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FORBVORD

The Conference on Albenrarle Sound invited local leaders, government
of f ic ia ls and s cien tis ts to revi ew what i s currently known about the
sound and i ts tributaries and to consider management alternatives for dealing
with pollution of these waters.

The Albemarle region has experienced a 74 percent decline in commercial
fish catches over the past decade, and nrrisance algal blooms on the Chowan
River have l.owered property values, discouraged tourism and caused f ish kills.

Tn response to these problems, the North Carolina General Assembly appro-
priated frrnds for s tudy of the problems and needs of the Chowan River and
Albemarle Sound basins. The legislation, House gil 1 747, called for the crea-
tion of an eight-member c.ommission to conduc t the study and report findings to
the 1983 General Assembly. The North Carolina Department of Natural Resources
and Community Development, currently conducting res toration work in the Chowan
River, is expanding these efforts to irrclude Albemarle Sound. The Department
is to develop an action plan for t.he Albemarle by January 1983, outlining any
immediate actions necessary as well as what is needed in the way of long-term
studies or management plans.

This conference was intended to assist in these efforts by bringing into
sharper focus the i~formation available on the Albemarle system and providing
a forum for the parties involved to communicate and begin determining what
future restoration efforts are necessary

These proceedings contain the. i~dividual presentations and group discus-
sion f rom the conference,
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OPENING REMARKS

Rober t F. Helms
Director, Division of Environmental Management

De pa r t me n t of Na t r r ra 1 Res»» r c e s and C orrmrun i t y Development

I worrid 1 ike to welcome you all here this morning to a special Albemarle
Sound Conference. As leaders interested in the future oi the Albemarle region,
yorr are being asked to participate in this conference � and I
emphasize participation. We hope that t' he presentations and discussions today
will help us all obtain a better understanding of what is known about the sound
and begin determining f»ture restoration actions that may be needed to protect
and improve its produc tivi ty. Before I proc ed further, I would like to intro-
duce a r'ew of the key people making this event possible:

Dr. Parker Chesson � Host and Moderator
Dr. James Stewart. � Act.ing Director, UHC Water Resources

Research Ins titute, Co-sponsor
Dr. B..i. Copeland � Director, UNC Sea Gran r. Program,

Co-sponsor

i would also like to introduce a distinguished group of gentlemen who make
up what is te rmed the Chowan-Albemarle Legis la ti v e St rrdy Commission. This
Commission was established during the 1981 General Assembly with the passage
of House Bill 747. They are specif ically charged with studying the water pol-
lution problems and water resorrrce needs of t'tre Albemarle Easin, with special
emphasis on an evaluation of the on-going Chowan River restoration ef fot ts.
I will speak a little more on this during t.he afternoon session. The members
of thi s Commission are:

Senate

S ena to r Me 1 v in R. Danie 1 s � E 1 izabe t h C it y
Sena tor J. J.  Monk! Ha rr ing ton � Lewis ton

Local Residents

Mr. Stanley Watson Hege  Stanley! � Edenton
Mr. H. W.  Pete! Whit ley � Murf rees boro

Re resentatives

Representative John Gillam, I'iI � Windsor
Representative Vernon G. James � Elizabeth City

Local Res iden ts

Lennie Perry, III � Colerai n
David P. Bateman � Tyner

The Division of Environmental Management is furnishing staff support for
this Legislative Commission.



The purpose of this conference is to emphasize the importance of Albe-
marle Sound to the growth and development of the region; to highlight trends

fishery resources, water quality and salinity, and to begin identifying any
needed restoration actions. Specifically, the conference is designed to
describe:

l. What has occurred in the system

2. What is known about i t today

3. What coul d be done to improve the sys tern

A healthy coastal sound and es tuar ine sys tern is essenti al to continued
growth of the indus trial, fishing, shipping and tourist interests in the
northeastern portion of North Carolina, Albemarle Sound is an important part
of the large and extensive coastal water system, but developments and changes
in the area have put pressures on this resource. There has been a 7~i percent
decline in commercial fish catches in the Albemarle region over the past. ten
years. Currently, production in Albemarle Sound is only about one-r.errth that
of the Pamlico. Areas that supported oysters, clams and crabs can no longer
do so. As much as 50 percent of commercial fish catches are affected by red-
sore disease . Nuisance blooms of algae plague the Chowan River and Albemarle
Sound, lowering property values, discouraging tourism an.d causing fish kills.

Information and recommendati.ons from this conference wi1 1 suggest impor-
tant water management alternatives. Some of these alternatives could, if pur-
sued by state and local governments, natural resource leaders and others,
bring about public policy changes needed to improve the productivity of Albe-
marle Sound.

We are confident that we can turn these signs of deteriorating water
quality around, but to do so we must all. work together All facets of state
and local government, as veil as the residents of this basin, are. needed in
this effort to ensure the protection and enhancement of the area's valuable
water resources. I feel this conference vill be an outstanding success if we
all begin to understand that the emerging water quality problems of this area
are real, but not insurmountable, that decisions need to be rrrade today to
affect the type of environment that vill exist tomorrow and, perhaps most
importantly, that we must establish clear and open lines of communication
among all of us participating here today. I hope you enjoy the activities
planned for today and that ve all leave with a better understanding of the
current trends and future potentials for this region.



BISTORICAL PERSPECTIVE OF ALBE;fARLE SOUND

David Stick
H is tori an

Any discussion of Albemarle Bound history shool.d begin with mention of
the following: Weapemeoc, the Sea of Rawnocke, garo l ina River, the Bay of
Albemarle and Albemar le River, For these, in aequi nce, are the names by
which the present-day Albemarle Sound was known to the early explorers, set-
tlers and map-make.z s.

Weapemeoc was the name appl.ied by native Indians tn the area above the
sound comprising the present counties of Currit»ck, Oarnden, Pasquotank, Per-
quirrrans and Chowan when Biz Wal tez Raleigh s colonists rlrldet Ra lph I ane,
first explored the sound and its tributaries jn tin spring of I'~86- I. ure was
the one who referred to the sound itself as "the broad sound .of Weoporniok,"
and on a sketch map there i s a notation in longhand that this sound of
"Weopomiok" con tained "freshe water witt> great store o f f ishe."

An Earl Ex edition

There is irony in the fact that Lane and his fellow explorers almost
starved as they rode out a vi.olent storm in their open boats at t.he head of
the sound with this "great store. of fishe" swimming about. beneath t.hem. It.
happened this way.

The colonists set out from their Roanoke Island base in three small boats
to explore the sound and its tributaries, visiting Indian villages along the
rivers feeding into the sound from the north and then moving on up the Chowan.
There on the west bank they came to the Indian town of Ohawanuac, city � sized
when compared with others they had visited, for according to Lane i t was "able
to put 700 fighting men into the fields." Lane took captive the Chawanoac
chief.tan, a man he described as "impotent in his lims ... but otherwise, for a
savage, a very grave and wise man." F' or two days Lane ques tioned this wise
old Indian about the surrounding territories, and what he learned was enough
to set him off immediately in the direction of a fabled land of mountains and
gold said to be far up the River Morotico, today's Roanoke River.

It was an ill-fated expedition from start to finish. The spring thaw had
begun, and the task of propelling the boats by paddle and oar was labor ious
and time � consuming. Worse still., the Indians residing along the river, obvi-
ously warned of the approach of these foreign invaders, had abandoned their
villages nnd stripped them clean of all edible commodities. But even when
Lane's supplies were exhausted, he and his men pressed on yet another day,
having resolved that if necessary they could kill two large bul] mastiffs,
which were used as watch dogs, and prepare a "pottage" of sassafras leaves and
fresh dog meat They reasoned that this would give them sustenance for two
additionaj. days, which Lane figured "would bring them downe the current to the
mouth of the river, and to the entrie of the sound," where he hoped to be able
to take f ish from the weire of the indians of Weapemeoc.

So the indomitable Elizabethans pressed on against the onrushing current
of the flooded Roanoke River until, when their final raeager reserve of corn
had been eaten, emaciated and weakened in both body and resolve, they were aud~
denly attacked by Indians. After e bt'ief encounter, tbe explorers escaped
without any serious injuries ~ It was almost dark by then so they establisbe



a sheltered and prot~~ted campsite on shore in preparation for a rapid descent
of the river at first Iight the following day, The dogs, companions and
guardians, were called on for doubl.e service there on the river bank f ar up
the Roanoke: grrard duty that night and breakfast the fol1owing morning.

The Eng3.ish explorers reached the sound two days later, the stew of dog
meat and sassafras long since consumed. By then, however, "the winds blew so
strongly, and the bil1ow so great,' that, Lane. said, "there was no possibil i tie
of passage wi.thout sinking our boats." It was Easter Eve, and Lane, suddenlv
turned humorist, noted that his men "fasted very trulie." The next morn ing the
wind died down and they entered the broad sound, reaching the Indian village of
Chipanum near Litt]e River that afternoon where, as hoped for, they were able
to catch some fish and stave off starvation.

If this accounr o f Lane's Albemarle Sound expedition seems more detail ed
than necessary, you should understand that it has been done deliberately. For
in order to put the history of the sound in proper perspective, it is essential
to understand that for nearly four centuries since then, year af ter year, day
in and day out, innumerable men and women--black, white and Indian--have had
their own encounters with the. sound. And its history is nothing more than the
aggregate of all those personal experiences since the beginning of recorded
time .

General Historicwl Perspective

The Algonki.an Indians, the natives of what is now northeastern North Caro-
lina, lived both by and on the sound. and the rivers, creeks, runs and bays that
flow into it. Almost invariably their villages were close to the water, There
they could keep their canoes, hollowed out of giant trees, in the absence of
iron and tools, using fire as their chisel and sharp shells as their adzes.
Nearby, they could set their weirs or nets, for the most part co~sisting, of
labyrinths of poles and reeds, anchored to the sandy bo ttom and set out in
intricate patterns to entrap the fish as they migrated. These nets were the
forerunners of latter-day pound nets and set nets.

The sourrd was important in other ways. It was a political boundary,
separating the Roanoacs on the south from the Weapemeocs and Ghawanoacs on the
north. Even more important for the Indians was its use for transportation, for
the estuarine waters were their highways, and Albemarle Sound was Route A-l-A.

It was more than half a century after Sir Walter Raleigh's last Roanoke
Island colony was given up as lost that white settlers began moving south from
Virginia They buil t their homesteads near the sound, as the Indians had done.
And as they began to establish themselves, producing crops and products for
export they were able to sail their small ocean-going era f t from sound to sea
through two narrow inlet s, Curr i tuck and Roanoke Both were in constan t flux,
new shoals forming and old ones disappearing with every storm and every fi.ckle
change of tide or wind. It was a delicate business, navi gating those ever-
shifting inlet channels, and numerous vessels and cargoes were lost in the
attempt. Both Roanoke and Currituck Inlets have long since closed, but it is

cotnmentary orr he perenn al problem of f inding access f rom the sound to the
ocean that their successor, Oregon Inlet, is no more stable nov than they were
three hundred years ago-



Raleigh's colonists had taken possession of the area in Queen Elizabeth>8
name in the 1580s, naming it Virginia in honor of their virgin. monarch, but
it was not until 1663 that Englishmen formalized the takeover from the natfvs
Amer ican Indians. That was the year- in which eight influential associat«arrr]

g Charles lI were nard 'The l.ord l roprietor
and provided with a grant for all the ]ands between Virginia and Spanish
Florida, extending far westward to the South Seas, or Pacific Ocean. One of
the eight Proprietors was George lionck, the Duke of Albetnarle; and those of tra
who pay special at tention to words, reve].ling in tire sound of those that roll
off our tongues with a melodious rhythm, are thankful tirat in honoring the
Duke his fellow Lord Proprietors chose not to change the designation of the
Sea of Raw-nocke to Honck Sound, but named it Albemarle Sound in«ead ~

For a number of years after 1663 there were only two settlements of
irnpor tance in the Carol ina colony, one around Charleston and the other' here in
the vicinity of the Duke of Albemarle's sound. Ceorge Norrck, with this magnifi
cent body of water already named for him, was further honored when this area
was designated Albemarle County, with Indian names � Currituck, Pas«uotank,
Perquirnans and Chowan--for its four origina I proc inc ts . l.ster, as other
counties were added south of the sound, it became cormnon practice to refer' to
the Albemar]e region as "the Northern Part of Carolina," a term subsequently
shortened to "Northern Carolina " and finalf.y to "North Carolina."

Throughout the proprietary period and for decades thereafter, Albemarle
Sound was the hub and the heart of North Carolina. Tire great bulk of the
colony's population was around its perimeter. 'Ihe leaders of government lived
here, and the assembly met here. Eden ton, one of r.he r o ion ial. capital.s, was
the center of trade.

Coasters, small sailing vessels carrying cargo from the other colonies,
frequented the area, as did larger sailing craft from the West indies, many
of the latter from Barbados, which became a sort of trans-shipment point for
cargo from and to England. The main entrance from the Atlantic Ocean to the
sound was Roanoke Inlet, in the vicinity of Nags Head. Though it was referred
to as Port Roanoke, the collector for Port Roanoke had his office in Edenton,
for almost all of the commerce was bound to Albemarle Sound and much of it to

Edenton itself.

Early acts of the colonial assembly took cognizance of the shallow sound
and meandering channels running through it, and duties were imposed on vessels
and cargo to pay for maintaining beacons and stakes installed as channel
markers. In one instance the fee was $2 for each incoming vessel.

The early Albemarle residents relied on the sound not only fpz export
for transportation from place to place within the colony, for the overland
route from Virginia passed through and around a maze of swamps, including one
called the Great Dismal. ln time, however, trails were hacked through the
forests and swamps. In the low boggy areas trees were cut up into logs, whjc
were then laid and sometimes stacked to form the foundation for a roadway,
with smaller logs and sand filling the spaces in between, These were the so~
ca ried "corduroy" roads making it possible fc'r Peop]e and c'argo to be trans~
ported overland as we].1 as by boat. There remained, however, the prob].em of
how those trave].ling by wagon or carriage could get across the broad sound,



but the solution came when a man identified as "T. Bell" establ ished a to l 1

ferry across the western reaches of Albemarle Sound. Subsequently, in 1735,
Sell sold the operation to Colonel William Mackey, who operated the ferry for
years from Edenton to what is now the conrmunity of Mackey's in Washingr.on
County.

Virgin stands of timber covered the Albemarle Sound area--juniper, cypress,
oak and pine--all suited for ship and boat construction. The early residents
not only built their own small craft, but in time established shipyards in
which larger vessel s were constructed. ln addition, the native pine prodrrced
valuable naval stores  tar, pitch, turpentine and rosin!, which became a pri-
mary export product of North Carolina. More and more land around the sound
was cleared for agriculture, and plantations were established, some wit.h
buildings both elegant and palatial. Meanwhile, Albemarle Sound continued to
produce valuable harvests of fish, as it had for the Indians.

Thus, a pattern was established that persists today in the Albemarle Sound
region. Numerous communities and small towns, on and near the water; large
agricultural operations fanning out from the towns; timber, that largest of
renewable crops, providing raw material for local use and export as well, and
the sound waters giving up that most edible of harvested commodities, fish--
shad, rock, herring especially, in the heyday of the industry, herring. These
herring fisheries, dotting the sound shore, employed hundreds of men to set and
haul the nets, some of which were more than a mile long, and women as well as
men, mostly black, to clean and process the fish, salting them down for ship-
ment. For Albemarle Sound herring and herring roe had won widespread fame as
culinary delights.

lrlumerous tracts have been written on the spread of religion throughout
the Albemarle, beginning with the dominance of the Quakers, and on the employ-
ment and treatment of slaves on the plantations and their traumatic transition
from slaves to free men and women. Other aspects of the history have been
detailed as well, covering t' he gamut of subject matter from architecture, town
planning, navigational aids, agricultural advancements and transportation to
life on the farms and in the towns.

A Histor of Pe lexin Problems

Throughout its history, however, Albemarle Sound, for al.l of the advan-
tages and bounties it provided, has been the source of perplexing problems as
well, in almost every instance the result of a lack of planning or unwise treat-
ment of its resources by those who used it. An integral part of the transporta-
tion system when the nor'them part of Carolina was populated by Indians and the
early settlers, it has proved to be inadequate for use by larger modern vessels .
Despite innumerable attempts to provide a stable outlet through the Outer Banks
to the sea--beginning with the formation of "The Raleigh Canal Company" in 1787
for the express purpose of improving navigation of the sound and constructing
an inlet, to be known as "Raleigh Canal," through the banks at Nags Head, to
the current frustrating efforts to stabilize Oregon Inlet � the sound has lacked
a deep-water port.

Though the production and processing of soybeans in this country had its
beginning near the shore of the sound in Pasquotank, farmers still complain of
ever-increasing expenses, deflated real-dollar prices and inadequate access
to the markets. And commercial fishermen, at ease and at peace with the world
and themselves only when on the water, ar'e in ever-increasing numbers finding
it necessary to turn to other pursuits, on dry land.



The people of the Albemarle, traditional ly independent, have become adept-
at begging for government support, with the proviso, of course, that government
should send in the aid and then withdraw, leaving the rest to the property
owner and the private sec tor. But as the concentration of population has moved
west, first to the interior Coastal Plain and then to the Piedmont, the once-
compell ing polit ical influence of the Albemarle has diminished to the point
where even the loudest voices a f our politicians are seldom heard, and
less-frequently heeded, in Raleigh or in Washington.

In the process Albemar le Sound, throughout i ts approxima tely 50 miles of
length from Yit ty llawk and Point Harbor on the east to the bluf fs of Bertie on
the west, has been in a can tinuing state-. of dec line--its water flow af fee ted
by dams and withdrawal up the rivers, i rs water qua l i tv damaped by pollution
and unwise use, its fisheries in decline, its bridge s outmoded, its shore
eroding and i ts people in pave rty.

There have been innumerable meetings, seminars and conferences as well
as untold numbers of petitions, investigations and reports on what is wrong
with Albemarle Sound, all without meaningful results. Vill one more such
conference, even one focusing on trends and management needs, have any real
effect in reversing this decline? Probably not. For those in attendance at
such sessions, l istening to the evidence of the experts and their dire pre-
dictions, have a tendency to do what the Indians and the colonists did and
what residents of the Albemarle have continued to do throughout. the ensuing
centuries. They listen and get worried and ask questions and vow to do some-
thing � -and then forget about it. until some new crisis is cause for yet another
study or seminar or conference.





ECONOMr C AND SOCIAL IMFORTANCE OF ALBEMARLE SOUND

Lean E. Dan ielson
Associate Professor, Department o f Economics and Business

North Carolina State University

In trod uc ti on

This confet ence. focuses on the water qual ity in the rivers and sounds of
the Albemarle region- While these water resources are valuable to many users,
the value in a particular use is dependent upon the quality of the water.

The overall purpose of this paper is to provide a tramewark for evaluat-
ing the sac.ial and ecanomi c importance o f Albemarle Sound to the region. More
specifically, a framework will be developed whereby the benef its and costs of
water-quality improvement efforts might be estimated. Such a framework requires

recognition that there are many dif ferent water-qual ity problems in the atea
as well as many different users. An estimation of the benefits and costs to
improve water quality must, therefore, include a thorough review of who is
impacted by changes in water quality  those bearing the costs as well as those
benefiting! and how the impact varies by the. alternative solution being con-
sidered. Concentration on one alternative solution, or worse, on one benefi-
ciary group, may result in the implementation of an inferior policy because of
interdependencies between users. Thus, i t is important to real i ze that there
will be gainers and losers for any policy.

The Nature of the Problem

ln the United States, navigable waters are owned by the public and are
freely available for waste disposal, recreation, irrigation, municipalities
and other uses by everyone. A] though there may be a fee to treat the water
to deliver it to your home, or to gain access to it through private land,
there is no charge for the water itself. As a resu] t, there is a tendency to
use more of the resource than necessary. Since water bodies like the Chowan
River and Albemarle Sound have. a limited capacity to assimilate wastes and can
become congested, overuse resulting from underpricing the resource can lead to
resource degradation. The private market does not work in this case because
correct price signals indicating the resource's value are not provided.

Further, once water quality has declined, there is no incentive to clean
up the water individually or privately because  I! there are too many users
to meet and agree on what should be done and �! some affected users will not
help in solving the problem because they know they will benefit from cleanup
even without bearing any of the costs. Thus, in situations such as t.his, where
the workings of the private market fai' to ma ntain water quality, there often
is a call for pubj ic policies to reduce the extent of water pollution. As
leaders in the region, you have a key role in suggesting and analyzing such
policies.

But several questions arise when considering alternative governmental
policies +o improve water qualitv. What are the benefits and costs of cleanup.
How extensive should the cleanup action be? When does the last. dollar spent
for cleanup not return sufficient benefits to justify the expenditure? Who
gains and who loses under alternative policies? These and similar questions
need to be answered before public policies are established or public money is
used to guide resource use



procedures for estimating the benef i ts and cos ts of public pro j ec ts were
first developed in the 1930s to evaluate large.-scale water supply, recrea t ion

flood-contro l pro jects being proposed throughout the United States ~ Analy-
o f benef its and costs were explicitly required by the Flood  : on tro l Act. of

l 93ff bef ore fe deral monies could be allocated. In the years since then, pro-
cedures have been refined and modified, but measurement of the ~ualit~ vf the
resource, in contrast to ~uantit, has seldom been adequately incorporated,

In the 1970s, environmental quality became of greater concern t:o citizens
policy makers, and benefit-cost analysis began to assess the bcnef i ts and

costs of improvements in the quality of resources. Most of the early research
was on the benef i ts of air-quality improvements. Few studies have addressed
the benefits and costs of improving water quality. However, since the late
197Qs there have been theoretical developments in the procedures for estimating
benefits and costs of water-quality improvement; and while there are still few
correctly done empir ical studies, the theory for performing the studies is
available. Valuation of water quality changes is still not easy, but it can be
done.

Put simply, benefit-cost analysis is a framework or set of procedures
whereby the benef its and. costs of a project can be measured or estimated. Such
measurement is designed to improve decision making by providing additional
information on the advantages and disadvantages of alternatives. It is not.
unlike a cost-and-return project evaluation done by private enterprise, but in
the case of benefit-cost analysis, the costs and. benefits are more difficult to
measure because a market for the goods and services often does not exist.
Market prices of many inputs and outputs thus cannot be observed but must bc.
estimated. The basis for valuing these nonmarket services and products of a
resource project like improved water quality must still be based upon individual
consumer and producer preferences because the value of the output of resource
projects depends on the user's willingness to use and pay for that output or
service. This, in turn, is dependent upon the gains and losses from the policy
or project as perceived by affected individuals and firms.

Before turning to the task of identifying user groups that are impacted
bv changes in water quality, let me briefly mention four related issues and

First is a general skepticism concerning economists' desire to place
a value on each benefit and cost item that might result from a project. While
quantification of benef its may not be feasible in all cases, an e f f or t to est L-
mate value whenever possible  I! makes it easier to compare al.ternative policies;
�! reduces the tendency to place an infinite value on services or projects
which consumers, if actually given the choice, would perhaps forego, and �!
help~ avoid overlooking some user benefits that may result from improved water
quality.

Second, analysis of the benefits and costs of a water-quali.ty improvement
» other project provides information concerning the economic efficiency of the
project but should not include value judgments related to the distribution of
ga>s and losses from a project. Statements about the level and direction of
~e distribution of gains and losses can be made, but policy makers must ulti-
mately decide between projects that differ in terms of who gains and who loses.
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Fourth, it is essential that terminology be used appropriately. It is
confusing if, for example, costs of pollution and costs of pollution control
are rc ferred to interchangeably. Further, pollution damages and pollution-
control benei'i ts of ten are used interchangeably. Choice of terms in this case
depends on whether one starts from a polluted or pollution-free situation. If
the water is currently polluted, movement to an. improved-qual i ty situation
results in pollution-control benefits. If the water is currently clean, then
movement to the new situati on resul ts in pollution damages. In this paper, the
current s ituat ion in Albemarle Sound is taken as given so that improved qual ity
resui ts in costs of control to those helping clean up the water and in pol lutiof'
control benefits to the users of higher-quality water.

Benefit Cate pries

Water pollutants directly and indirectly sf fee t people in at least three
ways:  I! their heal th, �! their activi ties and �! the cost and availabilitl
of goods and services. Controlling pollution impacts the magnitude of these
effects, and benefits arise because of the value individuals place on reduction
in the e f.fee ts o f pollution.

To identify the uses and values impacted by changes in water quality rcqui~
at the outset that the resou~ce be viewed in its totality . This ensures  I!
that some cost and benefit categories will. not be overlooked and �! that trade.
offs and interdependencies between alternative and perhaps competitive uses wil
be identified and incorporated in the analysis. In addition, ir. assists in
organizing the analysis of changes in water quality because different valuation
procedures must bc. used depending on whether water is an input in a production
process or is used directly by rhe consumer. That is, the impact of water pol-
lution or changes in water quality differs depending on how the water is used.

The following categories of use. are worth considering separately:

Withdrawal UsesIn-Stream Uses

health
munic ipal
industrial
household

re crea ti on
aesthetic and ecological
commer cia l. f i shing

In-stream use involves use of the water in its natural location � the
tributaries and the sound. Benefits are dependent upon the biological produc-
tivity of the water or upon use of the land and water in close proximity to
its natural location. Water quality required varies for alternative recrea-
tional uses  such as swimming versus boating!. There is no opportunity for th!

to individually treat the watc prir r to using it. For example, someone
swimming will come in direct contact with the water, and his satisfaction leve.i
 i.e., the value of the resource! will depend directly upon the quality

Third, i t is neccs sary to di f ferentiate between bene f its that accrue at
the local, regional, state and na tional level. In some cases, benefits at the
[ocal level may not be benefits to a larger geographical area because the new
project may merely attract customers or users from elsewhere in the region wherr
these benefit.s would register as a cost.



expe'rience . Est imation of the in-stream ben ef i t s to po l lut i on aba re ment
involves estimating the value such users place on the increa sed 1 evel of satis-
faction gained f rom using cleaner wa ter or uPon the increased bi ologi cal Pro-
ductivity of the water In-stream use involves a very large quantity of water

large number of users. Hence, both costs and benefits of in-stream pot-
lution abatement will be large.

Withdrawal uses for industries, municipalities and households are quite
different. First, they involve pumping water out of the natural water body
through man-made f scil it ies. Relative ly smal l quantities of' wa ter are used,
and because the water is confined in tanks, pipes, etc., there. is potential for
treating it before it is used. Second, water for most withdrawal purposes is
used as an input in a production process and, therefore, has its impact on
resource value through the quality or cost of the goods and ser vices produced
 rather than satisfaction level or biological productivity! .

It is also clear that some of these uses preclude or are competitive wi th
other uses, while others are complementary to one another or at least are not
competitive. For example, industrial withdrawal  and eventual return! of
water may conflict with recreational use if waste discharges are suf ficient to
degrade the water from the recreationists' viewpoint. Nore generally, upstream
waste discharge can impact on all users downstream if water quality drops suf-
ficiently. Recreational fishermen and the commercial fishermen may not compete
with one another, although commercial fishing and sport fishing interests are
often at odds. Values for some other uses move together with changes in water
quality and do not compete for the waters' services  e,g., recreation, aesthetic
and health uses!. Thus, although each of these categories of use might benefit
from improved water quality through implementation of pollution-abatement mea-
sures, stimulation of certain sectors may actually have adverse impacts upon
another use because of interdependencies between use categories . Policy makers
must often evaluate these trade-offs in their decision making.

Estimatin Benefits of Im roved Water uality

How do we estimate the benefits of pol]ution abatement in the use cate-
gories identified'? As discussed earlier, pollutants have direct and indirect
effects upon people and things � on health, individual acti.vities and satis-
faction level, and on cost and availability of goods and services.

But to estimate the change in net benefits that occurs with pollution
abatement, it is first. necessary to know a great deal about the pollutants and
the extent to which pollution abatement will change the rate or location of
Pollutant discharge into the waters of Albemarle Sound. Second, information
must be available concerning the relationship between the changes in the
«scharge of pollutants into the environment and the change in the level of
environmental services  such as the number of fish caught, scenic beauty,
pleasantness of boating! or the change in water quality used to produce goods
and services. This is often referred to as a dose-damage or dose-response
function. Third, the improvement in the level of environmental services must
be correl.ated with the change in willingness of individuals and firms to pay

improved resource quality. This increase iu tim consumer's willingness
to pay constitutes the proper measure of the benefits of pollution abatement.
In a nutshell, estimating of the benefits of pollution abatement requires a
gr~at deal of quantitative information about the change in pollutant load, the
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resulting change in the water resource and, finally, the worth of those changose c anges
to consumers and producers.

There are two key points in this procedure that deserve explici t r'eemphasia
First, pollution abatement is a change in water quality, and hence, the benefi
that resul t f rom that acti on are also changes from some base-level value of trre
resource. Total base value. of the resource  such as total travel and tourism
expenditures or to tal docks ide value o f the f ish ca tch! is determined by many
other factors besides t.he quality of the resource, including the number of
lar areas in the region that are competitive wit.h the resource and tire social
and economic characteristics of the population in the region. It is inappropri
ate to cite as benefits the total value from these economic sectors because
those levels did not resul t solely from the change in water quality.

Second, it is inappropriate, for example, to use as a measure of benef its
the gross change irr travel and tourism expenditures in the area from a reduc-
tion in water pollution or the gross change in value of t.he commercial f ish
catch. An es timatc of the change in gross value of the commerc.ial fish catch
is an ove rest ima.te of benef its to that sector because f ishermen must incur

expenses to harvest a larger catch and are only wil,ling to pay the change in
gross value of the catch less the change in their expenses. That is, their
returns have only increased by the net value of their catch. The same is true
for travel and tourisnr expenditures and other use categories.

To summarize up to this point, the benefits of pollution abatement are
spread across several use categories and ari.se from: �! improved health, �!
the willingness of individual consumers to pay more for water resources that
for a variety of r'easons yield greater satisfaction to them and �! the wil 1�
ingness of producers to pay more for water as an input in their production
process because the resource has more value to them. Also, to obtain estimates
of the benefits of pollution abatement requires information on the current
nature and extent of waste discharge and water pollution, on the change in
water resource quality when pol]ution abatement occurs and on the extent to
which individuals and firms transl,ate improved water quality into benefits.
Finally, the benefi.ts counted must be changes in values occurring due to changes
in water quality  i.e., not total base resource value! and must be net benefits
above and beyond any increased expenses incurred by water users responding 'to
improved water quality.

Let us now return to the general in-stream versus withdrawal classifica-
tion scheme and consider individual categories of use under each, This will
highlight reasons why resource valuation procedures will not be the same for
all alternative-use categories and will allow for more detailed consideration
of production and consumption changes that lead to changes in the level of
benefits resulting from water quality improvement.

Withdrawal Benefi.ts of Pollution Abatement

Recall that earlier the following benefit categories were identified as
1withdrawal uses of water: health, municipal, industrial arid household-

Benefits to agriculture from water pollution abatement primarily occur
on abat+where water is used for irrigation. Benefits arise if, before pollutio»

ment, the water was of too-low quality to allow irrigation or if it causaused

damage to the irrigation system.
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The two characteristics that distinguish these uses from in-stream uses srrrh
as recreation are that t.he water is withdrawn from the water body through pipes
and that it can be treated in smaLL quantities before use.

Speaking generally and oversimplifying somewhat, health benefi ts are
gained if pollution abatement reduces sickness and prolongs life. Municipal
and household use of water involves withdrawal of raw water, treating it and
piping it to the user. Each of these activities is costly, and more so if the
raw water is polluted. Benefits from pollution abatement for these uses
result from reduced costs of treating the water and from reduced maintenance
or repair costs on the water distribution system. Industrial benef its result
for similar reasons if the industries withdraw and process their own raw water.

Estimating the benefits of pollut'ion abatement for municipal and household
uses that produce water ior final consumption is fairly easy and straightforward.
Water quality standards dictate what qual ity must be maintained for these uses,
and laboratory experiments can be used to estimate increased maintenance, repair'
and replacement costs for the treatment and distribution system.

However, estimating benefits to the industrial use category is not as
simple as for the other withdrawal uses. It requires an understanding of how
the industry responds tn the onset of reduced water qual.ity. The industry
responr e would be to spend additional money for treatment, repair and mainte-
nance nf its water system. If this were the only change, the benefits of pol-
lution abatement would be the amount by which these costs would be eliminated.
However, other industry adjustments occur that make such an estimate incorrect.
At the onset of pollution, the industry may do several things, i~eluding:
 I ! search for substitute piping and other materials to use in their water sys-
tem that will not be affected by the increased pollution, �! search for less
expensive ways to tres t. the newly polluted water, �! a t tempt to change their
production process to minimize the impact of pollution or �! change the
product they produce. With these options, and with a goal of profit-maximization,
merely using reduced treatment and repair costs would incorrectly estimate the
true level of benefits because industry would adopt those measures that reduce
the impact of pollution and keep their costs down. Short-run benefits of pol-
lution abatement, then, are equal to the difference between these "adjusted"
treatment costs and the treatment costs without water pollutio~. In the short
run and if there are no changes in the level of price at which the output is
sold, these benefits accrue to the industry because the profit margin  the
difference between revenue received and costs to produce the output! has
increased with control of pollution.

In the longer run, it is likely that both consumers and producers benefit.
If the reduced costs of production cause the firm to increase the level of out-
put, if a large nuraber of firms are similarly affected or if new fi.rms come
into existence because they see the increased potential for profit now that
water quality has improved, then the quantity of goods produced rises, the
market price of the product or products produced may fall and consumers bene-
fit as well as producers. The benefits of pollution abatement in this case are
shared by consumers and producers.

But in the long run, we can carry the analysis one step further. If the
increased net returns of the industry rise provid ro ers o nputs may try to



raise the ir Prices. 1 f the industry can ad just the quantity of the inPut
used, tire supplier of the input may not be able to get his higher asking price-
However, if the firm cannot adjrlst the level at which the input is used, such
as in the case of rented land upon which the industrial plant is built, then
the o~er of the land or other input can extract part of the increased return
to pollution abet.ement from the producer. Hence owrrers o f such fixed inputs,
as well. as consumers and producers, may a] so bene fit from Pollution abatement.

To summarize, for withdrawal uses where water is used in produc.tion of a
produc t sold in the market, pollution abatement benefits carr be estimated, but
it must be done care ully. Pollution abatement results in berrefits that may
be shared by consumers, producers and suppliers of inputs. Estimation of bene-
fits requires inc lusion of gains to all three groups.

In-Stream Benefits of pollution Abatement

The in-stream use benefits of pollution abatement listed earlier were
recreation, aesthetic and ecological., and cormrrercial fishing. Recreation use
includes activities such as swimming, camping, hunting waterfowl and sports
fishing. Aesthetic benefits arise from casual passersby and improved physical
properties of the water. Commercial fishing benefits arise from increased
catches and quality of fish and shellfish that at some t.ime during their life
cycle are dependent upon the sounds and estuaries.

I'ishery benef its are not easy to estimate because the biological data
required to derive the "pollution dose-fishery damage" relationship are diffi-
cult to obtain. Recall from the discussion earlier that it is the "change in
pollution-change in fishery" biological data that are required. If fish and
shellf ish populations decline, that portion of the decline due solely to pol-
lution leads to f.ishery damages. The benef it of pollution abatement is the
value of the increased catch occurring when pollution is reduced less the
extra expenses incurred to harvest the increased catch. SiInply looking at
change in catch value is incorrect. If the total fishery is closed because of
pollution, the benefits of water quality improvement are more readily avail-
able because harvest is zero before cleanup. However, evert in this case, the
reduced value of dockside catch from the closed area net of expenses overesti-
mates fishery benefits from pol lution abatement because with closure of the
fishery many of the fishermen will relocate and increase the value o f the catch
in the new area. Others may shift to dif ferent species. Overall, while fish-
ery benefits to pollution abatement may be large, back.-of � the-envelope calcula-
tions may be incorrect.

The benefits of po]lution abatement to recreation, aesthetic and ecologi-
cal uses arise because individuals receive great.er satisfaction an.d enjoyment
from a less � polluted environment and are willing to pay more for use of the
resource. At a particular site, benefits are greater because �! more peopl.e
may visit the site once it is cleaner and �! peopi«l«ady visiting the site
are like]y to be more willing to pay for those visits than before the c]eanup.

Recreational benefits from pollution abat""~ ~~~ Probably greater than
for any other use. Further, more studies have been co«u«eel ro value recrea-
tion benef its than for any other use. Yet, although re r'ea tion-valuation pro-
cedures in genera] have been greatly improved in recent years, valuation
remains difficult because �! a consistent water-qua ity ia.dex that indicates
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how individuals rate sites has not been deve p d, !velo ed and !2! the re>ation between
water quality at a site and an individual's choice to visit the site is not
available. Dara from most recrea oncation studies have not included measures of
water qual.ity and, 'nence, canno nowot now be used for water-quality analyses. Also,
past studies have often overlooked the importance of. other nearby sites that
are competitive for the recreationists' time and money. If there are many
other similar sites available nearby, the response to pollution abatement at
a particular site would be overestimated.

It is clear that. the sum of expenditures from travel and tourism in the
region would be an overestimate of pollution-abatement benef its because they
are not related to the change in benefits occurring due to the change in water
pollution. Furrher, there is need to exclude travel and tourism benef its that
occur because of nonwater-related activities. These problems not wi thstanding,
a correct evaluation of recreation benefits to pollution abatement in the
Albemarle region could and should be made ~

Aesthetic and ecological benefits arise with pollution abatement because
an area becomes more pleasant to live in and visit. Also included are bene-
fits from knowing certain habitats and species will exist because of pollution
abatement even though the individual would never expect to see them  existence
value!, and benefits from knowing one has the option of visiting the site if
desired {option value! . The level of benefits would be indicated by an indi-
vidual's willingness to pay for those attributes. One method of. evaluating the
level of aesthetic and ecological benefits is by analyzing property values.
Holding other factors constant, land on a polluted water body is expected to
be of lower value than land on an unpolluted site. Pollution abatement bene-
fits would, thus, be related to the amount by which land values rise with the
decrease in water pollution.

Local Benefi.ts

The benefit-estimation framework and procedures presented earlier are
designed to provide estimates of what individuals and firms would be willing
to pay for improved water quality. Kstimated benefits were based upon increased
net returns to firms using the water as an input. They are based upon demand
curves for resource quality.

In some cases, impacts across regions were suggested, as in the fishery
where a reduction in dockside value of commercial fishery catch in one region
might be partially offset by increased catch in another region. From a
multiple-region viewpoint, the change in catch value might have little impac.t:.
The same could be said, for example, of pollution that pushed rerreationists
into another region,

However, the individual regions in these two examples would feel the
impact of the changes in fishery catch and recreation visits because of the
expenditur'es by recreationists and the dollar value of the catch in their area.
In each case one region gains while the other loses. Thus, regions are inter-
ested in the possible shifts in resource nae between regions that. might result
from pollution aoatement in one or both of the areas

The magnitude of the impact will also extend beyond the initial dollar
expenditures and values identified above, Consider the recreation example.
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A recreational visit to Albemarle Sound might entail spending raoney for gaso-
line, food and lodging. These are the initial or direct expenditures and are
a measure of consumers' willingness-to-pay that is discussed throughout this
paper. These expenditures provide income to the owners of those facilities.
'in turn, they hire people to help run their businesses and purchase food and
other supply items as needed. To the extent labor and suppl ies are purchased
locally, a second-round income effect occurs in the form of payments for this
I.abor and goods. Recipients of second-round income also spend a portion of
their income and wages. This creates a third-round ef feet. The process con-
tinues for several rounds with a portion of the transaction value lost out.side
the region in each round because of hiring labor from outside the region,
importing food and supplies produced e1 sewhere, etc.

To estimate the total impact of direct  first-round! plus indirect
 second- and later-round! impacts on the region when a sector like recreation
expands, analysts use the concept of input-output analysis and the regional
employment and income multipliers that are obtained from such a model. Sectors
of the economy can be analyzed in as much detail as data will allow. Income
and employment multipliers are estimated for each sector to show the extent to
which growth in a sector sti~ulates the region's economy. For example, in a
study of Yaquina Bay, Oregon  Stoevener, et al., 1972!, it was estimated that
a $1 increase in expenditures on marines and marina supplies resulted in later
expenditures of another $1,10 in other sectors of the economy. Although the
input-output approach has limitations, especially when too much detail is
incorporated either in size of the region or the number of sectors, the approach
is useful as part of a more comprehensive analysis.

In addition to income and employment multiplier s, regional effects can be
analyzed for other changes such as property value, tax base and tax revenue.
Analyses of county business patterns are useful to show changes in retail sales
and employment by various sectors over the time when water quality was changing.

Costs of Pollution Abatement

This paper has concentrated almost entirely upon benefits of pollution
abatement, in particular the categories of use that benefit and how the level
of benefits might be measured. However, policy makers must recognize that
there are also costs of pollution abatement that are borne by someone or some
firm. In the case of Albemarle Sound, the costs of pollutio~ control. would be
borne by those who must adjust the waste load being dumped into the water. The
sectors bearing the costs would primer ily be industries, municipalities and
agriculture.

In this regard there are two issues; �! if total benefits of pollution
abatement do not exceed the costs, then society would be better off from an
economic � efficiency standpoint if the pollution was allowed to continue, and
�! regardless of whether or not total benefits exceed total costs of abate-
rrent, the distribution of benefits and costs will likely be uneven, so that
some will bear a larger share of the costs while others will acquire a larger
share of the gains. The extent of the evenness is dependent on the degree to
which the waste discharger has contributed to the water-quality probler .

In the Albemarle region, especially in the Chowan River area, considerable
research effort in recent years has provided a great dealdeal of information
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regarding nutrient loads in the river and the sources of the pollutants.
Extensive efforts and expenditures of large sums of money have already been
undertaken. to reduce nutrient contributions by industries and municipalities.

But just as there is need to provide estimates of the benefits of water-
pollution abatement in the Albemarle Sound region, there is al.so need to assess
the magnitude and incidence of the costs of pollution abatement so that informed
decisions can be made. Large improvements from a severe water-pollution situa-
tion can probably be made at relatively low cost. However, as cleanup pro-
ceeds, each incremental improvement will become more and more expensive. At
some point incremental costs will exceed incremental benefits.

Re ional Economic Develo ment

Let us now look at regional economic development as a possible goal of
pollution abatement. To some extent the benefits of cleaner warer may lead to
industrial development in the region. Recreational activities, which were
noted to provide the largest share of pollution-abateme.nt benefit.s, are depend-
ent to a large degree upon visitation from outside the region. Demand for
recreationally oriented industry would likely follow. Other economic activities
of a manufacturing and nonmanufacturing nature might also increase.

However, it is essential that regional economic developmenr goals 'be set
realistically, with due regard to the complexities associated with industry-
location decisions. Without going into detail, firms locate in areas where
they can make a profit. If the characteristics of one region appear to pro-
vide the potential for more profit than another, thar region will most likely
be able to compete more effectively for that new firm. The factors that deter-
mine profit-making ability certainly vary by industry type, and f irms l.ook for
different things. However, in general there will be several characteristics
or features that are important, including the cost and availability of indus-
trial sites, the availability of services and facilities  school s, fire pro-
tection, pol.ice protection, shopping facilities, etc.!, energy availability
and cost, transportation facilities, nearness to markets and raw materials,
labor of sufficient skill and in adequate quantity and the quantity and quality
of the water.

If a region is currently hindered by poor water quality, the reduction of
pollution will increase its attractiveness in regional economic development
efforts. However, the increased success in economic development will depend
also on many other factors. If there are severe limitations relative to these
factors, then improving water quality will have less economic development
impact than if water pollution is the sole limiting factor. Of course, regional
economic. development may not be a major goal of the water-quality improvement
effort in the region. In this case the existence of other industrial Location
bottlenecks would be imamterial.

Let me reemphasiee some key points;

l. Mater of high quality is an important and valuable resource in the
Albemarle Sound region. There exist a wide variety of inter-
dependent water-using activities that could yield benefits when water
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quality in the sound is improved. Those cited include activities
using water in-stream  recreation, aesthetic and ecological and
commercial fishing! and others that withdraw water before use  health
municipal, industrial and household!.

2. Benefit-cost ana!ysis, although it has limitat.ions, can provide a
framework for organizing data to more systematically evaluate the
benef i ts and costs of a water-pollution abatement program. Recent
improvements in procedures for analyzing the impact of water-quality
changes reinforce the need for properly done analyses.

3. Analyses of the benefits of water-quality improvement cannot proceed
without data showing  a! the nature and extent of pollution,  b! the
relation between the change in waste discharge with pollution abate-
ment and the quality of the services and products provided to users
of the water and  c! the value of the improved water-quality ser-
vices to firms and individuals.

4. It is the change in net benefits resulting from a change in water
quality in Albemarle Sound that is of interest and not the total
value of the industry or sector,

5. Finally, to give you an indication of the general magnitude of bene-
fits estimated to be obtainable from improved water quality in the
United States, let me present some national data Crom Freeman �979a!
on the benef its of meeting the 1985 requirements of the Federal Water
Pollution Control Act. Although these are national data, the magni-
tude of the benefits sugges ts that the potential high benefits in
local areas such as the Albemarle region deserve further analysis
and consideration by decision makers.

Tabl.e l. United States Benefits in 1985 from Removal

of Conventional Water Pollutants

 in billions of 1978 dollars!

Nost Likely
Point Estimate~Ran e

$4.1 � $14.1

Use

$ 6.7

$12.3$6.6 � $24.8Total United States

ou ce: Freeman � 79a, p.
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ALB SOUND ECOLO Z AND PHYSICAL CHARACTERISTICS

B. 3. Copeland
Director, Sea Grant College Program
TI >e University of North Carolina

Introduc tion

Albemarle Sound estuarine system lies wirhin the outer p~r<~
Atlantic Coastal Plain province, an emergent portion of the ocean
shelf, The Coastal Plain is generally a broad, low-relief surface
g~~tly seaward and is moderately dissected by the drainage patterns
systems The incised streams, with their associated floodplains
forests, in combination with the upland interstream divides, produce
topographic relief; the relief decreases seaward as the Coastal Plai»pproa
sea level.

Albemarle Sound and its associated tributary estuaries represeri<
complex of fresh- to brackish-water creeks, rivers; and open-water sounds
are the northernmost components and constitute a szgnificant portion
North Carolina coastal system  Figure 1!. The estuarine shoreline of the entire
system is in excess of 500 miles in nine counties, including Bertie, Camden.
Chowan, Currituck, Dare, Pasquotank, Perquimans, Tyrrell and Washington ~
Albemarle Sound is oriented approximately E-W and extends irom the ~uth of
the Roanoke River, about five miles northeast of Plymouth, eastward about 55
to 60 miles to Kitty Hawk Bay and Colington Island on the Outer Banks. The
main estuary gradually tapers from less than four miles wide at the Albemarle
bridge in the western portion, eastward to over 14 miles wide in the area of
the Alligator River on the south and the North and Pasquotank Rivera on the
north. The Albemarle Sound estuarine system includes seven major embayed
lateral estuaries and numerous small embayed laterals. On the north, the major
lateral estuaries are, from west to east, the Chowan, Perquimans, Little,
Pasquotank and North Rivers, while the Scuppernong and Alligator Rivers are on
the south.

Albemarle Sound, the major trunk estuary in the Albemarle estuarine system,
is in the Roanoke River drainage system. The main river in this drainage basin
is the Roanoke, whose headwaters are in the upper Piedmont of Virginia
North Carolina. The river flows from 1100-foot elevations in the Piedinont
highlands, across the generally flat Coastal Plain and becomes the Albemarle
Sound estuary just northeast of Plymouth. The river system delivers relatively
large volumes of fresh water but today carries a relatively small load of sus-
pended clay sediments to the coastal system because of several major reservoirs
on the river system.

Ph sical Characteristics

Land use in the lowlands surrounding Albemarle Sound is rapidi>
{Heath 1975!. Although cultivated land in the state as a whole is
in area, the number of acres under cultivation in th~ lowlands saute
marie Sound is increasing Ho st of the mineralized soils have trade tiaMlly
been farmed, but agricultural activities are now increasing in the
organic soils and some of the deep organic sails.
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In order to effectively cultivate the land of low elevation and high
water tables, it mus t be ef fectively drained  Skaggs et al, 1980! .
increase in agriculture, there is now a network of canals f inding their' way
to the. estuary. Although there are more canals today, this is not a z
activity, since drainage was first initiated in the late 1600s  I,illy 1980!,
A company owned hy Presiden t George Washington started the f irst large-scale
drainage project on these soils in the 1790s. The latest period of increased
drainage activity began in the early 1970s, when several large corporations
became involved in clearing and developing thousands of acres of land in eastern
North Carolina.

In general, land use around Albemarle Sound is limited by the fact t'hat
it is tlat and low-lying and much of it is swampy, The general expense of
draining the low-lying land wil I limi.t the variety of land uses avail ab]e
that area.

The two ma jor sources of f resh water in to Albemarle Sound are the Chowan
River and the Roanoke River . The average annual inflow of fresh water to the
sound is approximately 17,000 cubic feet per second  Table 1!. Over half that.
 8,900 cfs! is from the Roanoke River. The net inflow from the rivers entering
Albemarle Sound other than the Chowan and Roanoke is about equal to the amount
of water entering by precipitation.

Tab! e 1. Gross Water Budget  in cfs! for Albemarle Sound
 from Giese et al, 1979!.

Chowan Roanoke All Other Net
Month Precipitation Evaporation Inflow Inflow Inflow Outflow

17,000Average Annual 3,400 2,9004,6002,600 8, 900

Runoff  and, therefore, freshwater input! is not evenly distributed
throughout a year and may be far less than average values for several months
at a time  Wilder et al. 1978!. The average monthly runoff for streams within
the Albemarle Sound area is shown in Figure 2. These values are based on data
eollec ed over, less than 10 years of. continuous 1 " l d a d dc -ot enti-"»
define the flow variations when discharges are averaged over a month-
theless, they indicate the general seasonal variations that might b«xpec«d.
The amount of runoff is highest during the late winter and early spring months
and lowest during the fall.

January
February
March
April
May
June
July
Augus t
Sept ember
October
November
December

2,800
3, 400
2,900
2,500
2,800
3,600
5,400
5,000
4,300
2,500
3,000
2,600

1,000
1,700
2,200
3,400
3,900
4,200
4,100
3, 500
2, 800
1, 800
1, 400

900

6,500
9,100
8,600
6,600
3,700
2,600
3,000
3,500
3>000
2,200
2, 500
~4400

10,000
12,000
10, 000
11, 000
10,000

8, 500
8, 000
7, 500
6, 500

6, 500
7,500
8, 300

4,200

5, 900
5,600
4, 300
2,400
1,700
1, 900
2, 200
2,000
1,400
1,600
1, 300

23,000
28, 000
25,000
21,000
16,000
12,000
14,000
15,000
13,000
1.1, 000
13, 000
16,000



Before impoundments were constructed on the Roanoke River, the normal
f]pw late in the river was highest in the winter and lowest in the summer and
fall. Comparing the mean discharge prior to impoundment with the water budget
calculated for the river after impoundment indicates that the average flow
rates in the wintertime are now slightly reduced and those in the summer are
now slightly increased.

Minds and tides are the most important short-term factors influencing
circulation and water levels in Albemarle Sound, with freshwater inf laws from
tributaries playing a secondary role  Giese et al. 1979!, Easterly winds

tend to produce water levels lower in the eastern end of the sound and
hi.gher in the western end, whereas westerly winds usually have the opposite
effect. Northerly winds tend to build the water level uP along the southern
shore and reduce the water level along the northern shore, whereas southerly
winds have the opposite effect. Because of the shallowness of the basin,
there is little vertical stratification except in the very low reaches of the
estuary under certain calm climatic conditions.

The estuary is shallow, averaging only about 12 feet  GIese et al. l979!
The deepest portion is almost 30 feet, but most of the central area of the bay
is little more than 18 feet deep. The total volume of Albemarle Sound is about
5,310,000 acre-feet.

The total average outflow from the sound  about 17,000 cfs! is larger
relative to its volume �,310,000 acre-feet! than that of Pamlico Sound �2,000
cfs and 21 ' 000,000 acre-feet! This higher current strength is sufficient to
more effectively block saline water from the system. hioreover, the sea water
that does reach Albemarle Sound has already been diluted to almost half strength
in Pamlico Sound. Thus, the salinity in Albemarle Sound is relatively low.

The aquatic environment of the Albemarle Sound estuary is typically
oligohali.ne  Heath 1975; Bowden and Hobhie 1977!. The average surface salinity
of the Albemarle Sound estuary does not normally exceed about 5 ppt. lt is
generally lowest during the spring  Figure 3! and highest during the fall
 Figure 4! . Salt water seldom penetrates the estuary up to the mouths of the
Roanoke and Chawan Rivers  Giese et al. 1979; Bowden and Hobbie 1977!. Due
to the shallowness of the estuary and its prevailing winds, intense stratifica-
tion does not normally occur in Albemarle Sound.

Mean monthly temperatures in the Albemarle Sound estuary range between
about 5 C during January to about 28 C during July and August. There arefluctuations in these averages so that the extremes in the estuary are as low

0 C and as high as 30 C  Bowden and Hobbie 1977!. Temperature is probably
not a limiting factor for most organisms using the estuary.

Apparently there is adequate dissolved oxygen in Albemarle Sound through-
out most of the year, Concentrations range from about 4 to 9 ml of 02 per literduring all seasons of the year  Bowden and Hobbie 1977!.

ilitrogen and phosphorus are elements frequently considered l.imiting tophytopiankton productivity in natural waters, and nitrogen is generally can-
sidered to be the most limiting in Atlantic Coast estuaries  Kuensler et al.



Figure 3. Surface saliniries  ppt! in Albemarle Sound during APril
and Nay, 1971  frmn Borden and Hobbie 197~! ~
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Figure 4. Surface salinities  ppt! in Albemarle Sound during October
and November, 197l  from Borden and Hobbie 1977! .



1979!. Albemarle Sound has traditionally been thought to have supplies of
both phosphorus and nitrogen for abundant phytoplankton growth  Bowden and
Hobbie 1977! .

The concentrations of total phosphorus in the Albemarle Sound estuary
are variable in both time and space  Bowden and Hobbie 1977! ~ In general, the
higher concentrations are in the upstream areas, and the lower concentrations
are in the sound itself. The greatest influx of phosphorus into Albemarle
Sound occurs during the winter  Figure 5!, and the lowest concentrations occur
during the summer. Compared to other estuaries in North Carolina, the phos-
phorus concentrations in Albemarle Sound are relatively low  i.e., seldom more
than 5 Vg � at/liter!, probably due to the low erosion rates in the Albemarl.e
Sound water shed.

A diagram of total phosphorus concentrations in Albemarle Sound indicates
that nutrients penetrate far into the sound from its tributaries  Fjgure 5! .
For example., the 5 pg-at/liter concentration plume penetrated 60 kilomerers
into the sound from the Roanoke River end. It should be noted that peaks in
phosphorus concentration in the Pamlico and Sense estuaries occur during the
summer, whereas those in Albemarle Sound occur during the winter.

There is no proven criterion for the level of phosphorus that is unhealthy
for an estuary. Ketchum �969!, however, suggests that most highly eutrophic
estuaries on the East Coast have total phosphorus concentrations in excess of
2.5 pg � at/liter. Although total phosphorus is less abundant in Albemarle Sound
than in the other North Carolina estuaries, this threshold is still exceeded
on numerous occasions. Thus, one may conclude that phosphorus in the sound is
high enough to create eutrophic conditions under the right circumstances.

In general, the concentration of nitrogen compounds in Albemarle Sound
is high in the winter and low in the summer  Bowden and Hobbie 1977!. Similar
to the situation found in the Pamlico River Estuary to the south, most of the
nitrogen inputs occur in. the winter, while most of the nitrogen uptake occurs
in the summer  Kuenzler et al. 1979! .

Nitrogen is present in the water in several. forms. The most abundant is
nitrate, but there are significant concentrations of ammonia and nitrite.
Organic nitrogen exists in both the dissolved and particulate forms.

Nitrate, the most abundant inorganic nitrogen form in Albemarle Sound,
ranges between a trace and 8D ug-at/liter  I.e,, about 5 mg/liter! . Although
a normal high concentration is about half that, the peak values of nitrate
nitrogen indicate that the sound has enough nutrient input to support large-
bloom conditions. The high concentrations of nitrate nitrogen present in
Albemarle Sound during the winter  Figure 6! can generally be traced to the
tributaries around the sound. Normally, the summer concentrations of nitrate
nitrogen were relatively low, but in some years there was a strong increase by
October  Bowden and Hobble 1977!. The inflow of nitrate nitrogen to the sound
penetrated far into the estuary during the winter and early spring ~oaths
guite high concentrations of nitrate nitrogen  I.e., above 0.5 mg/liter! exist
iu Albemarle Sound during about six months or each year.

This pattern is in substantial agreement with that reported by Stanley
and Hobbie �977!, who intensively studied the lower Chowan River just before
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Figure 5. Annual pattern of total phosphorus  ug-at/liter! in Albemarle
Sound during 1971-1972  from Bowden and Hobbie 1977! .
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it enters Albemarle Sound. They found a distinct nitrate maximum during the
winter and a minimum during the summer. They a t tributed this pattern to high
winter runoff and high summer algal nitrate uptake. This pattern also agrees
with a similar situation observed in the Pamlico River estuary  Hobbie j974!
and the Neuse River estuary  Hobbie and Smith 1975!.

Ammonia nitrogen is also very impor tant, to algal productivity. Ammonia
concentrations in Albemarle Sound have been found to be erratic both spatially
and tetnporally. Again. the highest concentrations are found, in general, dur-
ing the winter and the lowest during the summer  Figure 7! . However, there ate
some secondary increases during the early fall and early summer periods cor-
responding to some temporary periods of high runof f. In general, ammonia nitro-
gen is more abundant in the mouths of the tributaries than it is in the sound
itself, which is some evidence that the source of ammonia is from upstream in
the tributaries.

In general, the ammonia nitrogen was somewhat less abundant than nitrate
nitrogen, although the peak concentrations range as high as 50 ug-at/liter
 i.e., about 1 mg/liter!. Like the nitrate pattern, ammonia nitroge~ concen-
trations were sitnilar in the upper reaches of Albemarle Sound and the Chowan
River  Stanley and Hobbie 1977!. Seasonal and concentration patterns were
similar to those of the Neuse River estuary  Hobble and Smith 1975! and the
Pamlico River estuary  Hobbie 1974!.

Dissolved organic nitrogen may represent a very large portion of the total
nitrogen pool in natural systems  Tusneem and Patrick 1971; Harrison and Hobbie
1974; Kuenzler et al. 1979! . Recent evidence indicates that dissolved organic
nitrogen may bn about 90 percent of the total nitrogen available in estuarine
waters. There is no reason to believe that Albemarle Sound does not follow
this same pattern  Stanley and Hobbie 1977; Bowden and Hobbie 1977!.

Detritus and Organic Carbon

Influx of detritus and organic rnatter from upstream sources is very impor-
tant to an oligohaline estuary such as Albemarle Sound  Copeland et al. 1974!.
The highest concentrations typically occur at the head of the estuary and in
the mouths of the many tributaries entering the sound. Concentrations of
residue in the incoming water from the tributaries can be relatively high
 Table 2!. A very large percentage of the total residue settles out of the
water once it reaches quiescent conditions. These materials settle to the bot-
tom and become part of the bacterial/animal reworking that takes place in the
sediments. The suspended residue is mainly dissolved organic and inorganic
tnaterials contributing to a relatively high biochemicai oxygen demand �-day
BOD! .

There is a large seasonal variability in the amount of organic carbon
entering the estuary. The highest concentrations normally occur during late
sunnner and fall, which corresponds to the die-off of plants on the watershed
and in the streatns and estuary.

'r.'ith the number of streams entering Albemarle Sound, the total amount of
freshwater input indicates that the sound receives very large loadings «
detritus and organic carbon each year. It is not possible to separate the
amount of materials coming into the system as to their sources. Likew«e.
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Figure 6. Annual pattern of nitrate nitrogen  ug-at/liter! in Albemarle
Sound during 1970-71  from Bowden and Hobbie 1977!,
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Figure 7. Annual pattern of ammonia nitrogen  ug-at/liter! in Albemarle
Sound during 1970-71  frown Rowden and Hobbie 1977!.
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Table 2. Res idue and BOD of Water Entering Albemarle Sound
During 1974 in mg/1  from Heath 1975!.

Suspended Residue
Organic
Won � organ ic

5-Day BOD

do not exist to estimate the carbon use by sediment respi.ration and the amount.
stored in the sediments during the process of sedimentation.

Biolo ical S stems

Phy toplank ton

There have been no reports of direct phytoplankton cell counts in Albe-
marle Sound. Since the sound is typically oligohaline  i.e ., below 6 ppt!, it
is reasonable to assume that: the phytoplankton population is dominated by
dinoflagellates, blue-green algae and diatoms  Copeland et al. 1974!.
In. deed, the Chowan River summertime blue-green algal blooms have been well
known during the past few years  Stanley and Hobbie 1977!.

Typically, the distribution of phytoplankton in Albemarle Sound is patchy
and variable  Bowden and Hobbie 1977! . The chlorophyll a reported by Bowden
and Hobbie �977! wi] l be used to characterize the phytoplankton seasonality
and distribution in the sound. Their reported values are corrected for
phaeophytin and, thus, represent a simple estimate of the viable phytoplank-
tonic biomass. The numbers should be considered as relative because it is
well known that the amount of chlorophyll per algal cell vill change with
changes in nutrient or light conditions.

Chlorophyll concentrations were lowest in the winter and highest in the
spring and summer  Figure 8!. The highest concentrations tended to appear in
the tributary-dominated sections of the estuary, although there were some high
concentrations in the lower estuarine section.

Bloom conditions have occurred in Albemarle Sound  personal observation!.
which may be controlled by flushing activities in the upper reaches. For
example, the high-flow conditions after Hurricane Ginger in 1970 apparently
washed many of the algae out of the sound, and the typical bloom did not occur

1971  Bowden and Hobbie 1977!. By the rollowing year, h=we"-r, when the
conditions had stabilized and as the temperature warmed in April, extensive
blooms occurred throughout the sound  Bowden and Hobbie 1977!. Therefore.
typical oligohaline estuarine conditions prevailed in Albemarle Sound, wher~wherein
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b]poms occur as a resul t of incoming nutrients and stabil ized f row conditions
are occasionally flushed out due to increased freshwater discharges.

Attached Aquatic Plants

Typically, the submerged grasses play an important role in the primary
p'roduc tivi ty of an ol igohaline estuary  Copeland et al, 1 974 ! . General 1 y,
the submerged plants cover only a very small percentage of the surface area
of the es tuary but general ly can tribute a much larger Pere en tage to the to ta 1
primary productivity.

In the absence of reports on the submerged aquatics in Albemarle Sound,
we can make some assumption.s about their role there from the studies done by
Zenkevitch �963! on the Baltic Sea, which is one of the world' s best examples
of an oligohaline es tuarine system. Submerged plants are general ly more
prevalent in the lower reaches of the estuary and become impoverished as one
goes further up the sound to the tributaries.

Microbial Component

A ma]or microbiological problem, commonly referred to as red-sore disease,
affects the fisheries of Albemarle Sound  Esch and Hazen 1980!. The impl icated
microbe for red-sore disease i s Aeromonas hydrophila, a gram � negative bacterium
found in fresh to brackish water  Hazen 1979!.

The presence nf the bacterium A. ~hdro hila, the causative agent of red
sore disease, seems to be associated with high concentrations of decaying
organic residue  Esch and Hazen 1980!. The fact that the disease occurs in
Albemarle Sound may be associated with the input of high concentrations of
organic materials from some of the tributaries.

The threshold level of A. hyydro hila is thought to be 40 colony-forming
units/ml  Esch and Hazen 1980!. This concentration is exceeded during the
winter and spring  Figure 9! at several locations in Albemarle Sound.

Zooplankton and Benthos

No systematic studies have been. made of the zooplankton and benthos popu-
lations of Albemarle Sound. The typical oligohaline estuary has a low diver-
sity of these organisras, and their distribution is patchy  Copeland et al.
1974!. We can assume, therefore, that patterns in the sound are similar.

There are some species that tend to thrive in great numbers in a stress-
ful environment such as Albemarle Sound  Copeland et al. 1974!. One benthic
example is the ~Ban ia clam, which grows in dense beds in tbe lower sound
 Ne C. Shellfish Sanitation Division!. These animals have been harvested
from time to time and marketed for the production of clam chowder  Chestnut
and Davis 1975! . In recent years, however, these clams have been shown to be
heavily contaminated with a bacterial mixture that does not appear to be
pathogenic.
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Figure 8. Chlorophyll a  ug/liter! irf Albemarle Sound during April 1972
 from Bowden and Hobbie 1977!.
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Figure 9. Number of stetions  of 20! where the density of e. ~hydro hiis
exceeded the 40 cfu/ml thre8hcld level  frouf Esch a«HaEe+
1980! .



~kton

The diversity of nekton populations in Albemarle Sound is relatively low
 Hester and Copeland 1975; Rassler et al. 1981! . The nekton is dominated
by the bay anchovy, Atlantic croaker, white perch, blueback herring, hog-
choker, white catfish, blue crab and spot  Hester and Copeland 1975!.
Hassler et al �981! found that young-of-the-year striped bass were also
p'r ominent in the wes te rn Albemarle Sound ~

There is considerable variation of the nekton catch in Albemarle Sound
over the past 2S years  Hassler, et al., 1981! . The researchers reported
catch-per � unit effort in the sound indicating orders-of-magnitude differences
in the population density from one year to another.

large seasonal fluctuations are evident for the Albemarle Sound nekton
 Figure 10! . There are two seasonal peaks in the number s of nekton in the
catch, with the highest occurring during the spring months of April through
June and a secondary peak in late suzrner/ear?.y fall. The biomass peaks during
the winter and again during the mid-summer season. When subdivided between
the western and eastern portions of the sound  Figure 11!, the~e is an obvious
dominance by the western portion for the seasonal. biomass distribution.

There are three behaviorally different nekton populations that character-
ize the sound and account for quantitative di.f ferences illustrated by the catch
data {Hester and Copeland 1975!. The indigenous population, occupying the
extreme western sound area, is dominated by white perch, catfish and gizzard
shad and makes up the large winter peak in biomass. A migratory population
inhabits the eastern portion of the sound on a seasonal basis. This group is
dominated by spot, Atlantic croaker, bay anchovies and blue crabs and makes up
most of the spring population. The third group is the anadromous population,
composed primarily of blueback herring and striped bass, which migrate into
the freshwater streams to spawn during early spring and move down as juveniles
into the estuary during early summer.
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CHOWAN-ALBEMARLE STUDY PLAN

A lan Kl ime k
Head, 'sweater  !uality Planning Branch
Divi sion o f Environmental Management

N. C. Department o f Natural Resources and Community Development

If we look at the Chowan River drainage basin, we see that three-fourths
of the drainage comes from Virginia. This illustrates the regional scope pf
the problem and r.he rreed to have several counties, the state and Virginia
involved with the restoration efforts. It is also important to note thar. the
sound is much larger than the Chowan River and, hence, a more complicated sys-
tem to manage.

~Al sl Blooms

Figures 1 and 2 show the extent of the algal blooms from 1971 to 1979,
Two points emerge from this sequence of figures. First, the portion of the
river affected by algal blooms has increased with time. While the blooms once
were confined to the lower river near Colerain, we now find blue-greens
stretching from above Holiday Island to the upper reaches of the sound. This
migration of algae into t.he sound is of concern and is the principle manifesta-
tion of declining water quality in the sound. The sequence of figures also
helps explain why certain years have been relatively free of blooms and others
have experienced significant blooms. Certain climatological conditions
apparently need to occur before the blue-green algae can dominate the river
throughout a summer and early fall period. These are a wet spring, a hot,
calm summer and a significant runoff event sometime during midsummer. The
wet spring causes a large nonpoint source input of nutrients because of the
high number of rain fall runoff events occurring on already wet soils. The hot,
calm summer is needed to give the algae the proper environment and the neces-
sary time to reproduce. A significant runoff event is needed in the summer to
give the algae a second dose of nutrients. In the spring of 1980, a very sig-
nificanr. bloom began to appear. However, the bloom used up the available nutri-
ents during the dry summer and then decreased rapidly since no additional nutri-
ents were washed in during the dry summer. The drought continued into 1981 and
allowed salt water to move up into the Chowan River. The resulting salinity
inhibited the growth of the blue-greens throughout the summer.

In response to the massive bloom of 1978, North Carolina officials ini-
tiated the Chowan River Restoration project  CHORE!, which included an Action
Plan outlining the immediate steps the state could take to improve water
quality A long-term management plan for the Chowan River is in draft form
and should be finalized by thi.s summer With the passage of H.B. 747, an
Action Plan will be developed for Albemarle Sound. It will outline the Irrrme-
diate steps the state could take to improve any problems in the Albemarle basin
and also recommend whether a long-term management plan needs to be developed.

Im ortance of Phos horus

Figure 3 suamrarizes the algal response to various levels of phosphorus
loading to the river. While both nitrogen and phosphorus are responsible
the algal blooms, and while both nutrients need to be reduced, phosphorus is
the more important of the two. This is because it is easier and cheaper to
reduce snd tbe blue-green algae can fiw nitrogen from the atmosphere once
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an Rrver from the en trre wntersh d Thc contr>buttons are forest and
wet]ands 20 percent, agri c ul tur» 45 pe rcent, industries 20 percent and muni-
cipall discharges 15 p e r c en t .

Figure 5 summarizes the annual contributions of phosphorus to the lower
Chowan River from the North Carolina portion of the basin. The contributions
are very similar; forest arid wetlands 20 percent, agriculture 45 percent,
industry 10 pe~cent and municipal discharges 20 percent.

While there is a relatively good handle on the nutrient input from point
sources, better numbers need to be developed to quantify the agricultural input.
5pecial studies were initiated in four predominately agricultural watersheds
�-10 mi !, illustrated in Figure 6. A fifth� forested control watershed is also

the figure, northeast of ".lurfreesboro.

Phos horus Reductions

Figure 7 again shows the phosphorus budget for the North Carolina portion
the watershed. The shaded portions represent the amount of phosphorus horus that

~d with was'tevater treatment facilities and good land management
is p«bably not possible to significantly reduce t p pe the hos horus

forests and wetlands. It is estimated that 3 p30 ercent of

contribution can be removed  or about 15 perercent of the total

arolina input!; this is shown by the shaded portion. ThThe dotted line

percent removal. It is pr'obably ver'y optiraistic to th'no think that the

" «»1 inputs could be cut in half. The relative amount leaving the
fie ld is so ~ll tl t only ~all improvements can be plannned for. For indus-
trie it is technically possible to rem vove all their input.
gowev d be quite expensive. In North~ the industrial phos-

,s. ~ ~ -' -. - � -. ~or ~ekes phosphorusalready ceased t;. r. ina~t.r i
fert ited Piece Dye Works changed an in-plant p erocess and reduce.
their r m»g/1 to 1/2 mg/l. Nunicipaalities are being urge

ch would remove most of their input.
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Figure 8 takes the 20-percent phosphorus input from municipalities a�d
makes a whole pie chart out of that sum. The dark shade for Woodland and
board indicates that they already have installed land-disposal systems.
lighter shade highlights the towns that have received f unds to construct j and
disposal facilities, Edenton and Ahoskie are scheduled to receive construction
funds by the summer of this year.

Figure 9 is a slightly different way of presenting Figure 3. However,
time is used instead of phosphorus loading for the horizontal axis. If no
cleanup actions were taken, the amount of algae in the river would continue
to build, as shown on the no-action curve. A ten-year implementation plan
assumed. It can be seen that a strategy involving both point and nonpoint
source inputs is needed.

A more detailed presentation of the proposed work plan for the Chowan-
Albemarle Study will be available later this spring.
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E NVI RONME NTAL FACTORS CAUS ING BLUE-GREEN ALGAL, BLOOMS IN THE CHOWAN

Hans Paerl
Associate Professor

UNC Marine Sciences Institute

Our study over the past two years has dealt with the causes of blue-green
algal blooms in the. lower Chowan River and their possible long-term environ-
mental impacts.

This study is one of four on the Chowan sponsored by the UNC Water Resour-
ces Research Institute, which is headed by Dr. Jim Stewart. Funds were derived
from. the Department of the Interior and the state. It is critical that state
interests are maintained since the Department of the Interior has indicated a
lack of interest in future funding of these studies.

Investigators for the other three Chowan studies are here today. They
are Dr. E. J. Kuenzler, who is studying sediment water column nutrient inter-
actions; Dr. A, M, Witherspoon, who is working on phytoplankton community
dynamics in the river, and Dr. Samuel Mozley, who is studying benthic fauna and
their distribution in relation to changing trophic status, or water quality, in
the lower river. Also, I would like to thank the Division of Environmental Man-
agement for help in providing data and samples during these studies.

I will outline the environmental factors causing nuisance blue-green algal.
blooms in the Chowan, which appear to be diverse, in order to illustrate the
complexity of the different inputs causing changes in the river. I will also
describe briefly how these blue-green algal blooms have changed the food web
or food chain in the river itself. These organisms constitute the base of the
food chain that the animal plankton feed on, in turn providi~g food for fish,
which constitute the economic interests in the lower Chowan-Albemarle system.

Lower River Susce tible to Blue-Green Blooms

Our research area was the segment of the lower river between Holiday
Island and Colerain. This area is particularly susceptible to blue-green algal
blooms. One reason for this is that the Chowan-Albemarle estuarine system is
a freshwater system, whi.ch makes it susceptible to freshwater nuisance species
like the blue � greens.

Another reason is that the physics of the system are very much like that
of a large lake. Water moves through the system very slowly so the residence
time is long and the system tends to stratify thermaLLy. That i.s, its tern-
perature gradient resists mixing. Under these conditions, during periods of
low flow, the blue-green algae can come to the surface where they dominate,
forming nuisance blooms.

In our study the emphasis was on investigating the growth and proliferation
of the blooms in the system itself, not on taking samples and incubating them
in a laboratorv. We wanted to get an idea of what goes on in a single day in
the river.

BlueMreen Al ae Hi hl Ada tive

Xbeae nuieanee blue-green algae we are talking about, Anabaena, ~Ahani-
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conditions. They are undesirable items in the food chain for two reasons.
First, they form colonies, or c.lumps, that are too big to be eaten by the small
anitnal plankton that. are intermediate between the algae and the eventual fish
production. And second, they form toxic materials inside their cel ls, which
they can also excrete into the environment.

One characteristic of the Chowan is that it is highly colored, so light is
absorbed in the upper part of the water column. Algae require light for
growth,so the amount of potential algal growth in the river is forced up to
the surface. The reason the blue-greens are such a problem is that they are
able to make themselves buoyant, move up to the well-lit surface. and shade out
the more desirable algae.

This is probably one reason they have proliferated. They can accumulate
in an area where there is plenty of sunlight and form scums  which are not
decaying but actively growing algae!, causing the light to be absorbed in that
scum and shading out the more desirable diatoms and green algae in the under-
lying par t of the wate r column.

Another detrimental result of the blooms is that since there is very li ttle
algal growth at times under lying these scums, a high degree of oxygen is con-
sumed, with no oxygen being produced because there's no other plant growth; so
there is increased potential for oxygen loss. These are ideal conditions for
setting up the blooms. When the water is very calm during the summer and the
surface water heats up, there is very little mixing, and the blue-green algae
can then form these scums because they are not forced by the wind to be mixed
in.

Another characteristic of the blue-green algae is that when. they start to
bloom at the surface during the summer, they have a biochemical process called
nitrogen fixation, which is the ability to use nitrogen from the atmosphere and
convert it to ammonia, which all plant life can use, As a result, they can
sustain their own nitrogen needs simply by nitrogen fixation, very much like
soybeans do. This is why phosphorus constraints, which were mentioned by Alan
Klimek, are so crucial. Since these algae can meet all their nitrogen require-
ments by using atmospheric nitrogen dissolved in water, the main constraints
on their growth are largely through phosphorus. So the amount of phosphorus
released during the potential bloom period is a crucial factor in determining
to what extent the blooms will proliferate.

Nitrogen inputs are important, too, indirectly. They play a major role
in causing the growth of spring algae. Excessive spring nitrogen inputs will
lead to a higher amount of phytoplankton biomass. This, in turn, further
enriches sediments with organic matter, which leads to greater biological oxygen
demands. Excessive biological oxygen demands increase the potential for oxygen
deficits, which can lead to accelerated nutrient release from the sediments.

year 1981 was unusual in that the river hardly flowed at all for about
four months, especially f rom the end of December until about. mid-Hay. Union
~p pul p mill ef fluent formed a large mass that remained in the segment of the

from Holiday Island to Colerain for about two or three months. This
ef fluent discolors water even more than it ia naturally, so the algal growth
zone i.s pushed up even closer to the surface.
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In 1981, given the drought, a1most all water was effluent, which had a
prof ound ef fee t on the degree o f algal growth in the river and the e f ficiency
of that growth.

Effi 'e "cy of growth was reduced not only because of the coloration but
because of the humic material. These dark-colored constituents of the efflu-
ent appear to have a chemical effect on algal growth by interacting with cer-
«in chemicals the algae require. To study these effects, we incubated river-
water samPles  Purified to rid them of nutrients! with humic materials equal
to amounts in the river last year. Preliminary results, which we hope to
elaborate on this year, showed that additions o f e f fluent ta Chowan River water
with its natural sPring  desirable! algae decreased algal growth by about 50
percent, compared to the control sample  river water without added effluent
However~ additions of humic materials to populations of blue-green algae showed
very little effect. This indicates that the humic material benefits the blue�
greens as opposed to the desirable algae. We wondered if the inhibition of
growth was a toxic effect ~ But we found that if we added trace metals back
to the humic materials, we could increase the algal growth potential. It looks
as if the humics are grabbing onto, or binding, trace metals needed by the
algae., thus causing trace-metal deficiencies. The blue-greens, though, are
able to counter this effect because they have their own metal-grabbing com-
pounds. They are really very opportunistic and can overr ide many of these
environmental effects, whereas the desirable algae cannot. This leads us to
the need for further investigation of pulp mill effluent and similar compounds.
They may not only be contributing nutrients to the river bu't by inhibiting
growth of the desirable algae, may al.so be accelerating the rate at which blue-
green algae start to dominate the system.

You might ask why we didn' t get a blue-green bloom last year. Conditions
were right, and the good algae were knocked out by the humic material. Dry
conditions during the winter and spring and resulting low flow led to increased
levels of salinity, which inhibited growth of the blue-green algae.

Xn summarizing, I would emphasize three factors to be considered in look-
ing at the occurrence of the nuisance algal blooms:

1. the importance of constraints on nutrient inputs to the river

2. the role of humic materials in inhibiting growth of the desirable
spring algae

3. the salinity tolerance of the bLue-green algae.





FISHERIES PRODUCTION IN ALBEMARLE SOUND

Harrel Johnson

Coordinator, Fisheries Management
Division of Marine Fisheries

N. C . Department of Natural Resources and Community Development

As I was listening to Alan Klimek and Hans Paerl make their presentations,
I suddenly realized that many of the constituents we in the Division of Marine
Fisheries serve have been indoctrinated with this program on several occasions.
It's no wonder they are so upset when they hear again and again of the impacts
of various nutrient inputs and other activities on fisheries production in the
Albemarle Sound area.

Simply put, in order to have good fishery resources in Albemarle Sound,
it is necessary to provide those resources with the basic requirements for
life: food, dissolved oxygen and freedom from disease. As stated earlier,
eutrophication, or excess nutrients, can eventually cause changes in food pro-
duction and the food chain. Overfertilization of our waters can also create
an unhealthy situation for fish populations. An example of this is red.-sore
disease. Dr. Gerald Esch from Wake Forest University conduc ted research in
Albemarle Sound that showed a strong correlation between the incidence of the
disease, or the agent that causes it, a bacterium called Aeromonas ~h dro hiia,
and the amount of orthophosphates in the water, which ties into the phosphorus
cycle. The disease itself is also rather complicated in the way it infects
fish. A stress-type mechanism is involved. Any time a fish is put in a situa-
tion it is not accustomed to � -whether it be elevated temperatures, low dis-
solved oxygen or perhaps exposure to toxins such as those produced by blue-
green algae--its defense mechanisms may be lowered, making it susceptible to
disease.

Fisheries production in Albemarle Sound was at one time a very significant
industry. The sound currently has a very poor standard quality of water, and
the bottom line is that water quality is the key to fisheries production. If
all the current and planned management activities result in water quality
improvements in the near future, I think fisheries production will improve
also.





FISHFRIES RESOURCES AND TRENDS

Michael Street
Chic f of Fisheries Management
Division of Marine Fisheries

N. C. Department of Natural Resources and Community Development

Connell Purvis, Director of the Division of Marine Fisheries, was sched-
uled to make this presentation, but he was called to give testimony today before
a corrmit tee of the General Assemb Jy.

would like to note that one member of our Marine Fisheries Comraission,
Mr. Earl Smith, is here today. The Commission is extremely interested in the
problems in this area and has been for a nuraber of years.

I have a personal involvement in the Albemarle Sound area. I started work-
ing here in 1971 and lived in Elizabeth City f rom 1972 to early 1975 when I
was transferred back to Morehead City. My master's thesis was done on river
herring down in Georgia. During that time I examined some of the literature
and learned a bit about the significance of herring fisheries in this area and
their historical aspects.

Fishing has been a very important activity in Albemarle Sound, as Dave
Stick mentioned, since colonial times. The early settlements were dependent
on the water. Many of the early writin.gs describe the species of fish and
fishing methods of the Indians from the Roanoke Island up to the sound. Salt
river herring was a very early commodity, which was shipped from the royal port
of Edenton to the West Indies. In fact, it was so important that herring was
used as currency in this area.

The major fisheries were conducted with seines, many more than 2000 yards
long. The work was dangerous since it was conducted during spring when the
water was very cold, The seines were used to fish for river herring, shad
and striped bass. In many instances these seines were worked by people from
The large plantations such as Aroca, Scotch Hall, Eden House and others.

After the Civil War, fishermen were catching large amounts of fish. The
fish were either cut and salted in the case of herring or like shad were packed
in ice  ice-making machines were developed after the Civil War! before being
sent by steamer up the Chowan River to be loaded on rail cars bound for
northern markets.

The days of the large catches are presently behind us. Figure 1 shows
total landings in Albemarle Sound by major species from 1967 through 1980 in
arlllions of pounds. In volume~ river herring is obviously the dominant catch-
Catfish i.s the most steady of the landings, and crabs have become relatively
more iraportant in recent years. But frora the peak totals of about 23 million
pounds in 1969 to the IO million caught today is a very great reduction.

ks for individual species, striped bass is extremely Important in this
area~ both commercially and recreationally. From fall through spring striped
baes aXe caught with gill nets by fishermen along the Albemarle Sound, Chowan
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River, Roanoke River and Currituck Sound  Figure 2!. In recent years, the
fishery trend has been downward. Major reproduction of striped bass is in the
Roanoke River in the Weldon area, with some very minor spawning occurring in
the upper Heherrin and upper Nottoway Rivers in Virginia. Sampling done by
Dr. William W. Hassler of 5. C. State University and by the N. C. Division of
Marine Fisheries indicates that there has been essentially no successful striped
bass reproduction in the Roanoke River since about 1976. The eggs are spawned
but there are problems with their viability. What seems to happen is that the
larvae get down in the western Albemarle Sound where something goes wrong. We
think it is poor water quality in the nursery area due to such sources as the
pulp mill effluent from both the Chowan and the Roanoke Rivers and other indus-
trial, municipal and domestic nonpoint discharges.

Red-sore disease had some significant effects in the late 1970s with 10
to 20 percent of the commercial catch af fected during various periods, but
fewer vere affected last year, principally due to drought conditions and ele-
vated salinities.

We used to sample the Elizabeth City striped-bass tournament every year
for information on the age and size of the catch, but T don 't think the tourna-
ment has been held in the last two or three years because there haven' t been
enough fish. Data from Hassler indicate that hook � and-line catches in the
Roanoke River peaked in 1971 at about 65,000 fish during the spring spawning,
down to about 15,000 in 1980 and even fewer in 1981.

ln Albemarle Sound, Hassler's data show that in 1970, 96,000 striped bass
vere taken by sport hook-and-line fishermen. Jointly conducted surveys by the
Wildlife Resources Commission and Marine Fisheries during ] 977 through 1979
showed about 3,000 fish in 1977, down to 6,000 fish in 1979 .

Tvo species of river herring are the blueback, which make up more than 80
percent of the total for most years, and the alewife  goggle eye or forerunner!.
They are caught by gill nets in the western part of the sound and lower Chowan
 Figure 3! during the early part of the season and by pound nets later during
the year.

Our sampling of juveniles in the nursery areas of Albemarle Sound and the
rivers indicate that similar to striped bass, spawning of herring appears to
have been generally unsuccessful since the mid 1970s. We feel that that initial
decline was probably caused by foreign overfishing on the high seas before the
institution of the Fishery Conservation and Management Act of 1976, which
restricted foreign fishing off our shores. Landings by nations such as the
Soviet Union, Poland and East Germany were very high during the late 1960s and
early 1970s but have been insignificant since about 1975. There have been no
signs of recovery in stock. We think this is probably due to water quality.

Blue-green algal. blooms, as mentioned earlier today, cause a number of
problems. We have some indications that when the blooms occur very early in
the year. there may actua11y be phys'ica interference, a smothering of larvae
by filaments during the latter part of the spawning season. Also, there is the
matter of shading by the algae and by Union Camp effluent last year, which
altered the food chain. Potential problems exist with the food chain, which
could possibly lead to starvation. As Hans Paerl stated, there is now some
good data from 1981 showing some of the effects of Union Camp effluent, and



information recently compi f ed by the Division of Fnvironmental management
indicates there was also an avoidance reaction to the effluent by river her-
ring in the Chowan in 1981. The effluent made up a high percentage of the
total flow of the river during that period because of the drought.

River herring are caught in pound nets in vast quantities during the peak
of the season, liter'ally hoatloads in a single net. The processing of river
herring in the Chowan used to be the largest freshwater fishery in the world,
employing hundreds. But now employme~t is probably down to a mere fraction of
what it used to be. Herr ing are also an important recreational. fish on the
Roanoke and in all the creeks in this area during April. Work done 'by garine
Fisheries and by the Wildlife Commission in the late 1960s and early 1970s
indicates that during some o f the good years an excess of a million fish were
taken by recreational. fishermen using dip nets.

Whit e Pe rch

Another important species in the Albemarle is white perch. Landings were
the lowest on record in 1980 but recovered somewhat in 1991. They are taken
by gill nets throughout most of the sound  Figure 4! during the fal 1 through
winter and by po~nd nets in the Chowan River along with river herring during
the spring. A long-lived fish, the perch is able to live up to 8 to 10 years.
White perch were. severely affected by red-sore disease during the mid and late
1970s, with some year cl asses essentially wiped out. Virtual ly every fish
taken was af fected, and duri ng some year's we got very few fish. However, the
disease has not been nearly as apparent in the last few years. This species
is very important to recreational fishermen. A Wildlife Resources Commission
survey indicates that more white perch are. taken in Albemarle Sound than any
other species by hook and line--an average of 200,000 fish per year f or 1977-
1979.

Catfish

The other important species group is catfish, principally two species--
channel and white catfish as well as a few bul.lheads. They are fished princi-
pally in the western Albemarle Sound, the Chowan River and the Roanoke River
by catfish pots and trot lines. Fishermen also ca tch catfish in pound nets in
the Chowan during the spring herring run  Figure 5!. Despite seasonal ups and
downs, catfish are caught year-roimd, whereas species like river herring are
strictly seasonal. The fishery grew in importance during the 1970s as other
fisheries declined, and the trend may continue in the future because of the
environmental situation in Albemarle Sound. Catfish can endure, in fact almost
thrive on, poor water quality and, thus, may have an advantage over species
such as striped bass, white perch or herring. During some research that involved
tagging, several hundred white perch and catfish in the Albemarle got very few
returns, and most of those were essentially in the same area they were tagged.
In fact, one white perch was caught about two or three weeks ago in exactly
the same place we tagged it about a year and a half previously.

J53ue Crabs

Blue crabs, caught in the central and eastern sound  Figure 6! have
~creased in importance, particularly in recent years. They are principally
e ma~esther fishery, whereas most of the finfish, except catfish, are taken



«<r<ng «''< Jd weather. landings have ex<a< ded a mi J 1 i<a< po«n<is in some of the
re<'ant veara,<nd wi1! prohnbl v c<>nti rn<e J o in<'ress< in impor tance.

Jn n<v «pinion, th» Albemarle .'Jound fishing ind«stry is d<.pressed.
don t anti< i pat<' any r««very in the near f ut ore, and the reason is wa tet
q><a J ity. i think iong" t< rm roc<!very is going to depend on improve<nents in
water quality. As Harre 1 .J<>hnson said earlier, bet ter water quality should
resul t in more fi sh, nnd more fish should resul t in more iandings. The Di vi-
sion ot Marine VJsh< ri<s 1<as work< d for a number of y<rars with th» Departmentof Natural Resourcrs hand Community Development, vari«us t.<sk f«r< es, i«dus try,agriculture and Virginia of fic Ja Js to dave Jop some mut ua i 1 y agreeable approaches
to improving water qua 1 1 ty 5n the sound.



AC:Rl.CUI TURAL RESOURCES AND TRENDS

B. G. Harwood, Jr.
Assistant Director, N. C. Agricultural Extension Service

The ten counties represented here today have some of the best soils in
North Carolina, and this area has been farmed from the very earliest days of
the colonization of this state ~

Agric.ultura1 Trends in the Albemarle Sound Area

The latest data I have, for the year 1978, indicate that there are 3,310
farms in the ten-county area  Table I!, and these farms average about twice as
large as the average for the entire state  Table 2! . There is a trend toward
fewet and larger farms--a trend which is also statewide. Table 3 shows that
the value of land and buildir!gs per farm now stands at $271,764 average per
farrs  about twice s tate average! � an increase of 1.36 perce~t in four years.
It is small wonder that debt service is beginning to be a big problem.

As is true for the rest o f the state the number of part-owners is
increasing  Table 4!, a trend attributable to both the increasing scale of
operations allowed by mechanization and the rapidly escalating price of farm-
land. There are 119 farm corporations in the area, but all except 18 of these
are family-held corporations, formed for estate and income tax purposes.

The average age of farm operators is lower for these counties than for the
state as a whole, and this average age dropped considerably over the last cen-
sus period  Table 5!, Our experience is that younger farmers are more recep-

adoption of new technology. It is also encouraging that younger men
are determining that farming is an attractive occupation.

There were only 28 farms with irrigation reported in rhis area in 1978,
but our observations tell us that many more irrigation systems have been
installed since then.

Inventories of hogs and pigs increased by 52 percent between 1974 and 1978,
and broiler inventory increased 7G1 percen,t, but inventory of cattle and calves
dropped 30 percent. Of course, corn and soybeans are big crops in the area,
with about 19 million bushels of corn and 5 milliorc bushels of soybeans pro-
duced in these counties in 1978. The market value of all agricultural products
sold increased from $137 million in 1974 to $180 million in 1978  Table 6!,

I'arrners in these counties as well. as in the rest of the state have greatly
increased efficiency over the past couple of decades, as measured by output
per man hour. They have done this by substituting machinery for labor and
chemicals for both labor and land. In the ten-county area, farmers used
almost $20 million worth of corrrmercial fertilizer in 1978, and almost $10
mi.llion of o ther agricultural chemicals including lime  Table 7!-

A ricultural Extension Pro rams

We In the Agricultural Extension Service recognize and share the desire
of the various interests In this area In maintaining an acceptable level of
water quality i.n the rivers and sound. There have been a number of contribu-
tors to the water-quality problem, including population pressure, industrial



wastes and agricultural nonpoint source pollution. Extension programs in
the Biological and Agricultural Engineering and Soil Science Departme nts are
addressing each of these concerns  Table 8!. Dr. 1'rank Humenik, Extension
Biological and Agricultural Engineering, and other members of his staff are
here today and will be happy to discuss with you the activities they are
coordinating. i.et me just. mention some of these.

l. Demonstration on-site wastewater treatment systems have been dr signed
and installed for use in slowly permeable soils or high water table
soils at Camden Middle School, at J. P. Law Elementary School and in
cooperation wi th the Pasquotank, Perquimans, Camden and Chowan
Regional Health Department.

2. There has been involvement with state and federal agencies in examin-
ing potential sites for land treatment of domestic wastes in the
Chowan River Basin.

3. There has been involvement. with local industries in evaluating sites
for land treatment of industrial wastes, specifically at the three
Purdue Poultry sites and at Georgia Pacific.

Turning to production agriculture, l want to mention the work Dr. Jim
Barker has done in managing animal waste with emphasis on land application. A
package of publications describing implementation of recommended practices is
available at each County Fxtension Office.

Beverly Young and Buddy Atkins here have been leading for the past two
and one-haLf years a research and demonstration project in the Chowan River
drainage basin to determine levels of agricultural nonpoint source pollution
and ways of reducing those levels. Funding for this work is partially pro-
vided by the Water Resources Research Institute, Water quality in four agri-
cultural watersheds and one forested watershed has been monitored. County
Extension Offices and SCS and ASCS personnel in Northampton and Hertford
Counties have been involved. Producers have been encouraged to use bes t man-
agement pr'actices to control runoff, erosion and loss of fertilizers. Some
of the practices being implemented include conservation tillage systems, con-
tour farming, diversions, field borders, grassed waterways, terraces and wood-
land site preparation and harvesting. ASCS has provided $38,000 in cost-
sharing funds for these practices. In-service training at these sites included
50 agency personnel; a field tour had 75 agency attendees, and a related meet-
ing attracted 120 farm owners and others. So far, it has been determined that
pollution concentrations are 2 to 20 times higher from agricultural watersheds
than from the forested area. An on-campus committee has been working toward
integrating hest management practices into the ongoing agricultural program,
During 1982 water quality will be measured after the best management practices
have been campIeted. This data wiIL be used by agencies in developing work-
able strategies for managing agricultural nonpoint source inputs to the Chowan
River

The Chowan River research and demonstration project is just one of the
projects being implemented across the state under Section 08 of the 1972
Iederal water i'ollution Control Act. An Agricultural Task Force, under the
guidance and coordination of the North Carolina Soil and Water Conservation
Cosaaission, is composed of representatives of ASCS, N. C. State University,
SCS, NCDA, N. C. Farm Bureau and N. C. State Grange. The N. C. Division of



Environmental management and Division of Fores t Resources al so parti cipato Par icipated.
The Task Force prepared a 208 agricultural plan which identified potential
pollution contributors and of fered solutions for reduc tion and control o f t e

pollutants. An implementation group is putting the 208 agricultural plan
action. The program is vo]untary--no regulatory program exists to control
agricultural nonpoint source pollution. Other projects across the state aye
in Wayne, Un ion, Wake, Hender son and Buncombe Counties, These s tud le s
demonstrations should lead to a reduced impact on surface waters from the
state's 49 million tons of eroded sediment, 22 million pounds of pesticides
50 million tons of plant nutrients and 20 million tons of animal manure partI
of which could potentially reach streams in a single year. By implementing
beat management practices, farmers could benefit fram reduced erasion higher
yeild potentials, reduced operating costs and increased profits.

We have just employed an Area Extension Integrated Pest Management  [pp!
Agent who will serve Currituck, Pasquotank, Perquimans and Chowan Counties.
lor several years, an IPH program has been underway in this area in which
scouts monitor weekly the pest population on the various crops. Cooperating
farmers have information about pest populations so that pcs ticides can be
applied when actually needed for a particular field. The cooperating farmers
pay about three-fourths of the cost of this program. We have found that the
IPH program leads to fewer sprays, thereby reducing risks of impact on water
quality.

Our tobacco specialists have for the past two years been encouraging
growers to test soil and use only the recommended rates of nitrogen on tobacco,
Excess nitrogen is costly, fosters increased sucker growth and contributes to
runoff . There has been a dramatic reduction in nitrogen application and a
significant improvement in leaf quality.

Agriculture is a very vital part of the economy of northeastern North
Carolina, and we are learning a lot about its impact on water quality. The
practices now being demonstrated in this area will go a long way toward reduc-
ing the impact of agricultural pollutants on water quality. We hope all of
you will help us get the recommended practices adopted by farmers in these
counties. The N. C. Agricultural Extension Service is open to your suggestions
for improving our educational program.
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Table 1. Number of Farms

1974 1978

3,688 3,310
91,280 89,367

TOTAL
HC TOTAL

Source: Census of Agriculture, 1978

TabIe 2. Average Size of Farm  Acres!

1974 1978

AVERAGE
NC AVERAGE

206
123

266
127

Source: Census of Agriculture, 1978.

Bertie
Chowan
Currituck
Dare
Gates
Her t ford

Hy d 
Pasquo tank
Pe r q ui man s
Tyr rel 1

Bertie
Chowan
Currituck
Dare
Gates
Hertford
Hyde
Pa sq uo tank
Pe rq uis an s
Tyrrel 1

1,055
377
175

5
431
544
224
304
400
173

167
153
308

20
192
190
409
207
196
220

950
312
147

5
386
437
213
290
397
1.73

194
184
398

191
226
436
232
211
327



Table 3. Value Land and BuildingS22'Farm

1974

 S!

1978

 $!

181, 985
167, 265
394,043
353, 307
184, 746
207, 564
426, 889
278,094
221,611
302 138

AVERAGE
NC AVERAGE

116,305
72,672

271,764
135,072

Source: Cen.sus of Agriculture, 1978.

Table 4

Part Owners ~Farm Cor orariooa
1974 1978 1978

328
143

61

312
133

71

119

1,559
1,285 1, 356

22, 972 27, 748
TOTAL
NC

Source: Census of Agriculture, 1978.

Bertie
Chowan
Currituck

Dare
Gates
Hereford

Hyde
Pasquotank
Perquimans

Tyrrell

Bertie
Chowan

Currituck

Dare
Gates

Hertford

Hyde
Pasquotank
Perquimans
Tyrre ll

165
156
102
129
162

55

80, 626

88,180
196,743

45,800
98,179
98, 301

177,853
153,207
117,440
106,7l7

167
167
104

130
184

72

43
13

15 1 6
10
11

10 5 5



Table 5. Average Age � Farm Operator

19781974

51.6
51.4
50.7

53. 5
50. 4
51.5

52.3
52.9

50. 3
51.1

A VERAGE
NC AVERAGE

Source: Census of Agriculture, 1978.

TabI.e 6. Market Value

AgriCultural PrOductS Sold

1974
�00!

1978

�00!

136,829
$2,121,226

TOTAL
NC TOTAL

180,j84
$3,033,165

Source: Census of Agriculture, 1978.

Bertie
Chowan
Curri'tuck

Da re
Gates

Her t ford

Hyde
Pasquotank
PerquimanS
Tyrrell

Bertie
Cbowan
Currituck
Da re
Ga tea
Her t ford

Hyde
Pasquotank
Per q uimans
Tyrre 11

53.0
54. 5
50. 6
52,5
49. 5
55.4

29,860
12,907
12,516

13,6lo
17, 014
12,769
16,260
15,660

6 206

50. 3
53.1
46. 7
51.0
48. 8
49. 4

$ 47,135
16,306
13,116

18,269
22,891
13,722
16,677
20,530
11 538



Table 7

~xeeneee fn 19"8 for:

Commercial
Fertilizer

Othe r agr i. chemicals

�00!�00!

$2,209
830
713

$19,857 $9, 747TOTAL

Source' .Census of Agriculture, 1978.

Table 8. Extension involvement in Water Quality Programs

Demonstration of on-site wastewater treatment systems

2. Potential sites for land treatment of domestic wastes

3. Potential sites for land treatment of industrial wastes

4. 208 Water Quality

a. Chowan River Basin
b, Wayne-Lenoir Priority Area
c. Union Priority Area
d. Wake County Demons tration Farms
e. Land nf Sky Project

5. integrated Pest Management Program

6. Reduction of excess nitrogen on tobacco
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Bertie
C howan

Currituck

Dare
Ga tes
Her t.f ord

Hyde
Pasquotank
Perquimans
Tyrrell

$4, 041
1, 808
1,605

2, 102
2,220
1,932
2,332
2, 470

~134 7

1,221
1, 472

860

1,0l4
871
557



ROLE OF LOCAL LEADERS

Alfred M. Howard
Chairman, Chowan Regional Task Force

Hy part in today's workshop is to address the role of local leaders in
the task of restoring and preserving the quality of the waters in the Albemarle
Sound Basin in order to have:

l. A productive commercial fishing industry
2. A productive sportsfishing industry
3. An active water recreational industry, and to
4. Ensure that all of the citizens of North Carolina may have equal

use and enjoyment of our great natural resource, the waters of the
Albemarle Sound basin and its tributaries.

To accomplish these desires, based on the information that has been pro-
vided here today, the task of restoring the quality of the water will be a
form I dab le one.

Before discussing with you the role seen for each of you invited to today' s
workshop, permit me to provide you some background information as to how this
workshop came into being.

In 1960 a Department of Water Resources survey report concluded that:

1. Commercial fishing and shellfishing activities are important contribu-
tors to the economy of the basin.

2. Recreation adds greatly to rhe economy of the basin.

3. In order that the be~eficial uses of water or their potential uses may
be adequately protected, both industries and municipalities should
provide adequate treatment facilities for their wastes whenever
required. In addition, others who create local nuisance conditions or
health hazards should take appropriate action.

Another study conducted in 1972 by the Office of Water and Air Resources
concluded that:

1. The lower Chowan River is in the beginning stages of eutrophication and
that all contributors of nutrients must share proportionately in the
blame for this condition and must accept their responsibility for tak-
in g re me dis 1 a c t ion.

2. Acceleration of the eutrophication process must be eliminated or mini-
mized whether the source be agricultural, industrial or municipal.

3. WhiIe the Chowan River is the first in North Carolina to show the
beginning of a state of eutrophication, it probably will not be the

Al' coo tel s" unds and the lower portions of all major rivers
Lying north and east of the Cape Fear are subject to the same factors
affecting the Chowan.
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4. Development and rigid enforcement of a comprehensive water-management
plan is vitaily needed if the coastal waters of North Carolina are to
remain an asset rather than become a liability to the people of the
state.

It is now 1982. You will recall the slides showing the algae bloom on
the Chowan River in 1971 in the vicinity of Holiday Island. Then renal 1 the
later slides showing the bloom extending east of the Highway 32 Bridge across
the sound and further east to the vicinity of Laural Point--a spread distance
of some 30 miles since 1971.

Im or tance o f C,it i zen Involvement

In January 1978, a number of concerned citizens in Chowan County formed a
Mater Resources Committee. for the purpose of working together in order to restore
the declining water quality of the Chowan River. With the decline in water
quality there was a decline in the commercial fishing industry and in sports
fishing and water re creational activi ties. In f act, the economy of the area
was suffering as a result of the loss of activity on the river.

Through the efforts of Water Resources Committee members and other con-
cerned citizens, in September 1979, the Chowan River Restoration project was
adopted. Do not be misled, Por without active participation by the citizens
of the area, the Chowan River Restoration Project would not have been developed,
implemented and carried out. What has been accomplished? Several accomplish-
tnents can be listed, but one of the most important has been the establishment
of the Nutrient Sensitive Waters Classification. Remember the 1972 study con-
clusion: development and rigid enforcement of a comprehensive waterwanagement
plan. No action had been taken by the state agencies to develop such a plan,
and no action would have been taken without citizen pressure. Without local
citizen involvement, there would be no Chowan Restoration Project. Also, with-
out citizen involvement, there would not have been House Bill 747, which pro-
vides for the beginning of the Albemarle Basin Restoration project, which is
really phase Two of the Chowan Restoration project.

Citizens' Role in Albemarle Restoration

That brings us to why you are here today. Once Representative James Bill
747 was enacted last October, planning for this workshop was begun. Dr Stewart,
Acting Director of the Water Resources Research Institute, has chaired theplanning efforts. Today, we have two groups here in our effort to begin the
task of developing the Albemarle Sound Basin Restoration Project. Beforeaddressing each of the groups, let me provide a short summary of t"e provisionsof Representative James' Bill. The Bill was ratified on October 10, 1981 ~1 81. The

rsajor provisions of the Bill are:

l, To create a legislative commission to study the water pollution pr
lems and water resources needs of the Chowan River and Albemarle
Sound basins. The commission shall consist of eight members-

2. ~ lieutenant governor and the speaker o the B< use of Represe«a-
tives shall appoint four members each.
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3 ~ The commis sion is to conduct an extensive study of the water p ol 1 u-
tion problems and water resource needs in the Chowan River a»d Albe-
rnarle basins and shall report its findings to the 1983 GeneraI.
Assembly. The cormnission report may inc I ude proposed legislation,
programs and agreements necessary to effectuate its findings.
The Department of Natural Resources and Community Development. i.s
responsible for conducting the Chowan River Restoration efforts and
for initiating studies leading to an Albemarle Sound Restoration
Projec t.

The Bill also appropriated monies to fund the fiscal 1982 year ' s
efforts.

The members of the Legislative Commission have an enormous task facingTherefore, each of us here today should pledge to provide these eight
men all the help and support we can. The successful completion ot their
assigned task has an important beari~g on our futures.

As a starting point for their work, let us provide a recommendation whosesuccessful completion will aid us all in our efforts to restore the quality
our waters. The recommendation is for the commission members to ask all the
government agencies to compile a list of all studies, papers and reports thathave been conducted concerning the waters of our basin. For instance, 1 havea list of studies conducted on the Chowan River The list was compiled in
December 1980 and provides the titles of some 58 reports. Several repor ts havebeen completed since then. The compilation should contain the title, purposeof the s tudy, a list of conclusions and recommendations, It is recommendedthe listings be given to the staff of the Water Resources Research institutefor storing in a computer program, thereby making readily available all con-clusions and recommendations that have been developed concerning actions neces-sary to restore the quality of our basin's waters. Also, by employing such acompilation of information, it can readily be seen where additional informationis required. Duplication of efforts will be eliminated.

Not only will the information be of great value to the members of theconmission, it will be of great value in developing the requirements for theAlbemarle Sound Basin Restoration Project.
Establishment of Albemarle Basin Task Force

>ow what role is seen for each of you here today as appointed representa-for your respective counties? How did you happen to be appointed?
order to have representatives from each county within the Albemarle

each county board of commissioners was requested to nominate threein i iduals to attend this workshop who could be depended upon to lead theeffort in getting the Albemarle Sound Basin Restoration Project drawn,
funded, implemented and seen to a successful completion. This task

be a simple one, an easy one or a short-term commitment. It has takenlong time tu pollute our waters. It shall take a long-term, dedicatedeffo
to overcome our mistakes.
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After today's workshop, it. is our sincere hope that each of you will
return to your communities and begin the work of establishing county task
forces to work fur the restoration of the quality of our waters.

Who should be members of the task farces? First, select members of your
community who are wil.ling to work. We have learned that "joiners" are not much
help . ln fact, they are a burden. Seek individuals with a concern for restor
ing the quality of our water, individuals concerned with the economic impact
the. water resources have upon the area. Individuals with these concerns and
qualifications should be sought in all segments of the community, such as:

l.
2.

A task force of about 25 � 30 members can work effectively and encourage
o the rs to p sr t i c i p a re,

The task force members should i~elude in their activities such tasks as:

l.
2.

Each county task force will be requested to nominate two of its members to
the Secretary of the Department of Natural Resources and Community Development
for appointment to the Albemarle Sound basin regional task force. The purpose
of the regional task force will be to serve as coordinator for all activities
of the county task forces and to provide them with information from the various
state agencies on what is being accomplished and what assistance they need to
provide in order t.o further the progress of the overall projec.t.

It is anticipated that a single point of contact will be desi.gnated within
the Division of Environmental &nagement for the regional task force. Such an
arrangement has worked well for the Chowan regional task force,

Ladies and gentlemen, to implement and ensure accomplistnnent of a program
of such magnitude as the Albemarle Sound Basin Restoration pro]ect will require
active participation and/or support by all the citizens of our area. Without
active participation, the project is doomed to failure; and if we fail, one mu
then ask the question: At what time in the near future will we s and
Oregon Inlet Bridge, look to the east and see the blue Atlantic and look
west and see our dead green sounds?

71

3 ~
4.
5.
6.
7.

Local political leaders
Leaders in the agriculture business and thc Agricultural Extension
Se rv ice
Commercial fishermen
Water recreational business

Business men and women
Concerned citizens
Representatives of the Soil and Water Conservation Service

Assisting in the effort to catalog all point sources of pollution,
Noni t.oring the sampling o f discharges to ensure progress is being
made to reduce wastewater pollution.
Undertaking an educational program to inform citizens of the problems
and efforts to correct the sources of pollution and seeking < itizen
support and participation in the overall e ffort. public involvement
is a must, for without it this most important effort will fail.



RObE OF TllE STATE

Robert F. Helms
Director, Division of Environmental Management

N. C. De t. t f Natural Resources and Community DevelopmentN. C. Department o

l hope this ast presenh hi 1 t resentation today on the role of the state in its involve
ment with the water resource oreso rces of the Al.bemarle basin will be only the beginning
of a continu ng, ynam c n erad i interaction between all of us. Eocal leaders, loca]
government o c a s, effi i l, th scientific community, state government and the N.
General Assembly are all vital ParticiPants in the imPlementation of an Al be
marie Restoration Proj ect. For while this conference has given me an even
greater apprec a on ri tion for the beauty and value of the water resources of
area, it has at the same ti.me provided me with the sure knowledge that the pro
tection of such a complex, sensitive system can only be accomplished i f we all
work together. Ensuring that this occurs, that we are all knowledgeable of the
problems and potentials of the region and that decisions made at the state level
are in harmony with the desires of the residents of the basin, is probably the
single most important role of the state. You represent a broad range of inter-
ests, all of them important, and all of them should be able to coexist in north-
eastern North Carolina.

ln the next few minutes, I would like to highlight the major reason state
involvement is important in an Albemarle Restoration project, outline the most
important roles and responsibilities of the state and conclude by once more
emphasizing that the state is only one component of the project. This last
po i.n t canno t be over emphas i ze d.

Reasons for State Involvement

I can think of at least three reasons the state should be involved. First,
the protection of this area's water resources is unquestionably of regional
dimension. Numerous counties and hundreds of square miles are involved. Me
have invited the leaders of ll counties to participate with us today, but this
does not include the significant upstrea~ portions of North Carolina and Vir-
ginia that also must be included in any management strategies that are devel-
oped. The entire drainage area of the basin can contribute to problems that
may be manifested only in the slower-moving coastal waters of the watershed.
The solutions to any problems involve several counties; hence, state involve-
ment is appropriate and necessary.

Second, the knowledge and skills that are developed in this basin will be
invaluable in addressing problems throughout coastal North Carolina. Over the
last 30 years the state has done, I feel, a commendable job of controlling
what we term the conventional pollutants, the wastes that originate from cities
and the major industries generally associated with North Carolina � textiles>
furni.ture manufacturing and pulp and paper products. Hut society has become
ever more complicated, and we are now being forced to deal with the effects»
water quality from chemicals whose names we can hardly pronounce. And in o«
coastal waters, we are beginning to realize that the increasing pressure
man's activities can slowly accumulate for many years before problems become
visible.
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The Chowan River is an early indicator of problems also emerging in other
portions of our coastal waters, including Albemarle Sound. It is not that.
pollutant inputs are that much dif ferent in other areas, but that the Chowan
system is just a bit more sensitive. So as we devote a considerable part of
state s resources to this area, we are also developing an expertise to be usedr

in other areas of the state--management skills that have not been perfected to
date. It is much more straightforward to deal with five miles of the Neuse
River below the Raleigh wastewater treatment plant than with the 5,000 square
miles of dif fuse, nonpoint source inputs in the Chowan River watershed.

Finally, there is no quest.ion that this area represents a tremendous
natural and economic asset to the state. It fully deserves the attention and
pro tee tion o f s ta te governmen t.

The state should and will be involved because:

l.
2.

The system is regional in scope.
The techniques we learn will be applicable throughout coastal North
Carolina, and probably s tatewide.
The Albemarle region is a valuable asset to the state.3.

Roles and Res onsibi.lities of the State

Before I discuss the specific roles of the state, I think it might be
interesting to note the three major natural resource themes for the Department
of Natural Resources and Cormaunity Development under this admini.stration because
they are closely intertwined with our efforts here today. The first area deter-
mined for priority attention was water. This includes an adequate water supply,
coastal water management and water quality. This, of course, is pr'ecisely what
we ' ve been talking about today.

Why was water selected as a primary theme for the term of this adminis-
tration? First, good water management is absolutely cri tical for our economic
health. A survey of industrial development professionals in North Carolina
identified adequate water and sewer service as the number one necessity in
locating high~uality industry in North Carolina. Our state suffers from a
low industrial wage level and from excessive unemployment and under~mployment
in many areas. These economic problems cause real human suffering and waste
of human potential. We must make sure that we have the water and wastewater
capacity needed to att,ract. high-wage jcbs for our citizens.

Second, good water management is essential for the quality of life we
~alue in North Carolina. Water quality is always at the top of the list of
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There are two other major natural resources priorities. The second is
roductive resources. We are using this term to cover the best management,

protection and utilization of our fisheries, forests, soils and minerals � the
basis for our economy and prosperity. The third theme is outdoors North Caro-
lina. This theme refers to our aesthetic and recreational enjoyment of the
environment in North Carolina. We are r'ichly blessed with a diverse and beauti-
ful state. Our citizens greatly value our forests, parks, beaches, lakes and
rivers for recreation that is truly satisfying and renewing. So you can see,
while water is the primary concern here today, all thre of these priorities
are related to the proper development of this region.



problems that citizens are concerned about. Zany surveys have shown that our
citizens want good water quality and are willing to support what it takes to
a chic ve t hi s goa l .

Third, state government's responsibility for water management is great,
All citizens have a right to use and benefit from our abundant water resources.
By law, state government has a major responsibility in assuring that wate r
resources are managed for the greatest good. With the significant decl ine in
federal resources devoted to water management, the burden on the state becomes
even more critical.

Finally, we arc now at a critical point in our state' s history. We have
some serious water management challenges in several areas. There are some
warn ing signs of more problems that are beginning to emerge, and we have been
talking today about one of the primary examples of this. But. we have not yet
reached a crisis leve I where problems threaten to overwhelm us and where
drastic and divisive remedies are needed. In North Carolina, we have time to
plan, to act and to shape the kind of future that we want.

And so what should be the role of the state in shaping the future of the
Albemarle basin? I would 'like to summarize four today. The state should be:

I. The coordinator for gathering information
2. The facilitator for obtaining needed research
3. The agent for bringing together local interests, local users, the

researchers, the regulators and decision makers
4. The implementor of the management plans that develop from studies

of the basi n

These f irst three points are fair!y self-explanatory. The state is the
logical agent both to gather and house water-quality information and to facili-
tate the research needed to supplement and complement this Information. The
large amount of data being gathered and the research that has been accomplished
and i.s underway have already been summarized today. We have a close working
relationship with the Water Resources Research Institute, and I feel they have
been extremely responsive to our needs. As the entity to bring together all
the interests in the basin, what better example could be cited than this con-
ference. In the final role as the implementor of the management plans to
protect and enhance the water resources of the basin, several specific activi-
ti.es could be c ited.

There are the obvious regulatory responsibil.i ties o f estahli shing wate.r
quality standards and stream classifications and of enforcing permit jurisdic-
tion over point-source dischargers. The establishment of the nutrient-sensitive
waters classification for the Chowan is an example of the fir t . E le i rs poin t. xamp lesof wastewater-discharge limitations through permits include the elimination of
the C. F. Industries discharge in the early 1970s  there is still a nonpoint
source concern associated with the industry! and the restriction on the amount
of nutrients allowed from North Carolina municipalities in the Chowan basin.

with th
There are also ed»rational res~onsibiliti"s Tt.-r is..eae range rom contacts

w th the residents of the basin to work with a voluntary nonpoint source con-
trol program for agriculture and forestry operations. Three scientists are
Ch w
housed in Edenton to provide citizen contact as well d has stu y t e river. Aowan regional task force composed of local I d in th Chea ers e owan River basin



has been formed and is providing guidance and advice to us. It is also an
educationaI contact for residents in the area, Education and technical assist-

ance constitute the main thrust of. our nonp oint source. control strategy. The
$oil and Water Conservation program in the Department of Natural Resources and
Community Deve.lopment has been asked to take the lead in this effort.

And there is the need for interaction with Virginia and the Environmental
Protection Agency  EPA!, This is being accomplished in CHORE by the Chowan
Bi-State Technical Panel, composed of seven representatives each from North
Car.olina and Virginia and two representatives from EPA.

In the Chowan River Restoration project, we developed an Action Plan by
the summer o f 1979 in response to the massive algal blooms of 1978. This
document highlighted. the immediate steps the state could take to respond to
this situation. We also began developing a long-term management pian ro
address the overall needs of the basin. This document is in draf t form and is

being reviewed in � house.

We are now expanding our efforts into Albemarle Sound. In 1981, the Gen-
eral Assembly appropriated $100,000 to study the water pollution problems and
water resource needs of this system. By January 1983, we will develop an
action plan to highl i.ght immediate actions that should be t.aken to respond to
any identified problems. The action plan will a] so identify any needed
studies or the necessity for a long � term management plan.

.Joint Effort Needed

In summary, I would again like to emphasize the need for a joint ef fort
in solving the problems emerging in this basin.

The roles of local and state government overlap with those of each citizen
of the basin in one crucial area � in deciding how we wish to utilize the val-
uable resources of this area and what we want for the future of this region.
Our job becomes harder when we realize that in a sensitive and complicated area
like this, our standards may not be sensitive or sophisticated enough to mea-
sure subtle pollutants that could be af fecting, for example, the health of the
fishery resource. We must also keep in mind that the everyday, normal activi-
ties of agriculture and forestry operations are an important component of the
health of the regio~, yet may also be a significant part of some of the prob-
lems'~ We then begin to realize we are taI king about coexistence and balance
for all activities, and it is the role of each of you, not state government,
to determine. where this balance should be struck. For the remainder of this
conference and in the immediate future, let's see if we can jointly begin to
determine this balance point.
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DISCUSSION

lames M. Stewart, Moderator

Captain Fred T. Merritt, U. S. Coast Guard Retired: I' ve been in this area
since 1924, except for periods of temporary duty outside the area with the
Coast Guard; and about 50 percent. of that time I' ve been in the Pasquotank
River and the Albemarle Sound, and I mean literally. I swam as a child, and
I partook of the polluted water, and it didn' t. kill me.

Listening to what has been said here today, I find that we could probably
go on studying this problem for years if we don't begin to take action some-
where along the line. The problem that has caused such an uproar and all the
studies now is the algae in the Chowan River. Before that, it was the milfoil
situation in Currituck Sound. Milfoil will kill the aquatic plants that are
beneficial i.o the wildlife, and we have had a decided redur tion in the area in
wildlife, particularly the more desirable species of ducks and geese. Before
that, it was the crabs, once a tremendous industry in Albemarle Sound.

I' ve heard that farming is a detriment to the area's water. 4Je've had
farming since the. Indian days, and we' ve had raw sewage dumped into the river
and the ~ounds. But surprisingly, there were plenty cf fish, ducks and shell-
fish. This past summer, 1981, when we had saltwater infiltration was the first
time I' ve seen a soft-shelled crab inside the city limits of Elizabeth City.

I think what the Albemarle Sound area needs is a periodic flushing with
saltwater. Last summer, i f no other time, proved that saltwater coming into
the area would improve the fishing and everything else. Until the study is
completed and you find some action to take, don' t close inlets. Don't build
dunes; don't build structures level on the sand, Put them on pilings and
pray for a iew hurricanes and dry seasons like last summer.

Manic Fuller, National Wildlife Service: I' ve heard mentioned something about
an interbasin transfer that would be beneficial to both Virginia and North Caro-
lina. How would North Carolina benefit?

John Morris, Office of Water Resources, NRCD: We' ve got a very complicated
situation with our neighbor state. We have one groundwater aquifer that under-
lies both states, and both states are drawing water from it. Because of the
very heavy water use in southeastern Virginia by industry and the cities, the
groundwater pressure levels in North Carolina have been substantially reduced
all the way down to Albemarle Sound. That's one problem.

The other is pollution in the Chowan River; and as we' ve heard today, about
three-fourths of the nutrients in the river come from the Virginia portion of
the basin.

A third main problem is the proposal to use surface water from rivers that
flow into North Carolina to help supply southeastern Virginia's water needs,
which would be an interbasin transfer. The City of Norfolk is now withdrawing
water from the upper Chowan basin and transferring it to Tidewater, and there
are several proposals on the drawing board which would either take water trom
the Roanoke basin or more water from the Chowan basin for the Tidewater area
in Virginia.
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All these things are relate.d. In other words, if Tidewater Virginia can
get a reliable surface water source, that would reduce their demands on g ound-
water. Of course, management of the flow of water in the Chowan River and the
Roanoke has an effect on water quality in Albemarle Sound.

There are literally dozens of elements and actors in this complicated situa-
tion. North Carolina is making a good-faith effort to work with our sister
state to determine if they can understand our problems and our needs. We should
make the same ef fort to understand theirs. We think it's worth an effort by
process of negotiati.on to examine all three of these problems and look at
various alternatives. And after adequate review by the public in both states we
will determine whetlrer we  an conre up with some so! utions t.o meet thes~ needs of
water for Virginia, better management of groundwater and better water quality
in the Chowan and Albemarle area.

What this agreement could be, we' re not really prepared to say; but
obviously, from the North Carolina point of view, we will be looking for bet ter
controls on nutrients and other pollutants flowing from Virginia into North
Carolina. We will also be looking for better management of groundwater in
Virginia. In other words, by spacing wells properly and limiting the amount of
water pu~ped out of the wells, the lowering of the water-pressure level in
North Carolina can be reduced. As far as surface water goes, we would want to
add some agreements and limits on the amount taken out of rivers flowing into
North Carolina so that the impact would be acceptable to interests in North
Carolina.

We' re just at the first step of trying to work with the state of Virginia
in an open way to determine if there is a solution that both states can agree
on. If we can't reach a negotiated solution, the only other option would
probably be a suit in the federal courts, which would have a very uncertain
outcome. So we believe that the best approach is to take some very cautious
but careful and good-faith communication and negotiation with Virginia, and
we' ll just have to see how that works.

Dr . James M. Stewart, UNC Water Resources Research institute; In a complicated
situation like that we need to go in prepared. Regardless of what we say about
studies, i.f we look back to 1970 and at our knowledge and the expertise today,
we' re in a lot better position now to make restoration efforts.

 ruestion: How will we get the data we need to present to the legislature by
January of 1983?

Stewart: It is obvious that in that period of time a great deal of information
must be gleaned and consolidated from what has already been done. Also, addi-
tional monitoring is planned by the Divisi.on of Environmental Management this
summer throughout Albemarle Sound.

C. A. Phillips, Chowan County: The Chowan River has been in a state of eutro-
phication now for some ten or twelve years, and the initial studies have been
expanded just in the last session of the legislature to include other bodies
of water in the Albemarle basin. It seems to me the information we' ve gathered
should be adequate to start some type of enforcement proceedings.
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How are the results of these studies being implemented, and what enforce-
ment actions is the state pursuing? Are we doing all we can in Vorth Carolina
to solve our problems below the line so we can lay our program on the line with
Virginia and say, "This is what we' re doing; we need your help" ?

Stewart: I think we' ve had an evolving process. Some actions have been taken
such as the creating of a nutrient-sensitive river classif ication, which
brought about a tremendous amount of enforcement effort on point-source dis-
charges. There's no way that could have been undertaken without the benefit
of the kinds of information we' ve seen presented here by these researchers and
the state agencies. Bob Helms, would you like to comment on what the state is
doing7

morning that we had spent a million dollars since 1971; and we have reviewed
today a lot of the information and data that have been collected from your
investment. Some of the best minds in the country have looked at the problem
and tried to provide some answers, including an EPA blue-ribbon panel of
scientists f rom a.ll aver the United States. There are no simple answers.

We have gathered a lot of information, and we will parade it before your
representatives, the legislative Study Commission. If they are guided by you,
they can take that information and try to help you make decisions, because I'm
afraid the decisions that must be made are political. I don' t mean party
politics; I mean choices that you living in the basins have to make.

I have h ard several people comment that we' re pain.ting the finger at
agriculture. That's not true. We are identifying what the statistics of this
moment indicate for agriculture and for point-source dischargers. Since 1971,
the Division af Environmental Management, through the Environmental Management
Commission, has made some changes in the control of point-source discharges,
created the nutrient-sensitive waters classif ication, initiated other actions
and is indeed pushing as hard as they know how. I believe your study commis-
sion, when it goes to the General Assembly, will be recommending more things
that are not technical solutions but choices you must make as a community.
What trade-of'fs are you going to make? For example, do we change and regulate
the amount of war.er that's impounded on the Roanoke River to allow a change in
the mix of water to ho]d down the blooms'? Those are management problems, not
technical ques tions.

Stewart: I will say they are management problems, but even if we could control
the flow in the Roanoke, would we know when to do it or how much and what the
effect ~auld bey It's easy to say that's a problem, but it.'s a long way from
implementing a program that people will accept and support.

Frank Haskill, Currituck Count; You' ve got problems in the Albemarle and
Chowan River, but we' ve got problems in Currituck Sound, too. Twenty-five
years ago we realized that we had a problem in the Curri.tuck, and nobody would
do anything about it. In 1962 we had a study done on the Currituck that recom-
mended we have a salinity of 10 percent. Still, nobody does anything about it.
Ever~-body who speaks here tc day .says that as the salinity increases in the
Albemarle, so does the quality of the water and the fishing. We need saltwater
in Currituck Sound.
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Stewart: You' re saying we need increased salinity in the Currituck. B,
Cope land, how complex is that in terms of the amount of water, energy and
structures needed?

Dr. B. d. Copeland, UNC Sea Grant Pro ram: I believe the. flow of those rivers
is the key to the health of the estuaries, including the Currituck, Albemarle
and Chowan. Historicallv, the Currituck did have sal twater in it. Mother
Nature had things working pretty well. Then, we decided to develop a wildli fe
refuge in the lower part of Virginia and transfer some water around, so we now
have increased fresh water cf>ming down the Currituck that we didn' t have before.
Virginia wants to borrow some water so maybe one trade-off is to encourage Vir-
ginia to take some watet out of the top side of Back Bay and leave us some oi
that water in the Chowan.

Second, some folks have suggested that we put an inlet through the Barrier
Islands. Calcu la t ion s indi cate tha t i f you do that, you' re no t go ing t.o have
any more saltwater in Albemar]e and Currituck Sounds than vou have today.
Water does not run qrphi] l. You wii] have to decrease the head of ftesh water
in orde r t.o have salt water creep up the tributaries. Albemarle Sound has a
fresh water flow fif ffhf But 17,000 cfs and a volume of ! millio~ acre-feet, a
ratio of about 3 ] /2, whereas Pamlico Sound has an average flow of 32,000 cfs
and a volume of 2I mill ion acre-feet, a ratio of about I I/2B so there' s a lot
of dif ference in the Paml ico and the Albemarle. You aren' t going to solve t.he
problem by cut ti ng an inlet, You have to change things on the inside. I f we
can get. the Roanoke flowing the way Nother Nature had it, maybe we can get some
things going up there.

Haskill: In the very beginning we had an inlet in Currituck Sound. Now in
three or four hundred years, the f low of water hasn ' t really changed. it came
in there in t.he beginning, and the earth hasn' t changed that much. They put
the locks in operation in Great Bridge and closed it up.

If you' ll knock down these sand dunes on the northeast end, we' ll get salt-
water in Curri tuck Sound. On extremely high tides that we get out of the south-

Bwest, we re going to get rid of some of that fresh water into the ocean; and
if they open the locks in Great Bridge like they were in the early, say, 1900s,
it'g got to flow. Ten percent of seawater, which is what we need in the Curri-
tuck, isn t a whol e lot. Knock down the sand dunes; let the wind wash i t over
like it did 50 years ago and open up a lock. We don't need a whole lot to cover
the sand dunes.

~to eland: Yo are right. The washovers that occurred dawn in the Barrier
Islands were a source of some saltwater that occurred every time you got a
Northeaster. Bfft Boh Helms hi.t the nai.l on the head. Those are choices you' ve
got to make, and if you want to eliminate some of those houses, that's your
choice. And it is a political choice, not one a technologist makes.

David Bateman, Chowan Count : It seems to me that the saltwater that killed
out some of the bad algae, the blue-green algae, last year would have the same
effect on the good algae that the small fish need to feed on

~Co eland: go, quite the contrary. As a matter of fact you would increase the
B t

good a] gae ~ It s a seasonal phenomenon. The balance of f zesh water to saltwater
on a seasonal basis is the important aspect, not how much saltwater you have.

82



william Wood, Chowan Count; If you go hack in history a bit, generations of
cormnercial f ishermen, including my own father, grandfather and great grand-
father, have blamed the decline in fisheries on th closing of the inlets ~

I'm a little disturbed that I don't hear more about an infusion of salt-
water; and maybe people are here who can say why that's not possible or what it
would do, but I believe history is telling us something. We had the best water
quality last year in Albemarle Sound we.'ve had in 25 years or more, and that
was because o f the drought. The overlay of saltwat'er killed the bad algae and
increased the good. We had bait fish in the sound; we had bluefish at the rail-
road bridge, I think it's te 1 ling us something, and that may be a lot simpler
to deal with than dealing with Virginia.

Dr. Hans Paerl, UHC Marine Science Institute. The gentleman is correct that it
ki.lied of f the bad algae. But it didn' t necessarily increase the good algae-
in the river because of the complications due to pulp mill ef f luent, which tends
to have a negative effect on the spring bloom of good algae. We have some evi-
dence, and we' re working further also on the Neuse estuary, to indicate what it
takes to eliminate these blue-green algal blooms in terms of salinity. But I
don' t think we' re prepared to say that this necessarily benefits the good
algae. You' ve got some other complicating problems in there as well.

Dr. A. M. Witherspoon., K. C. State University-. We have studied the salinity
factor this summer extensively, and what has happened is this. Blue � green
algae are not found in the winter in the water column. They form spores and
overwinter in the sediment. When the spring comes with temperatures of 12 C
and better, they germinate out of the sediment and form air pockets that will
move them up to the light. There, they shade out everything else, creating
competition between other algae that may also be in the sediment.

This spring there was an influx of a layer of saltwater that inhibited
the germination of these spores. At one percent saltwater, germination was
inhibited down to .02 mg/ 1 dry weight. At five percent they germinated less
than .0l mg/l. And at 10 percent they failed to germinate. When the blue-
greens failed to germinate, the other algae were able to grow more affluently
because of the lack of competition. We also found in a past study that mil-
foil seeds in Currituck Sound would not germinate above 50 percert. concentra-
tions of saltwater. So saltwater has played a very definite role in the
inhibition of growth in both the blue-green algae and the milfoil in these two
areas, It's not that it promotes the other algae to grow, but it inhibits
competition.

Dr. Samuel Mozley, N. C. State University; The idea of increasing the salinity
of rhe sounds may solve some of the problems, but let's not forget there are
algae in the brackish waters that also bloom. They will cause problems if you
don't use an overall, coordinated approach in dealing with the situarion.
There's still nitrogen and phosphorus coming down the river that will stimu-
late algal growth in fresh or brackish waters. If these detai.led, politically
complex management options are not pursued, there is going to be a prob]em
down the road even if salinity is up . We' re going to have red ti.de and other
proble-s that come with saltwater. Don't think a simple opening of a gap is
going to solve those problems.
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Captain Howard, is our tone of discussion going in such a way that we
are going to assist the Legislative Commission and the Albemarle Restoration
efforts?

Al f red M. Howard, Chowan Re iona 1 Task Force: I wou l d j us t like t o go back to
when the Chowan Res toration Projec.t was implemented. Two decisions were made-
One was to pursue the elimination of pollutants f rom point sources. Tha t can
be controlled through the discharge-permit system. That' s a long-term ef fort
because these discharge permits run for a number of years. The establ.ishment
of a nutrient-sensitive water classification is a procedure whereby we will be
self-cleaning our waters. Because ve make the discharges upstream meet the
classification requirements, then their discharge will contain less pollutanrs;
and as less pollutants come downstream, the other dis char gers will have to come
into compliance. So we will be eliminating it all the way down.

The other decision made was to work voluntarily through our agricultural
agents to initiate best management practices to help reduce nutrients from
these sources. One was a regulatory measure, one voluntary par ticipation.
North Carol ina, our Albemarle Basin Restoration Project should be an outgrowth
of the Chovan work and what we have 1 carne d. If we do this an d we set up our
r'igid management practices, then we can show our sister state to the north that
we do really intend to do something about our prob] em in North Carolina, and
then we can say, "Look, we are doing something; we need your help now."

We have been hollering about Union Camp for the last eight years. When
we institute the Albemarle Basin Restoration Project, the Roanoke comes into
play as one of the tributaries. Now what do ve have on the Roanoke? A pulp-
paper mill . No one' s addres sed that yet. Some preliminary samp 1 ing has been
done, and that pulp-paper mill may be putting mote into our system than our
friends in the north. That's one of the political decisions that's going to
have to be made; and i.f you look at every river on the eastern shores of North
Carolina that is beginning to have eutrophication problems, you will f ind a
pulp-paper mill.

Comment: The possibility of a phosphate detergent ban was mentioned. Haven' t
some of the states passed laws to remove phosphates f rom detergents ~

S tewar t: In the Grea t Lakes are a, phospha te deter gent bans did occur; and as
a result, they were able to show substantial phosphate reductions. Phosphorus
loadings to the Great Lakes f rom municipal treatment plan ts in Michigan have
been decreased by 20 percent ~ I would question, however, how much of the
phosphate input to the Chowan basin or Albemarle Sound could possibly come f rom
detergents. That has to be a small percentage of the total.

Conraent: I simply van t to point out that his tory bears out what the gentleman
from Currituck said about saltvater.

Stewart: It would seem to me that as you, the leaders from these 10 counties,
ge t together and talk about these things you will begin to prioritize and put
scree. emphasis on what you want done. Capt. Howard has outlined a few things
that vourwe already specifically said you wanted. Salinity should also be an
on go ing cons i dere t ion.

I. would hope over the next few smnths that you would have a chance to have
more input to this Legislative Study Caasniss ion, I 'm sure that Repres en tat i ve James



would l.ike to hear what you think should be dane. I think you will all agree
that today we only touched the rip of the iceberg in terms of the kinds of
information that. is now known about the Chowan and the Albemarle. We should
try to become aware of the information that is available so we can then make
recommendations and state what we think should now be emphasized,

Re . Char les Evans: I represent. the First District along with Vernon James.
This is a subject that both of us have been very much interested in. for quite
some time. I want to congratulate the people who put this conference together.
It's been very beneficial in giving us some idea of what needs to be done.

One of the issues that we have been dealing with over the last few months
and years is the stabilization of the Oregon Inlet, which has gradually filled
in. Part of that issue is the dredging of the inlet to increase the volume of
water that passes through it. I'd like to know if anything significant could
be contributed by its stabilization. We have had a great deal of unity and
comment recently by the commercial fishing industry in Dare County about that
subject.

One further point I'd like to make is that I would hope that out of this
meeting today will come a louder voice to us in the General Assembly to do
something about. the problems that we' ve discussed today. There are a lot of
political considerations, and the people of this area need to speak up, not
only to us but to their county commissioners, the Marine Fisheries Commission
members and all the other state boards and agencies. Let them know something
has got to be done before it's too late.

Stewart: Thank you very much, and I'd like to endorse that last comment because
funding for many water-related programs such as the 208 program, EPA's water
research program and others are being reduced substantially. A greater voice
to your legislature is going to be needed if you expect to maintain even the
efforts that were outlined today by Alan Klimek. A great percentage of the
resources of the Division of Environmental Management has bec n concentrated
right here, and we have other rivers that have problems. Does the Corps af
Engineers or Bob Helms want to respond to the question about Oregon Inlet?
Helms' -I have not heard any information at all in the Division of Environmental
Management that seriously looked at the question of introducing sal.twater into
the sound.

Stewart: There have been some studies conducted on intraduc tion of saltwater
into the sounds in the past, but they have not been discussed today. I would
like for someone from the Corps af Engineers to comment on this question.
Edwin G. Long, Jr., Cor s of En ineers; We have studied Oregon Inlet frommany different directions for a number of years, but salinity is not generallyone of our concerns. The indications are that the inlets do not contributegreatly to the salinity gradient in the sound. It dies out very rapidly. Ittakes wind tide, different pulls in the river and other things to change the
salinity gradient significantly.

As far as the flow diminishing through Oregon Inlet, the configuration =fthe inlet may change, but the hydraulic efficiency generally remains about theThe exchange of fresh water and saltwater by ti.dal fluctuation doesn' t



vary tha t much. Th e mode 1 s tu die s we have made in conne c ti on wi th s tab i 1 iza-
and improvement of Oregon Inlet indicate that any change in the configura-
o f inle ts woul d imp rove the f I ow, But I don ' t know tha t i t would have any

significant impact on salinity gradients in the sound.

See~art: Representative James, would you like to make a few comments? We' d
to wind this up and have a few questions left for the next conference,

Vernon G. lamest' first, I want to thank Murray Nixon for providing the
good fish dinner we all enjoyed. I also want to try to enlighten you a bit
on the s tudy commis sion . A legisl a tive s tudy commission is to gather facts t o
pr'e sent legislation to correct whatever is wrong. Now this group i s supposed
to tell us what your plan of action is . You' ve done the study. I.et ' s get on
with the work.

They say 45 percent of the pollution is coming from farm runoff. I asked
questions yesterday in our study commission meeting, "How did it get there?

What would happen if we did not farm? How can you control it?" We had a bill
the legislature that does not allow the Department of Natural Resources to

check water if it's a nonpoint source. I'm willing to change that legislation
if you' ll tell me how it's going to affect farming, Are we going to put all
the farmers out of business and save the river or are we going to save the farms?
Both of them are very important. I think we can have both.

You mentioned farm practices. Nobody has told me what you mean by farm
practices. Good conservation practices? I don't know what they are. Are you
going to stop the trees from shedding leaves in a swamp'? That's a source of
nitrogen, I believe. I understand that most North Carolina soils, if you go
down deep enough, are rich in phosphate, How much nutrients are going in the
river and sound from natural sources? Snow, the "poor man's fertilizer," is
full of nitrogen, How are you going to keep snow or rainwater out of the river
or the sound?

I appreciate the group getting together. I hope that as a member of the
General Assembly, Charles Evans being my partner in this district down here,
that we will be able to introduce and pass whatever legislation will help the
problem. I want us to get on with the work. I appreciate your time.

Stewart: Representative James, you know, if you take away your Agricultural
Research Service and its continued input of technology in agriculture. you' re
hurting. Suppose we just say we' re going to get on with it, with no more
research. You have thrown out at least a half-dozen questions that we don' t

all the answers to.

James: There's one thing I didn't say. This bill allocated $100,000. It
may be tougher and tougher to have allocations of funds from state tax money in
th««ure, and I hope that we can really make the very best uae of it.

Consent: We have information on the total nutrient input from the various
I would like to see this information draws down into the effective

rup« t»at each area is contributing, that portion we have some control over,
a« then come up with a net figure that we can influence and see how we are
st~nding in the various areas as we approach the solution to this problem.
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Stewart: That's a very good point. I think that message has come home
evera 1times. We need to decide on how much of the agricultural nutrient input w

caneffectively control and get on. with that portion. D. G. Harwood out] ined ahalf-dozen best management practices being tested to see what effect have
on controlling nitrogen and phosphorus. It has yet to be completely

II II ~ ~ erraine d
just what effect X dollars invested in these practices will have on uc ing
nut r i en ts.

Comment: I noticed in one presentation that all the slides showed the
date as 1978.

~Co eland: those are the latest census figures, and they are about the bee t
available for the kinds of data shown.

Beverly Young, N. C. St ate University: How will the $100, 000 approp ria ted
the legislature be spent?

Helms.' The Albemarle Legislative Studv Commission, Representative James' corn
mission, will decide how it is spent.

~sation: Will periodic saltwater intrusions into the freshwater system solve
the algal bloom problem?

Paerl: It will if the salinity is brought up to the level that Dr. Witherspoon
talked about and the kirid of levels we observed last year. If those occur, I
think we can safely say they will keep down the blue-green algae problem, But
this is only one of the remedial steps that need to be taken or considered.

I don't want to argue against the historical record, which is very good
and very believable. But in terms of other things that are coming into the
Chowan catchment, both from Virginia and North Carolina, things are radically
different from the way they were 50 or 100 years ago. We' ve got pesticides,
many different organic chemicals, pulp-vill effluent, increased agricultural
practices, industrial use � -all these things have gone along with the periodic
flushings of salinity that occur in these regions as well.

Even though we can shaw that salinity intrusions do keep down these blue
green algal blooms, we should not simply take that as being the quick fix
is needed. It has the potential for being a beneficial step, but these
factors may, in fact, be equally important in. terms of not allowing the go d
algae to reappear in the Chowan and stay there. I would like to stress
there are a lot of other things going an right now that weren't there dred

years ago when the fishing was very good.

Stewart: I'd like to thank the committee that worked with us in planning this
ttee ofconference, the participating agencies and especia] ly the planning comm~ t

Alan Klimek, B. J. Copeland, Connell Purvis and Parker Chesson. They p»y ed an

important role in helping plan today's session. I appreciate very much yo"'
questions, and I know the frustrations you must have at having conflicting
opinions expressed. At this point I d like to ask Captain Al Howard to cclose

with a last word.

Howard: We have hoped i.n setting up the program for today that you wil take
at thewhat you have learned, go back to your respective communities and begin
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~unity level to gain suPPort f or res tora tion e f f orts. Our legislative com-communiittee needs our support, our input. Without that Information, thei r report
next January will not be very effective.
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all go back and get our agricultural
other leaders toge ther. Let's use this as 'the
group of citizens to get the job done, because

lf we don ' t clean it up, and that includes all nut
going to have the sound for those beyond our time.

and industrial people and
day in which we all step out
there is no turning back.

rient sources, then we' re not
Thank you.
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