Myrtle Beach, S.C.; 12, North 
Plainfield, N.J.; 11, Stromville, N.Y.;  10+, 
Greenwood, Del.; 10+, Fairfield, Conn.; 10, 
Doylestown, Penn.; and 8+, Wells River, Vt.  
(Va. State Climatologist’s Office, 9/24/99) 
 

XAbout 70 deaths occurred, with over 40 in 
North Carolina.  (AP, 9/24/99) 
 

XThousands of Virginia and North Carolina 
residents were displaced from their homes, 
with many still in shelters a week or more 
after the storm.  (AP, 9/24/99) 
 

XOver 100,000 people in Portsmouth and 
Suffolk, and over 40,000 in North Carolina, 
lost water for at least several days.  (Norfolk 

Virginian-Pilot, 9/17/99; Christian Science 
Monitor, 9/27/99) 
 

XHundreds of roads and highways were 
closed, including all major and secondary 
roads in some eastern North Carolina 
counties  (National Weather Service 
[Wakefield, Va., and several coastal North 
Carolina offices], 9/16/99; 
 

XThere was at least $150 million of damage 
to public and private property and to roads in 
Virginia; the North Carolina damage 
estimate is approximately $6 billion.  (AP, 
9/24/99; Christian Science Monitor, 9/27/99) 
 

XThe widespread flooding in North Carolina 
threatened public health and the 
environment by damaging sewage-treatment 
plants, causing animal-waste lagoons to 
overflow, washing drowned livestock into 
waterways, and submerging many other 
sources of contamination.  The degree and 
duration of impacts on rivers, groundwater, 
and the ocean remain to be seen.  (Raleigh 
News & Observer, 9/17/99; Christian Science 
Monitor, 9/28/99) 
 Despite the flooding, Hurricane Floyd did 
not completely break the 1998-99 drought in 
Virginia or neighboring states.  As of Sept. 
21—22, mild drought continued in northern 
Virginia; moderate drought in parts of the 
Shenandoah Valley; and moderate-to-severe 
drought across western parts of Virginia, 
northwestern North Carolina, and 
southeastern West Virginia.  (National 
Weather Service [Blacksburg and 
Baltimore/Washington offices], 9/21 and 
9/22/99) 
 This widespread drought has had 
businesses, industries, governments, and 
individuals scrambling to respond.  Besides 
the well-publicized water-conservation 
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measures requested or required in many 
jurisdictions, here are some other interesting 
responses: 
GIn fast-growing Loudoun County, the board 
of supervisors is considering funding a 
network of wells to monitor water quality and 
quantity.  The number of active wells has 
increased about 15 percent since 1996.  
(Loudoun Times-Mirror, 8/4/99) 
 

GThe maintenance supervisor at Roanoke’s 
Poff Federal Building devised a way to 
recycle condensation water back into the 
building’s air-conditioning system, saving up 
to 400,000 gallons of water per year.  
(Roanoke Times, 8/18/99) 
 

G The Riverton Corporation offered 30 
truckloads of water a day from its quarry 
near Front Royal for agricultural uses.  
(Northern Virginia Daily, 8/25/99) 
 

G In Arlington, treated wastewater is being 
used for watering public plantings and street 
cleaning.  In Cary, N.C., treated wastewater 
is offered to businesses that show up with 
their own trucks and attend an informational 
session on using such water.  (Arlington 
Journal, 8/25/99; Raleigh News & Observer, 
8/25/99) 
 

GIn Manassas, an inflatable, rubber bladder 
was used to increase the useable capacity of 
the city’s reservoir by one billion gallons.  
(Washington Post, 8/28/99) 
 

GWest Va. Agriculture Commissioner Gus 
Douglass was exploring a form of 
unemployment compensation for drought-
beleaguered farmers whose crops fail. 
Current and state aid provide only temporary 
relief and low-interest loans.  (Charleston 
Daily Mail, 9/2/99) 
 

GAmid concerns about different ways of 
responding to the drought, Washington 
metropolitan-area government officials met 
Sept. 2 to review regional agreements for 
dealing with water-supply needs. 
(Washington Post, 9/3/99) 
 

GFinally, Orange County, Va., provides a 
case study of the choices localities face in 
trying to ensure adequate future water 
supplies.  With the county’s population 
increasing ahead of projections, officials are 

looking at several ways of meeting future 
demand:  the town of Orange’s reservoir on 
the Rapidan River could be augmented by 
auxiliary dams; a reservoir could be formed 
by damming two smaller streams midway 
between the towns of Orange and 
Gordonsville; a less-expensive alternative 
would be to drill municipal wells near 
existing water-treatment plants; and yet 
another approach being considered is to join 
other localities in a regional water system.  
(Orange Review, 9/1/99) 
 
Other News 
•The nonprofit Conservation Fund has 
acquired for preservation more than 76,000 
acres of forests and wetlands on the 
Delmarva Peninsula.  The land was 
purchased from Chesapeake Forest Products, 
a division of Chesapeake Corporation of 
Richmond.  The purchase includes about 
8,800 acres in Virginia.  (AP, 8/4/99) 
 
•A recent report by a United Nations-
affiliated water commission estimates that 
1.2 billion people in the world have no access 
to clean water.  In the industrialized world, 
consumer prices for water range from 
Canada’s average 31 cents per cubic meter 
(one cubic meter equals about 264 gallons) to 
an average of $2.61/cubic meter in Germany.  
In developing countries, prices range from a 
few cents to about $1 per cubic meter, but in 
such countries, despite lower prices, water 
generally costs a much higher percentage of 
people’s income.  (Baltimore Sun, 8/8/99) 
 
•Effective Oct. 1, 1999, Virginia has new 
regulations on septic systems, increasing to 
at least 18 inches the required separation 
distance from drainfield trenches to the water 
table.  The distance was as little as two 
inches under the previous standard.  Sites 
not able to meet the new requirement will 
need pre-treatment systems for household 
wastes.  (AP, 8/18/99) 
 
•Pressure is increasing on Virginia Gov. Jim 
Gilmore to prevent the so-called Tulloch Rule 
draining of thousands of acres of wetlands.  A 
federal court ruled last year that Army Corps 
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of Engineers’ permits are no longer required 
for draining non-tidal wetlands.  Since that 
decision, about 8,000 acres in Virginia have 
been drained.  The advisory committee 
appointed by the governor to study the 
problem was expected to make a formal 
proposal by the end of September.  
(Richmond Times-Dispatch, 8/18/99) 
 
•At Smith Mountain Lake this past summer, 
four college students worked to safeguard the 
lake’s water quality by pumping sewage out 
of boats and educating boaters about the 
dangers of dumping sewage into the lake.  
The effort is part of the Va. Dept. of Health’s 
two-year old Marina Education Program.  
(Roanoke Times, 8/23/99) 
 
•Lower water levels in three Great Lakes are 
making navigation more difficult, threatening 
water supplies, and creating other problems.  
Lakes Erie, Huron, and Michigan are down  

17 inches this year.  The lower levels have 
scientists debating possible natural water-
level cycles of 30 years, 150 years, or longer.  
(AP, 8/ 25/99) 
 
•University of Delaware scientists are feeding 
chickens a hybrid corn that, combined with 
an enzyme that helps the birds digest 
phosphorus more efficiently, reduces the 
amount of phosphorus in the birds’ waste.  
Phosphorus in manure from poultry and 
other livestock is an important water-quality 
issue in the Chesapeake Bay and nationwide.  
(Baltimore Sun, 9/12/99) 
 
•The Va. Dept. of Environmental Quality 
(DEQ) has created a new Office of Water 
Quality Programs to coordinate water-quality 
monitoring and assessment.  The new office 
will be within the DEQ’s Water Program 
Coordination division.  A director for the new 
office has not yet been hired.  (Roanoke 
Times, 9/14/99) 
 

–Compiled by Su Clauson-Wicker
 
 

TEACHINGTEACHING  WATERWATER    
For Virginia’s K-12 teachers 

 
This Issue and the Virginia Standards of Learning 

 In this section, Water Central suggests Virginia Standards of Learning  (SOLs) that the 
Feature, Science, and “In and Out of the News” parts of this issue may support.  We welcome 
readers’ comments on whether the articles do, in fact, help teachers with the standards listed or 
with ones not listed. 
 

Abbreviations:  BIO-biology,  ES-earth science, LS-life science; CH-chemistry. 
 

Feature Article—Impaired Waters Update 
Science SOLs:  6.11, LS.12, ES.9, BIO.9. 
Social Studies SOLs:  7.4, 10.15, 12.8, 12.10, 12.13, 12.16. 
 

Science Behind the News—Bacterial Source Tracking 
Science SOLs:  LS.12, LS.13, ES.9, BIO.6, BIO.7, BIO.9, CH.6. 
Social Studies SOL:  10.15. 
 

In and Out of the News—“Drought and Deluge” section 
Science SOLs:  2.6, 3.9, 3.10, 4.6, 4.8, 6.9, ES.13, BIO.9. 
Social Studies SOLs:  1.7, 7.2, 12.9, 10.2, 10.8. 
 

In and Out of the News—“Other News” section 
Science SOLs:  1.8, 3.9, 3.10, 4.8, 6.11, LS.12, ES.7, ES.9, BIO.9. 
Social Studies SOLs:  7.2, 7.4, 10.2, 10.13, 12.8, 12.13. 
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NN  OO  TT  II  CC  EE  SS  
 
On the Public Calendar 
 Oct. 28—Poultry Advisory Group. 10 
a.m., DEQ Tidewater Regional Office, 
Virginia Beach. 
 Nov. 15—Public meeting on the Virginia 
Coastal Resources Management Program.  7 
p.m., General Assembly Building, Richmond. 
 Dec. 7—State Water Control Board 
meeting.  9:30 a.m., General Assembly 
Building, Richmond. 
 For more information:  Va. Department 
of Environmental Quality Central Office, 
(800) 592-5482. 
 

The 2nd Wetlands Regulatory Workshop 
 November 2—5, 1999, in Atlantic City, 
N.J.  This workshop is intended to increase 
dialogue and foster relationships between 
wetland-regulatory agencies (state, federal, 
and local) and the people whose activities are 
regulated.  Pre-registration by October 29;  
on-site registration available.  For more 
information:  Ralph Spagnolo, (215) 814-2718; 
or Frank Reilly, (540) 286-0072, e-mail: 
reillygroup@msn.com. 
 

Interested in the Great Lakes? 
 The State of Lake Michigan, 1999, 
November 8—9, in Muskegon, Mich.  This 
conference seeks to bring together 
researchers, regulators, policy-makers, and 
others who use or are interested in this 
remarkable natural and national resource.  
Registration deadline October 29.  For more 
information:  Grand Valley State Univ./WRI, 
(616) 895-3749; e-mail: vailj@gvsu.edu. 
 

Animal Residuals Management Meeting  
 November 14—16, 1999, in Crystal City, 
Va.  The conference will focus on the transfer 
of animal-waste technology among municipal 
and agricultural interests.  Pre-registration 
deadline October 29; on-site registration 
available.  For more information:  Water 
Environment Federation, (703) 684-2452; toll-
free number for registration: (800) 666-0206. 
 

For Watershed Managers 
 International Symposium on 
Integrated Decision-making for 
Watershed Management, January 7—9, 
2001, in Chevy Chase, Md.  The symposium 
will showcase current watershed-related 
decision-making tools and identify needs for 
improvement.  The event is sponsored by 
Virginia Tech and several co-sponsors, 
including the Water Center.  Deadline for 
abstract submission is December 15, 1999.  
For more information: Dr. Darrell Bosch, 
(540) 231-5265,  e-mail: bosch@vt.edu. 
 

At the Water Center 
 Two new special reports on small water-
supply systems are now available: 
•Telemetry Options for Small Water Systems 
(23 pp.); and 
•Restructuring Strategies for Small Water 
Systems: Virginia Small Water Systems Co-
operative (30 pp.) 
 Single copies are free to Virginia residents 
while the supply lasts; there is a small charge 
for out-of state residents.  Contact the Water 
Center at  (540) 231-5624, or by e-mail to 
water@vt.edu.

 
 

 

The James River always runs to Richmond. 
 

This November 14—16 , so should you, 
for the 1999 Virginia Water Research Symposium! 

 

 It’s not too late to register!  The symposium will be held at the Holiday Inn South, Koger 
Center, in Richmond.  To register, please contact Judy Poff at (540) 231-8030; fax (540) 231-
6673; email: jupoff@vt.edu.  Or you can use the on-line registration form at the Center’s Web 
site, www.vwrrc.vt.edu. 
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FORFOR  THE THE   RECORDRECORD  
Sources for Selected Water Resources Topics 

 
Wetlands Information Sources 

 

Government Agencies 

•U. S. Fish and Wildlife Service National 
Wetland Inventory. 
 USFWS/Division of Ecological Services, 6669 
Short Lane, Gloucester, VA 23061; 
(804) 693-6694.  "àwww/nwi.fws.gov/. 
 

•U. S. Environmental Protection Agency 
Office of Wetlands, Oceans, and Watersheds. 
 For information and publications on 
wetlands, call the EPA’s “Wetlands Information 
Hotline” at (800) 832-7828. 
"àwww.epa.gov/OWOW/wetlands. 
 

•U. S. Army Corps of Engineers. 
 Permits for work in U. S. waters come from 
the Corps’ Regulatory Branch. 
 U. S. ACE/Norfolk District, 803 Front Street, 
Norfolk, VA 23510; (804) 441-7601. 
"àwww.nao.usace.army/mil. 
 

•Va. Department of Conservation and 
Recreation/Natural Heritage Division. 
 This agency maintains a statewide database 
for identifying Virginia’s rare, unique, or 
otherwise particularly significant species and 
natural sites, including qualifying wetlands. 
 Va. DCR/Natural Heritage Div., 217 
Governors Street, Richmond, VA 23219; (804) 786-
7951.  "àwww.state.va.us/~dcr/vaher.html. 
 

•Va. Department of Environmental Quality. 
 The DEQ’s Virginia Water Protection Permit 
office reviews projects that require a federal 
permit for discharging dredged material into 
wetlands or waterways. 
 Va. DEQ/Water Protection Permit Office, 
P. O. Box 10009, Richmond, VA 23240-0009; 
(804) 698-4000; "àwww.deq.state.va.us. 
 
•Va. Institute of Marine Science. 
 The VIMS Wetlands Program publishes 
Virginia Wetlands Report, a free, quarterly 
newsletter.  VIMS also has a Technical Report 
Series on wetland plants and issues. 
 Wetlands Program, VIMS, P. O. Box 1346, 
Gloucester Point, VA 23062;  
"à www.vims.edu (for VIMS overall). 
 

•Va. Marine Resources Commission. 
 VMRC is responsible for the state’s tidal 
bottomlands, wetlands, and dunes, including 
issuance of permits. 
 VMRC, Habitat Management Division, P. O. 
Box 756, Newport News, VA 23607-0756; (757) 
247-2200.  "àwww.state.va.us/mrc/. 
 

Non-governmental Groups 
•Va. Association of Wetlands Professionals. 
 Among other activities, this group publishes 
an “Update” periodically, free to members. 
 VAWP, P. O. Box 455, Gloucester Point, VA 
23062.  "àwww.vims.edu/map/vawp/Vawp.htr. 
 

•The Va. Native Plant Society is a useful source 
of information or assistance in identifying plants 
and plant communities, wetland preservation 
planning, and other activities.  The Society 
publishes a newsletter five times per year. 
 VNPS, P. O. Box 844, Annandale, VA 22003.  
"àwww.hort.vt.edu/VNPS/. 
 
Other Useful Publications 
•The National Wetlands Newsletter, published 
bimonthly by the Environmental Law Institute, 
covers current issues in the law, management, 
and science of wetlands and related habitats.  
Annual subscription price is $40.  An index to 
titles and authors for the past 20 years is 
available at ELI’s Web site. 
 ELI, 1616 P St., NW, Washington, DC 20036; 
(800) 433-5120. 
"àwww.eli.org/bookstore/nwnindex.htm. 
 
 Water Central thanks Kirk Havens, Va. 
Institute of Marine Science, for his assistance with 
this section. 

 
 

Upcoming “For the Record” Schedule 
 

1999 
December – Water Law Information Sources 
 

2000 
February – Following the Va. General Assembly 
April – Following State Water Regulations 
June – Following Federal Water Regulations 
August – Water Maps:  Types and Sources 
October – Drinking-water Information Sources 

 

Schedule subject to change 
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! Attention Web-crawlers! ! 
 Water Central is available on the Water 
Center’s Web site, www.vwrrc.vt.edu.  If you 
prefer to read the newsletter there, instead of 
receiving a paper copy, please send your e-mail 
address to water@vt.edu, and we will notify you 
when a new issue is posted. 

 

 

YOU GET THE LAST WORD 
 
 Please answer the following questions 
to let us know whether the newsletter is 
meeting your needs.  Please mail this 
page to the Water Center address listed 
in the box to the left, or e-mail your 
responses to water @vt.edu.  Thank you. 
 

1.  Would you rate the content of this issue as 
good, fair, or poor? 
 
 

2.  Would you rate the appearance as good, 
fair, or poor? 
 
 

3.  Would you rate the readability of the 
articles as good, fair, or poor? 
 
 

4.  Is the newsletter too long, too short, or 
about right? 
 
 

5.  Do the issues come too frequently, too 
seldom, or about right? 
 
 

6.  Please add any other comments you wish 
to make.

Virginia Water Resources Research Center 
10 Sandy Hall (0444) 
Blacksburg, VA  24061 
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