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PREFACE

In 1971, at the request of the United States Environmental Protection Agency,
the National Academy of Sciences—National Academy of Engineering undertook the
revision of WATER QUALITY CRITERIA, the 1968 Report of the National
Technical Advisory Committee (NTAC) to the Secretary of the Interior. The Acad-
emies appointed a Committee on Water Quality Criteria and six Panels, and the
responsibility for overseeing their activities was assigned to the Environmental
Studies Board, a joint body of the Academies.

The guidelines for the Academies’ Committee were similar to those followed by
the NTAC. The Federal Water Pollution Control Act of 1948, as amended by the
Water Quality ‘Act of 1965, authorized the states and the federal government to
establish water quality standards for interstate and coastal waters. Paragraph 3,
Section 10 of the 1965 Act reads as follows:

Standards of quality established pursuant to this subsection shall be
such as to protect the public health or welfare, enhance the quality of water
and serve the purposes of this Act. In establishing such standards the Secre-
tary, the Hearing Board, or the appropriate state authority shall take into
consideration their use and value for public water supplies, propagation of
fish and wildlife, recreational purposes, and agricultural, industrial, and
_other legitimate uses.

Because of the vast amount of material that falls into the rubric of fish and wildlife,
the Academies established separate Panels for freshwater and marine aquatic life
and wildlife. Thus the Committee’s six Panels were: (1) Recreation and Aesthetics,
(2) Public Water Supplies, (3) Freshwater Aquatic Life and Wildlife, (4) Marine
Aquatic Life and Wildlife, (5) Agricultural Uses of Water, and (6) Industrial Water
Supplies.

The members of the Committee and its Panels were scientists and engineers
expert and experienced in the various disciplines associated with the subject of water
quality. The Panels also drew upon special advisors for specific water quality con-
cerns, and in addition were aided by Environmental Protection Agency experts as
liaison at the Panel meetings. This arrangement with EPA facilitated the Panels’
access to EPA data on water quality. Thirty-nine meetings were held by the Com-
mittee and its Panels resulting in an interim report to the Academies and the Environ-
mental Studies Board on December 1, 1971. This was widely circulated, and com-
ments on it were solicited from many quarters. The commentaries were then considered
for inclusion by the Committee and the appropriate Panels. This volume, submitted
for publication in August 1972, within eighteen months of the inception of the task,
is the final version of the Committee’s report.

The 1972 Report is vastly more than a revision of the NTAC Report. To begin
with, it is nearly four times longer. Many new subjects are discussed in detail, among
them: the recreational impact of boating, levels of use, disease vectors, nuisance
organisms, and aquatic vascular plants; viruses in relation to public water supplies;
effects of total dissolved gases on aquatic life; guidelines for toxicological research on
pesticides and uses of toxicants in fisheries management; disposal of solid wastes in
the ocean; use of waste water for irrigation; and industrial water treatment processes
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and resultant wastes. Many toxic or potentially toxic substances not:considered by
the NTAC. are discussed including polychlorinated biphenyls, phthalate esters, nitrile-
triacetate (NTA), numerous metals, and chlorine. The additional length also reflects
the greater current awarengss:of how various characteristics of water affect its quality
and use; and the expansion of the information base of the NTAC Report through
new data from recent research activities and the greater capabilities of information
processing, storage, and retrieval—especially evident in the three appendixes—have
made their impact-on:the increase in size. In spite of these additions, however, the
1972 Report differs from the NTAC Report in that its six Sections do not provide
summaries. The Committee ‘agreed that an understanding of how:the:recommend-
-ations should be interpreted and used can be gained only by a thorough reading. of
the rationale and the evaluation of criteria preceding the recommendations.

Although each Section was prepared by its appropriate Panel, some discussions
reflect the joint effort of two or more Panels. These combined-discussions attempt to
focus .attention where desirable on such subjects as radioactivity, :temperature,
nutrient enrichment, and growths of nuisance organisms. However, the majority~of
topics were most effectively treated by individual Panel discussions, and the reader
is encouraged to make use of the Tables of Contents and the index in assessing the full
range of the Report’s coverage of the many complex aspects of water quality.

Water quality science and its application have expanded rapidly,:but much
work remains to be done. In the course of this revision, the Committee and its Panels
have identified many areas:-where further knowledge is needed, and these findings,
now in preparation, will be published separately by the National Academy of Sci-
ences—National Academy of Engineering as a report on research needs.

Social perspectives and policies for managing, enhancing, and preserving water
resources are undergoing.rapid-and pervasive: change. Because.of :the stipulations of
the 1965 "Water Quality Act, interstate water resources are currently categorized by
use designation, and standards to protect those uses are developed from criteria. It is
in this context that the Report of the NAS-NAE Committee, like that of the NTAC,
was prepared. Concepts of managing water resaurces.are.subject. to social, economic,
-and ‘political-decisions and ‘will continue to evolve; but the Committee believes‘that
the -criteria and. recommendations in this Report will be of value in the context of
future as well as current approaches-that might be taken to preserve and enhance
the quality of the nation’s water resources.

GerarD A. RoHLIGH
‘Chdirman,”Committee on Water Quality Citeria
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GENERAL INTRODUCTION

HISTORICAL BACKGROUND

The past decade has been a period of unprecedented
activity directed to man’s concern for the quality of the
environment, but a look at history shows that this concern,
although currently intensified, is not new. The lessons of
history and the findings of archaeologists provide concrete
evidence that at least three thousand years before the birth
of Christ man was cognizant of the need to dispose of his
wastes and other refuse if he was to keep his environment
livable.! For thousands of years the guidelines to quality
of the water resource apparently were based on the senses
of smell, sight, and taste. Whether or not these organoleptic
observations on the suitability of water for use would
match today’s criteria is questionable in light of Reynolds’
reference to ““the old woman in the Fens” who “spoke for
many besides herself when she asked of the new and pure
supply: Call ye that water? For she said, it kas neither taste
nor smell”?; or in light of the more recent decision of a state
supreme court in 1904, which took the position that it is
“not necessary to weigh with tenderness and care the
testimony of experts . . . an ordinary mortal knows whether
water is fit to drink and use.”?

Although the concern for water quality is not new,
progress has been made in moving from sensory associations
as a means of control to the application of knowledge and
criteria gained from scientific advances in detection and
measurement, and in a greater understanding of the char-
acteristics of water. Essentially it has been the develop-
ments of the past century that have provided criteria for
and knowledge of water quality characteristics upon which
-we base determinations of its suitability for particular uses.

Until recently, relatively few scientists and engineers had
been engaged in this field. The past decade, however, has
seen a tremendous increase in the number of workers de-
voted to the subject of water quality assessment. Con-
currently, an increasing awareness of the public has become
apparent. As Leopold states, “The outstanding discovery
of the twentieth century is not television, or radio, but
rather the complexity of the land organism; and he points
out that “by land is meant all of the things on, ‘over, or in
the earth.”* The growing public awareness of environ-

mental quality has helped to accelerate activity directed to
the solution of problems relating to water quality.

Forty centuries before the germ theory of disease had the
support of scientifically conducted experiments, some con-
trol measures to provide safe water supplies were in use.
Boiling, filtration through charcoal, and the practice of
siphoning off water clarified by sedimentation were among
the early methods used to improve water quality.® The
regard of the Romans for high quality water is well known,
and their civil works in obtaining water by the construction
of aqueducts and the carrying away of waste waters in the
cloacae or sewers, and in particular the Cloaca Maxima,
are matters of common knowledge. The decline of sani-
tation through the Middle Ages and into the early part ot
the past century brought on the ravages of pestilence and
the scourges of cholera, typhoid fever.and dysentery, which
led to the resurgence of public concern over water quality.
There were many experiments and suggestions regarding
filtration for purification as early as the 17th century. They
culminated in design of the first filters for municipal supplies
by Gibbs in Scotland in 1804 and in England in 1829 by
Simpson who is probably most renowned for his work in
constructing filters for the Chelsea Water Company to
supply water for London from the Thames River.

The relationship of water quality to disease was firmly
established by the report on the Broad Street Well in
London by Sir John Snow in 1849, and in Edwin Chad-
wick’s report of 1842 “On an inquiry into the Sanitary
Condition of the Labouring Population of Gt. Britain.”®
The greatest part of Chadwick’s report developed four
major axioms that are still of relevance today. The first
axiom established the cause and effect relationship between
““insanitation, defective drainage, inadequate water supply,
and overcrowded housing’’ on -the one hand, and “disease,
high mortality rates, and lew expectation of life” on the
other. The second axiom discussed the economic cost of
ill health. The third dealt with the ‘‘social cost of squalor,”
and the fourth was concerned with the “inherent inefficiency
of existing legal and administrative machinery.” Chadwick
argued that the “only hope of sanitary improvement lay
in radical administrative departures” which would call for
new institutional arrangements.
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It is evident from these few glimpses into the early years
of development of control that the basic approach, and
justifiably so, was to provide water suitable for human use.
A century ago the principal aim was to provide, by bac-
teriological examination, a scientific basis on which to
establish water quality practices for protection of the public
health. Increasingly, however, we have come to recognize
that a multitude of materials that may occur in water have
adverse effects on beneficial uses other than that for public
water supplies.

WATER QUALITY CONTROL IN THE UNITED STATES

McKee and Wolf have provided an excellent historical
background to the development of water quality standards
and criteria and have summarized the water quality criteria
promulgated by federal, state, and interstate agencies up
to 1963.7 Since then, many federal and state acts have been
passed and modifications made in state administrative codes
designed to establish criteria and standards. Of particular
significance in this respect was the impact of the Federal
Water Pollution Control Act of 1948% as amended by the
Water Quality Act of 1965.° The latter required that the
states adopt: ‘

® water quality criteria applicable to interstate waters;
and

® a plan for the implementation and enforcement of
the water quality criteria adopted.

The Act further noted that the criteria and plans would,
upon approval by the federal government, become the
applicable water quality standards. At that time the Fed-
eral Water Pollution Control Administration was in the
Department of Health, Education, and Welfare.. In May
of 1966, the FWPCA was transferred to the Department of
the Interior, and in April, 1970 it was renamed The
Federal Water Quality Administration. In December, 1970,
interstate water quality and pollution control activities
became the concern of the Environmental Protection
Agency.

On April 1, 1968, the FWPCA published the report of
the National Technical Advisory Committee to the Secre-
tary of the Interior entitled Water Quality Criteria.® This
report, often referred to as the “Green Book,” contains
recommendations on water quality criteria for various uses.
The present volume is a revision of that work with the
objective of compiling and interpreting the most recent
scientific data in order to establish what is known about
the materials present in water as related to specific uses.

MAJOR WATER USES AS AN ORGANIZING APPROACH

Although it is recognized that consideration must be
given to the multiple use requirements placed on our water
resources, this revision has followed the approach of the
1968 report in making recommendations in certain use

categories. Such an approach provides a convenient way
of handling an otherwise unwieldy body of data. Neither
the approach itself nor the sequence in which the uses are
arranged in the Report imply any comment on the relative
importance of each use. Each water use plays its vital role
in the water systems concept discussed above, and political,
economic, and social considerations that vary with' his-
torical periods and geographic locations have brought par-
ticular water uses to positions of preeminent importance.
In contemporary terms, it is not difficult to argue the
primary importance of each water use considered in this
Report: the recreational and aesthetic use of the Nation’s
water resources involves 3.7 billion man-days a year;! our
public water supply systems prepare 15 billion gallons per
day for the urban population alone ;'* commercial fishermen
harvested 166,430,000 pounds of fish from the nation’s
public inland freshwater bodies in 1969;® our marine
waters yield five billion pounds of fish annually for human
use ;!4 agriculture consumes 123 billion gallons of water per
day in meeting its domestic, livestock, and irrigation needs ;%
and our industries must have 84,000 billion gallons of water
per year to maintain their operations.1®

Clearly, the designation of one water use as more vital
than another is as impossible as it is unnecessary. Further-
more, we must not even restrict our thinking to present
concepts and designated uses. Those concerned with water
quality must envisage future uses and values that may be
assigned to our water resources and recognize that man’s
activities in altering the landscape and utilizing water may
one day have to be more vigorously controlled.

THE MEANING OF WATER QUALITY CRITERIA

In current practice, where multiple uses are required, as
they will be in most situations, our guidelines to action will
be the more stringent criteria. Criteria represent attempts
to quantify water quality in terms of its physical, chemical,
biological, and aesthetic characteristics. Those who are
confronted with the problem of establishing or evaluating
criteria must do so within the limits of the objective and
subjective measurements available to them. Obviously, the
quality of water as expressed by these measurements is the
product of many changes. From the moment of its conden-
sation in the atmosphere, water accumulates substances, in
solution and suspension, from the air, from contacts as it
moves over and into the land resource, from biological
processes, and from human activities. Man affects the
watershed as he alters the landscape by urbanization, by
agricultural development, and by discharging municipal
and industrial residues into the water resource. Thus cli-
matic conditions, topography, geological formations, and
human use and abuse of this vital resource significantly
affect the characteristics of water, so that its quality varies
widely with location and the influencing factors.

To look ahead again, it should be stressed that if coming
generations expect to use future criteria established by
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aquatic scientists, baseline areas must be preserved in which
the scientists can work. Limnologists, oceanographers, and
freshwater and marine biologists obtain baseline data from
studies of undisturbed aquatic ecosystems. Because all the
basic information has not yet been extracted from im-
portant study sites, it is essential that the natural condition
of these sites prevail.

The fundamental point of departure in evaluating cri-
teria for water quality in this Report is that the assignment
of a level of quality is relative to the use man makes of that
water. To evaluate the quality of water required for various
uses, it is essential to know the limits of quality that have a
detrimental effect on a designated use. As a corollary, in
deciding whether or not water will be of suitable quality,
one must determine whether or not the introduction into,
or presence of any material in the resource, interferes with,
alters, or destroys its intended use. Such decisions are sub-
ject to political, social, and economic considerations.

CRITERIA AND STANDARDS

The distinction between criteria and standards is important,
and the words are not interchangeable nor are they syno-
nyms for such commonly used terms as objectives or goals.
As a clarification of the distinction that must be recognized
and the procedural steps to be followed in developing
standards from criteria, a conceptual framework based on
the report “Waste Management and Control” by the Com-
mittee on Pollution NAS-NRC!7 is presented in Figure 1.
In this context, the definition of criteria as used in this
Report is “the scientific data evaluated to derive recommen-
dations for characteristics of water for specific uses.”

As a first step in the development of standards. it is es-
sential to establish scientifically based recommendations for
each assignable water use. Establishment of recommen-
dations implies access to practical methods for detecting
and measuring the specified physical, chemical, biological,
and aesthetic characteristics. In some cases, however, less
than satisfactory methods are available, and in other cases,
less than adequate methods or procedures are used. Moni-
toring the essential characteristics can be an operation
concurrent with the identification step. If adequate criteria
for recommendations are available, and the identification
and monitoring procedures are sound, the fundamentals
are available for the establishment of effective standards.
It is again at this step that political, social, and economic
factors enter into the decision-making process to establish
standards.

Although the Committee and its Panels recognize that
water quality, water quantity, water use, and waste water
disposal form a complex system that is further complicated
by the interchanges that occur among the land, air, and
water resources, this Report cannot be so broad in scope:
its explicit purpose is to recommend water quality char-
acteristics for designated uses in light of the scientific
information available at this time. We are aware that in

some areas the scientific information is lacking, inadequate,
or possibly conflicting thus precluding the recommendation
of specific numerical values. The need to refine :the recom-
mendations and to establish new ones will become increas-
ingly important as additional field information and research
results become available. Realistic standards are dependent
on criteria, designated uses, and implementation, as well as
identification and monitoring procedures; changes in these
factors may provide a basis for altering the standards.

Recommendations are usually presented, either as nu-
merical values or in narrative form as summaries. In some
instances in place of recommendations, conclusions based
on the preceding discussion are given. It is important that
each discussion be studied because it attempts to make
clear the basis and logic used in arriving at the particular
recommendation. The Committee wishes to emphasize the
caveat so clearly stated in the introduction to the “Green
Book.” The Committee “does not want to be dogmatic”
in making its recommendations. “They are meant as guide-
lines only, to be used in conjunction with a thorough knowl-
edge of local conditions.”!3
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INTRODUCTION

This section considers water quality in the context of
recreation and aesthetics, on the basis of available scientific
data temperéd by experience and judgment. In view of
today’s burgeoning population in the United States, the
importance of water quality criteria to preserve and enhance
the recreational and aesthetic values of water resources is
manifest. The problems involved are both great and urgent.
Our urban centers bear the brunt of the growth of a popu-
lation that needs and demands water-oriented recreational
resources. But those resources, already overloaded, are de-
graded or rendered unfit for recreation by the effects of
man’s activities. The quality of water can be assessed and
to some extent controlled, but the principal cause of water
pollution is what man does on the land. Water must be
protected from harmful land-water relationships, and man
must be protected from the consequences of degraded water

quality.

THE ROLE OF WATER-ORIENTED RECREATION AND
AESTHETICS

Recreation is an enigma: nearly everyone participates in
some type of recreation, but few are likely to agree on an
acceptable definition of it. Most persons who are not pro-
fessionally involved with recreation tend to define it nar-
rowly in terms of their own experiences. Many feel that
the term implies some form of strenuous physical activity;
to them, aesthetic appreciation and -other leisure activities
that primarily involve the mind are not ‘“‘recreation.”
There is also a tendency for some to include only those
physical activities that are commonly identified as “‘recre-
ation” by public or quasi-public recreation agencies.

Charles E. Doell, an internationally known authority on
park and recreation planning and administration, defines
recreation as “the refreshment of the mind or body or both
through some mieans which is in itself pleasureful.” He
states “almost any activity or mental process may be recre-
ation depending largely upon the attitude assumed in the
approach to the process itself” (Doell 1963)4.* This concept

* Citations are listed at the end -of the Section. They can be located
alphabetically within subtopics or by their superior numbers which
run consecutively across subtopics for the entire Section.

is supported by many others (Brightbill 19612, Butler 19593,
Lehman 1965%). If the attitude of the individual concerned
is the key to whether or not an activity may be classed as
“recreation,” it follows that one man’s work may be an-
other man’s recreation; and an unwelcome social duty to
one person may be a valuable recreational experience to
another. Certain activities may be either recreational or
part of the daily routine depending on the attitude of the
participant. Recreation is, therefore, an elusive concept
that can bear some relationship to any of the major con-
cerns of living—work and education, social duty, or bodily
needs. Whether or not an individual’s activity falls within
the psychological realm of recreation depends upon his
attitudes, goals, and life style at a point in time.

For the purposes of this report a broad view of recreation
is adopted, and aesthetic appreciation-is considered part of
recreation. Thus the term “recreation” includes all types
of intensive and extensive pleasurable activities ranging
from sedentary, purely aesthetic experiences to strenuous
activities that may involve a relatively small aesthetic
component.

SCOPE AND NATIONAL SIGNIFICANCE

The scope and significance of water-related recreational
activities is not well documented quantitatively, but -an
impression of its importance in the lives of Americans can
be obtained from such evidence as license registration and
sales data, user surveys, economic impact studies, and new
legislation programs and regulations.

License Registration and Sales Data In 1960, 19
million persons bought 23 million state fishing licenses,
tags, permits, and stamps. Ten years later more than 31
million licenses, tags, permits, and stamps ‘were held by
over 24.5 million purchasers, an increase of about 28 per
cent over 1960 (U.S. Department of ‘the Interior 1961,
19714, In 1970 sportsmen spent an ‘estimated $287.7 mil-
lion on fishing tackle and equipment on which they paid
$14 million in federal excise taxes (Dingle-Johnson Act).
They also added $90.9 million to state treasuries (Slater
1972),” and in many cases these funds were matched with
federal funds for use in fisheries improvement programs.

!




The number-of:recreational boats in use increased even
more:substantially. It was estimated that there were almost
9 miillion boats of various types in .use-during 1970, an
increase of 9 per cent over 1966. More than $3 billion were
spent at the retail level on-boating equipment, services,
insurance, fuel, mooring fees and memberships, a 22 per cent
increase-over 1966 (The Boating Industry 1971)..In 1970, an
estimated million pairs of water skis were sold,.a 5 per cent
increase in domestic and export sales ‘for that year (7he
Boating Industry 1971)".

Economic Impact Studies In fiscal 1969-70, the
Corps of Engineers spent $27.6 million to develop or expand
facilities for swimming, fishing, boating, and other water-
oriented activities (Stout personal communication 1971)'%. The
state parks of the nation, the majority of which are water-
.oriented, spent $125.8 million in 1970 on:capital improve-
ments and $177 millionon operations and maintenance
(Stout personal communication 1971)8,

Although public-expenditures for water-oriented recre-
ational developments are large, expenditures in the private
and commercial ‘sectors are of even greater magnitude. In
regions of the country where water bodies are reasonably
numerous, most seasonal homes-are'built on or adjacent to
water. In 1970, it was estimated that 150,000 seasonal
homes were built atza:cost of $1.2 billion (Ragatz:1971)°.
Some waterfront locations have been extensively developed
for a variety-of public, private, and commercial recreational
purposes. The lakes and lake:frontage properties of the
Tennessee Valley Authority alone were-estimated to contain
water-based recreational equipment and facilities worth $77
million and land-based facilities and improvemeénts valued
at $178 million in 1968 (Churchill personal communication
1972)18, ,

Expenditures for other goods and services associated with
water-oriented recreation are also-a’major factor in the
economy. Boaters, fishermen, ‘campers, picnickers, and
others spend considerable sums on transportation, accommo-
dations, and supplies. For example, preliminary data show
that'some 2.9.millien waterfowl hunters spent-an estimated
$245 million .during 25 million recreation days in 1970
(Slater personal communication 1971)'7."The Tennessee Valley
Authority-estimated in 1967 that sports fishermen using its
reservoirs spent some $42 million in order to harvest 7,000

-to 10,000 tons of fish.(Stroud and Martin 1968)8.

User Surveys Since World War II, .per capita par-
ticipation in most types of recreational activities has in-
creased even more rapidly than the preceding data indicate.
Attendance at National Park Service areas rose from 133
- million visits in 1966 to 172 illion in 1970, an increase of
29:per cent. In the same period, visits to Corps of Engineers
reservoirs increased 42 per cent to a total of 276 million.
Comparable figures for the national forests-were 151 million
in 1966, rising 14 per cent to 173 million‘in 1970 (Bureau
* of Outdoor- Recreation personal -communication ¥971)'. Most
“ of the recreation ‘opportunities at Corps of Erigineers arcas
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and a good proportion of those available on Park Service
lands and in -national forests are water-based or water-
related. Similar growth rates and a predominance of water-
related recreational experiences characterize the use of
recreational lands managed by the Bureau of Sport Fisheries
and Wildlife, the Bureau of Land Management, the Bureau
of Reclamation, and the Department of Defense. -

The preeminent role of water resources in recreation was
emphasized ' by ‘the President’s Outdoor Recreation Re-
sources -Review Commission in 1960. Extensive surveys
showed that most people seeking outdoor recreation (90
per .cent” of all Americans) sought it in association with

~water, as indicated by the preliminary figures in Table I-1,
a study made as part of: the 1970 U:S. Census (Slater
1972)'7. Although it:is-impossible to. estimate what pro-
portion of the use reported by the survey was actually
associated with water for those activities that are not water-
based but .are often water-related, the data nevertheless
emphasize the magnitude of current participation in water-
oriented recreation.

If no more than half the time spent on the frequently
water-related activities was in fact associated with water,
the total man days for water-based and water-related ac-
tivities in 1970 would be-at least 3.7 billion man days.

Participation in water-based- and water-oriented recre-
ation is likely to increase:in the forseeable future. The
Bureau of Outdoor Recreation (1967)2 predicts that by the
year 2000 summertime participation in swimming will in-
crease over. the year 1965 by 207 per cent, in fishing 78 per
.cent; in"boating 215 per cent, in waterskiing 363 per cent,
and in such water-related activities as camping, picnicking,
and sightseeing 238, 127,-and 156 per-cent respectively.

Legislation, -Regulations, .and Programs The
importance ‘of water-based ‘and water-related recreation to
society is reflected in the increase in legislation and the
-number. 6f regulationsvand programs intended to increase

TABLE I-1—Participation in Water-Oriented Recreation
Activities in 1970

Activity Percent of U.S. population Billions of man days
* parficipating®
Water-hased

SWIMMING. ivvvinininniiniiirninns 46 1.72
Fishing...........covvvviniiiiennnns ] .56
BOAtNE. .cevuenenieinniniiiinnnins 24 42
T Toldl man days.........oeuereiieiieiirieaieaens e Cveerrereeerens 2.10

Frequently water telated
Piemeking....c...ooovvviiiiianiainn, 4 .54
Birdwatehing........ccccoenvnenannns 4 4
Camping.......coveenecrncerneenannnns b 40
C Nature walks:.........ocereenenennan. 18 .37
HURting......ooovviviniiiniiiininnns 12 .2
Wildtife photography................... 3 .04
2.00

Total man days......... Penees S N

2 For many activities, double counting will occur. (Slater 1972)7
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or protect opportunities for these activities. One example
is the Wild and Scenic Rivers Act U.S. Congress 1968)°
that authorized a national program to preserve free-flowing
rivers of exceptional natural or recreational value. The
Federal Power Commission has required the submission of
recreation and fish and wildlife development plans as inte-
gral parts of hydroelectric license applications. The Federal
Water Project Recreation Act (U.S. Congress 1965)* en-
cotrages state and local participation in planning, financing,
and administering recreational features of federal water
development projects. The Estuary Protection Act (U.S.
Congress 1968)! authorizes cooperative federal-state-local
cost sharing and management programs for estuaries, and
requires that federal agencies consult with the Secretary
of the Interior on all land and water development projects
with impacts on estuaries before submitting proposals to
Congress for authorization.

The Soil Conservation Service of the U.S. Department of
Agriculture assists in the development of ponds that often
are used for recreational purposes and watering livestock.
Federal assistance for waterfront restoration and the preser-
vation of environmental values is available under the urban
renewal, open space, and urban beautification programs of
the Department of Housing and Urban Development, the
Land and Water Conservation Fund program of the Bureau
of Qutdoor Recreation, and the historic preservation pro-
gram of the National Park Service.

MAINTAINING AND RESTORING WATER QUALITY
FOR RECREATION AND AESTHETICS

Although there have been instances of rapid water
quality deterioration with drastic effects on recreation,
typically the effect is a slow, insidious process: Changes

have come about incrementally as forests are cut, land
cultivated, urban areas expanded, and industries developed.
But the cumulative effect and the losses in recreation oppor-
tunities caused by degraded water quality in this country
in the past 100 years have been great. In many urban areas,
opportunities for virtually every type of water-based ac-
tivity have been either severely curtailed or eliminated.
The resource-based recreation frontier is being forced
further into the hinterland. Aesthetic values of aquatic
vistas are eliminated or depreciated by enchroachment of
residential, commercial, industrial, military, or transpor-
tation facilities. Drainage of swamps to control insect
vectors of disease and channelization to control floods have
a profound effect on water run-off characteristics. A loss in
water quality and downstream aquatic environments and
recreational opportunities is often the price paid for such
improvements.

The application of adequate local, state, and national
water quality criteria is only a partial solution to our water
quality problems. A comprehensive national land use policy
program with effective methods of decision-making, imple-
mentation, and enforcement is also needed.

APPLYING RECOMMENDATIONS

Throughout this report the recommendations given are
to be applied in the context of local conditions. This caveat
cannot be over emphasized, because variabilities are en-
countered in different parts of the country. Specific local
recommendations can be developed now in many instances
and more will be developed as experience grows. Numerical
criteria pertaining to other beneficial water uses together
with the recommendations for recreational and aesthetic
uses provide guidance for water quality management.

3




WATER QUALITY FOR PRESERVING AESTHETIC VALUES

Aesthetics is classically defined as the branch of philos-
ophy that provides a theory of the beautiful. In this Section
attention will be focused on the aesthetics of water in
natural and man-made environments and the extent to
which the beauty of that water can be preserved or en-
hanced by the establishment of water quality recommen-
dations.

Although perceptions of many forms of beauty are pro-
foundly subjective and experienced differently by each indi-
vidual, there is an apparent sameness in the human re-
sponse to the beauties of water. Aesthetically pleasing waters
add to the quality of human experience. Water may be
pleasant to look upon, to walk or rest beside, or simply to
contemplate. It may enhance the visual scene wherever it
appears, in cities or in the wilderness. It may enhance values
of adjoining properties, public or private. It may provide a
focal point of pride in the community. The perception of
beauty and ugliness cannot be strictly defined. Either
natural or man-made visual effects may add or detract,
depending on many variables such as distance from . the
observer or the composition and texture of the surroundings.
As one writer has said when comparing recreational values
with aesthetics, “Of probably greater value is the relaxation
and mental well-being achieved by viewing and absorbing
the scenic grandeur of the great and restless Missouri.
Many people crowd the ‘high-line’ drives along the bluffs
to view this mighty river and achieve a certain restfulness
from the proximity of nature” (Porges et al. 1952)%.

Similarly, aesthetic experience can be enhanced or de-
stroyed by space relationships. Power boats on a two-acre
lake are likely to be more hazardous than fun, and the
water will be so choppy and turbid that people will hardly
enjoy swimming near the shore. On the other hand, a
sailboat on Lake Michigan can be viewed with pleasure.
If a designated scenic area is surrounded by a wire fence,

the naturalness is obviously tainted. If animals can only be -

viewed in restricted pens, the enjoyment is likely to be less
than if they could be seen moving at will in their natural
habitat.

MANAGEMENT FOR AESTHETICS

The management of water for aesthetic purposes must be
planned and executed in the context of the uses of the land,

11

the shoreline, and the water surfaces. People must be the
ultimate consideration. Aesthetic values relate to accessi-
bility, perspective, space, human expectations, and the
opportunity to derive a pleasurable reaction from the senses.

Congress has affirmed and reaffirmed its determination
to enhance water quality in a series of actions strengthening
the federal role in water pollution control and federal sup-
port for water pollution control programs of state and local
governments and industry. In a number of states, political
leaders and voters have supported programs to protect or
even restore water quality with aesthetics as one of the
values.

The recognition, identification, and protection of the
aesthetic qualities of water should be an objective of all
water quality management programs. The retention of
suitable, aesthetic quality is more likely to be achieved
through strict control of discharges at the source than by
excessive dependence on_assimilation by receiving waters.
Paradoxically, the values that aesthetically pleasing water
provide are most urgently needed where pollution problems
are most serious as in the urban areas and particularly in
the central portions of cities where population and industry
are likely to be heavily concentrated.

Unfortunately, one of the greatest unknowns is the value
of aesthetics to people. No workable formula incorporating
a valid benefit—to—cost ratio has yet been devised to reflect
tangible and intangible benefits accruing to conflicting
uses or misuses and the cost of providing or avoiding them.
This dilemma could be circumvented by boldly stating that
aesthetic values are worth the cost of achieving them. The
present public reaction to water quality might well support
this position, but efforts in this area have not yet proceeded
far enough to produce values worthy of wide acceptance.
(See Appendix I.)

BASIS OF RECOMMENDATIONS FOR AESTHETIC
PURPOSES

All surface waters should be aesthetically pleasing. But
natural conditions vary widely, and because of this a series
of descriptive rather than numerical recommendations is
made. The descriptions are intended to provide, in general
terms, for the protection of surface waters from substances
or conditions arising from other than natural sources that
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might degrade or tend to. degrade the aesthetic quality of
the water. Substances or-conditions arising from natural
sources may affect water quality independently of haman
activities. Human activities that augment degradation from
natural sources, such as accelerated erosion from surface
disturbances, are not considered. natural. - The recommen-
dations are also intended to cover degradation from “dis-
charges or waste,” a phrase embracing undesirable inputs
from all sources attributable to human activities whether
surface flows, point discharges, or subsurface drainages.
The recommendations  that follow are essentially- finite
criteria. The absence of visible debris, oil, scum, and: other

matter resulting from human-activity. is a strict requirement:
for aesthetic acceptability. Similarly, recommended values-

for objectionable color, odor, taste, and turbidity, although
less precise, must be measured ‘as no significant increase
over background. Characteristics such-as excessive nutrients
and temperature elevations that encourage- objectionable
abundance of organisms, e.g., a bloom of blue-green algae
resulting from discharge of a waste with a high nutrient

content and an elevated temperature, must be considered.:

These recommendations become finite when applied as
intended in the context of natural background conditions.
Specific numbers would add little to the usefulness of the
descriptive recommendations because ‘of the varying aeute-

ness of sensory perception and because of the variability of -
substances and -conditions so largely dependent on local
conditions.

The phrase “virtually free” of an objectionable:constituent
as used in the recommendations implies the concept of
freedom frem the undesirable effécts of the constituent but:
not necessarily freedom from the constituent itself. This
recognizes. the practical impossibility of ‘complete absence
and the inevitability of the presence of potential pollutants
to some degree.

Recommendations

Surface waters will beaesthetically pleasing if
they are virtually free of substances attributable
to discharges.or waste as follows:

® materials-that will settle to form objectionable-
deposits;

o floating debris, oil, scum, and other matter;

e:substances producing objectionable color, odor,
taste, or turbidity;

® substances and conditions: or combinations
thereof” in- concentrations which: produce’ un-
desirable aquatic life.




FACTORS INFLUENCING THE RECREATIONAL AND AESTHETIC VALUE OF WATER

The many factors that influence the recreational and
aesthetic value of water may be broadly grouped in two
imprecise and overlapping but useful categories: physical
and biological. Physical factors include geography, manage-
ment and land use practices, and carrying capacity. Bio-
‘logical factors involve the effects of nuisance organisms and
eutrophication, the role of aquatic plants, species diversity,
and the introduction of exotic species. In making water
quality recommendations that will maintain recreational
and aesthetic values of surface waters, it is necessary to
understand the interrelationships between these factors and
water quality. The discussions in this Section emphasize
those interrelationships, but additional useful detail can be
found in other Sections of this Report, i.e., Public Water
Supplies (II), Marine Aquatic Life and Wildlife (IV), and
Agriculture (V). Cross references direct the reader to other
sources at appropriate points in this Section.

Physical Factors Recommendations applicable to
water-related environmental goals may well define those
constraints that must be imposed on man’s land-based ac-
tivities and upon his physical contact with water if the
quality of water is to be maintained at a level suited to
recreational use. This is especially true of aesthetic enjoy-
ment of water, because pleasurable aesthetic experiences

are related to water in its environmental setting and to its -

changing - appearance caused by wind, light, and other
natural phenomena.

Man-made impoundments have provided numerous:op-
portunities for recreation that have not existed before, but
their operation in some instanices presents a paradox for
récreational users. Often such reservoirs are located on the
upper - reaches of rivers where the natural setting-is itself
conducive to aesthetic recreational enjoyment; but because
they are often multipurpose projects, their operation’ for
water -supply; séasonal provision of flood storage, daily
prov-ision-‘of"}'iydroelectricjpo“v'ver, or even seasonal fluctu-
ation for mosquito-coritfol will change the water surface
-elevation, leave barren banks exposed; or cause noticeable
. or transient disruptions of ‘the-otherwise naturak appearing’

setting. ‘Where -the: impoundment specifically provides a-

public water supply, concerned water works' personnel,
fedring degradation-of the quality of the water stored for:

this purpose, may impose limitations on the scope of recre-
ational opportunities. Thus, the full potential for recre-
ational and aesthetic uses of water may well be curtailed
somewhat by the operational schedule of a water body
needed for other purposes, even if the quality of the stored
water meets the stipulated water quality criteria.

Control of turbidity represents another environment-
related problem, one that must often be dealt with in terms
of somewhat subjective local considerations. Recommen-
dations for turbidity limits are best expressed as percentage
increases over natural background conditions. The waste-
water treatment processes normally employed are intended
to control suspended particles and associated problems.
Steps can also be taken to minimize erosion of soil disturbed
by agriculture, construction, logging, and other human
activities. Turbidity from urban and rural areas can be
reduced by ponding or other sedimentation facilities.
Wherever possible, spoils from dredging of navigable waters
should be disposed of on land or at water sites in such a
way that environmental damage is minimized. If necessary
dredging for new construction or channel maintenance is
performed with caution, it will not have adverse effects on
water quality. (Effects of physical manipulation of the en-
vironment are discussed further in Section III on Fresh-
wateér Aqua ic Life and Wildlife.)

~Biological Factors Two principal types of biological
factors influence the recreational and aesthetic value of

_surface waters: those that endanger the health or physical

comfort of people and animals, and those that render water
aesthetically objectionable or unusable as a result of its
overfertilization. The former include vector and nuisance
organismis; the latter, aquatic growths of microscopic and
miacroscopic plants.

The discussion turns-next to the physical factors of recre-
ational carrying capacity and sediment and suspended
materials, and then to-the biological factors.

RECREATIONAL CARRYING CAPACITY

In both artificial. impoundments and natural bodies of
water the physical, chemical, and biolegical ehardcteristics
of the water itself are not the only factors influencing water-:

13
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oriented recreation. Depreciation of the recreational value
of water caused by high levels of use is a growing problem
that can be solved only by management techniques that
either create more extensive facilities or limit the types and
amounts of use to prcdetermmed desirable levels or carrying
capacities.

The recreational resource carrying capacity concept is
not new. Recreation land managers have used carrying
capacity standards for decades, but such standards have
generally been developed intuitively rather than experi-
mentally. Dana (1957)% called for empirical research in
this field to provide better guidelines for management of
recreation resources. The National Recreation and Parks
Association reported in 1969 that almost no research of this
type had been completed and that standards for water-
oriented recreational activities then in use exhibited a dis-
turbingly wide range of values (Chubb 1969)**. Among
investigations of the carrying capacity of water for recre-
ational boating currently being made are those at North
Carolina State University and Michigan State University
(Ashton and Chubb 1971).2 A comparative study of the
canoeing and trout fishing capacity of four rivers is taking
place in Michigan (Colburn, personal communication 1971)%.
Lucas (1964)% reported on an on-going recreational carry-
ing, capacity study of the Boundary Waters Canoe Area.

Until a number of these investigations are completed,
the true nature and complexity of the factors involved in
recreational carrying capacity will not be known. However,
in the case of many water-oriented activities it is apparent
that social, psychological, and economic factors are in-
volved, as well as the physical characteristics of the water
body (Chubb and Ashton 1969)2. For example, boaters on
heavily used lakes in Southeast Michigan represent a broad
spectrum of behavioral patterns and attitudes. Fishermen
generally dislike high-density use and are particularly an-
noyed by speeding boats that create waves. They believe
such activities disturb the fish. Waterfront home and cottage
owners abhor the noise and litter generated by owners of
transient boats on trailers. On the other hand, many water
skiers enjoy relatively crowded conditions because of the
social aspects of the experience; and some cruiser and pon-
toon boat owners enjoy viewing the skiers from their boats.
Thus the boating carrying capacity of these waters involves
the relative proportions of the various kinds of uses taking
place and the life styles, recreational goals, and social
aspirations of the boaters. Carrying capacity becomes a
function of the levels of satisfaction achieved by the par-
ticipants (Ashton and Chubb 1971).20 )

Screw propellers of powerboats operating in shallow
waters create currents that often suspend sediments. Power-
boats can also produce wake waves that cause shore erosion
and result in water turbulence. Marl-bottomed lakes and
silty, relatively narrow rivers are especially susceptible to
prolonged turbidity generated by such disturbances. In
many cases, bank erosion has been so severe that speed

limitations and wake-wave restrictions have had to be
imposed.

The size and configuration of a water body influence its
recreational use and carrying capacity. Large lakes with a
low ratio of shoreline—to—surface area tend to be under-used
in the middle; conversely, lakes with a high ratio of shore-
line—to—surface area tend to sustain more recreational use
per acre.

The Role of Regulation

Rapid increases in recreational use have necessitated
regulations to protect the quality of the experiences ob-
tained by limiting use so that carrying capacity is not
exceeded. Examples are boat speed regulations; limitations
on horsepower, number of boat launching sites, number of

- parking places, and zoning and time limitations on water

skiing and high-speed boating. Motorized crafts are often
prohibited. Michigan is planning to use data from its
current series of boating carrying capacity studies to es-
tablish new criteria for its boating access site program
(Ashton and Chubb 1971).%

The Michigan Department of Natural Resources (1970)2¢
has proposed rationing recreation on streiches of the Au
Sable, Manistee, Pine, and Pere Marquette Rivers by
means of a canoe permit system to reduce conflicts between
canoeists and trout fishermen. The proposed regulations
would limit the release of canoes to a specified number per
day for designated stretches of these rivers. Other regulations
are intended to promote safety and reduce trespass, river
bank damage, vandalismn, and littering. The National Park
Service has limited annual user days for river running on
the Colorado through the Grand Canyon (Cowgill 1971).23

Fqciors Affecting Recreational Carrying Capacity

The carrying capacity of a body of water for recreation is
not a readily identifiable finite number. It is a range of
values from which society can select the most acceptable
limits as the controlling variables change.

The schematic diagram (Fig. I-1) provides an impression
of the number of relationships involved in a typical water
body recreation system. Recreational carrying capacity of
water is basically dependent upon water quality but also
related to many other variables as shown in the model.
At the threshold level a relatively small decline in water
quality may have a considerable effect on the system and
result in a substantial decline in the annual yield of water-
oriented recreational opportunities at the sites affected.

Conclusion

No specific recommendation is made concerning
recreational carrying capacity. Agencies establish-
ing carrying capacities should be aware of the
complex relationships of the interacting variables
and of the constant need to review local established
values in light of prevailing conditions. Carrying
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capacity was discussed in this Section to call at-
tention to its potential effects on water quality for
recreational use.

SEDIMENTS AND SUSPENDED MATERIALS

Weathering of the land surface and- the transport of
particles such as sand, silt and clay by water, wind, and ice
are natural processes of geologic erosion that largely de-
termine the characteristics of our land, rivers, estuaries,
and lakes. Man, however, can drastically alter the amount
of material suspended in surface waters by accelerating
surface erosion through various land use and management
practices. Sources of these sediments and suspended ma-
terials such as erosion, mining, agriculture, and construction
areas are discussed in Section IV on Marine Aquatic Life
and Wildlife. In addition to causing siltation problems and
affecting biological productivity, sediments and suspended
materials affect the quality of surface waters used for
recreational and aesthetic enjoyment.

Effects orn Water Quality

The importance of suspended particle composition and
concentrations to the recreational and aesthetic value of
surface water relates to its effects on the clarity, light
penetration, temperature, and dissolved constituents of
surface water, the adsorption of toxic materials, and the
composition, distribution, and rate of sedimentation of
materials. These in turn not only affect recreational and
aesthetic values directly, but they control or limit biological
productivity and the aquatic life the waters will sustain for
enjoyment by people (Buck 1956,28 Cairns 1968).2 Although
the qualitative effects of suspended particles on surface
waters are well recognized, quantitative knowledge and
understanding are limited. (Biological effects are discussed
in Sections III and IV on Freshwater and Marine Aquatic
Life.)

Appearance The appearance of water is relative to
the perspective of the viewer and his expectations. For
example, the surfaces of lakes, streams, or oceans viewed
from shore appear less turbid than they do viewed from
above or during immersion. The responses of people viewing
the spectacularly clear waters of Lake Tahoe or Crater
Lake are almost surely aesthetic in nature, and allowing
the clarity of such waters to decrease would certainly lower
their aesthetic appeal. ‘On the other hand, the roaring
reaches and the placid stretches of the muddy Colorade
River and miles of the muddy Mississippi afford another
kind of aesthetic pleasure and recreation which many also
-appreciate. People seem ‘to adapt to and accept a wide
‘range of water turbidities ‘as long as ¢hanges ‘in turb.dity
are part of natural processes. However, increases in tur-
‘bidity of water due ‘to man’s'distiirbance of the land surface,
-discharge of wastes, or modification‘of the water-body bed
are 'subjectively regarded by ‘many people as pollution,
and-so #n faét or in fancy they reduce aesthétic €njoyment.

Light Penetration The presence of suspended solid
materials in natural waters limits the penetration by sun-
light. An example of the adverse effects of reduced available
light is the inability of some fish to see their natural food
or even the sport fisherman’s lure (note the discussion in
Section III, Freshwater Aquatic Life and Wildlife, pp.
126-129). In turbid, nutrient-rich waters, such as an estu-
ary or lake where lack of light penetration limits algal repro-
duction, a water management project that reduced sedi-
ment input to the water body could conceivably result in
increases of algal production to the nuisance level.

Temperature When suspended particles inhibit the
penetration of water by sunlight, greater absorption of
solar energy occurs near the surface and warms the water
there. With its density thus decreased, the water column
stabilizes, and vertical mixing is inhibited. Lower oxygen
transfer from air to water also results from higher water
surface temperature. Together with inhibited vertical mix-
ing, this reduces the downward rate of oxygen transfer,
especially in still or slowly moving water. In combination
with the oxygen demand of benthic accumulations, any
reduction in downward transfer of oxygen hastens the de-
velopment of anaerobic conditions at the bed of shallow
eutrophic ponds, and the result may be a loss of aesthetic
quality.

Adsorption of Materials Clay minerals have irregu-
lar, platy shapes and large surface areas with electrostatic
charges. As a consequence, clay minerals sorb cations,
anions, and organic compounds. Pesticides and heavy

‘metals likewise sorb on suspended clay particles, and those

that are strongly held are carried with the particles to their -
eventual resting place.

Microorganisms are frequently  sorbed on particulate
material and incorporated into bottom sediments when the
material settles. Rising storm waters may resuspend the
deposited material, thereby restoring the microorganisms
to the water column. Swimming or wading could stir
bottom sediments containing bacteria, thereby effecting a
rise in bacterial counts in the water (Van Donsel and
Geldreich 1971)3%,

The capacity of minerals to hold dissolved toxic materials
is different for each material and type of clay. The sorptive
phenomenon effectively lends a large assimilative capacity
to-muddy waters. A reduction in suspended mineral solids
in surface waters can, therefore, cause an increase in the
concentrations -of dissolved toxic materials contributed by
existing waste discharges (see Section III on Freshwater
Aquatic Life). _ '

‘Beach Zone Effects When typical river waters con-
taining dispersed’ clay minerals mix with océan water in
estuaries to the extent of ore part or-more of 0cean water to
33 parts ‘river water, the -dispersed clay and “silt .particlés
bécome cohesive, and “aggregates ‘are formed -under ‘the
‘prevailing hydraulic conditions-(Krone 1962).% Such aggre-
.gatés of ‘material brought downstréatn by storms -either
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settle in the estuary, particularly in large shallow bays, or
are carried directly to sea where they often are distributed
over large areas of the sea floor. Those that settle in shallow
bays can be constantly resuspended by wind-generated
waves and held in suspension by waves while tidal currents
circulate the waters throughout the estuary and carry a
portion of the suspended material out to sea. Suspended
clay mineral particles are weakly cohesive in river waters
having either unusually low dissolved salt concentrations
or high proportions of multivalent cations in the dissolved
salts. When such rivers enter lakes and impoundments, the
fine particles aggregate and settle to the bed to form soft,
fluffy deposits.

On lakes, the natural wind waves maintain beaches and
sandy littoral zones when there is sufficient fetch. Wind-
driven movement of the water through wave action and
subsequent oscillation provides the minimum velocity of
0.5 feet per second to sort out the fine particles of mineral
soils and organic micelles and allow them to settle in the
depths. Wave action extends to depths of approximately
one-half of the wave length to sort bottom sediments. This
depth is on the order of 5 feet (1.5 m) for a one-mile (1.6
km) fetch. When the waters are deep enough to allow
settling, fine sediments which are suspended drop down
over the wave terrace leaving sorted sand behind. In shallow
water bodies where the orbital velocity of the water particles
of wave action is great enough to lift fine sediments, waters
may be kept in a state of turbidity (Shephard 1963).%
Waters without adequate wind-wave action and circulation
do not have appreciable sorting; and therefore soft bottom
materials, undesirable at facilities like swimming beaches,
may build up in the shallows. These conditions reduce
clarity and not only affect the aesthetic value but also
present a hazard in swimming.

The natural phenomenon of beach maintenance, sup-
plying sand to beaches and littoral zones, is dependent in
part upon having ample sources of sand such as those pro-
vided by river transport and shore erosion. Impoundment
of rivers causes sand to settle behind dams and removes it
as a future source for beach maintenance. Man’s protection
of shorelines from erosion also interrupts the supply of sand.
In the erosion process, sand is commonly moved along the
shore in response to the net positive direction of the wind-
wave forces, or it is carried into deep water to be deposited
on the edge of wave terraces. The location of man-made
structures can, therefore, influence the quality of beaches.
Piers and jetties can intercept the lateral movement of sand

.and leave impoverished rocky or hardpan shores on the
up-current side. Such conditions are common -along the
shores of the large ‘Great Lakes and many coastal waters
(U.S. Army, Coastal Engineering Research Center 1966).%

-Sediment-Aquatic Plant Relationships When
the sediment load exceeds the transport capacity of the
nver, deposition results. The accumulation of sediments in
reservoirs and distribution systems has been a problem

since ancient times. The deposited materials may so alter
the original bed materials of surface waters that rooted
aquatic vascular plants are able to grow in the newly
available substrate, thus changing the aquatic environment.
Fine sediments are often rich in the nutrients required for
plant growths; and once the sediments are stabilized with
a few plants, extensive colonization may follow. . (See the
discussion of Aquatic Vascular Plants in this Section.)

Recommendation

Clear waters are normally preferred for recre-
ation. Because sediment-laden water reduces water
clarity, inhibits the growth of plants, displaces
water volume as sediments settle, and contributes
to the fouling of the bottom, prevention of un-
natural quantities of suspended sediments or de-
posit of sediments is desirable. Individual waters
vary in the natural amounts of suspended sedi-
ments they carry; therefore, no fixed recommen-
dation can be made. Management decisions should
be developed with reference to historical base line
data concerning the individual body of water.

VECTORS AND NUISANCE ORGANISMS

The impact of both aquatic vectors of diseases and
nuisance organisms on water-related recreational and aes-
thetic pursuits varies from the creation of minor nuisances
to the closing of large recreational areas (Mackenthun and
Ingram 1967).% Organisms of concern are discussed by
Mackenthun (1969).57

Massive emergences of non-biting midges, phantom
midges, -caddisflies, and mayflies cause serious nuisances in
shoreline communities, impeding road traffic, river navi-
gation, commercial enterprises and recreational pursuits
(Burks 1953, Fremling 1960a,%® 1960b;*” Hunt and Bis-
choff 1960;%¢ Provost 1958%). Human respiratory allergic
reactions to aquatic insect bites have been recognized for
many years. They were reviewed by Henson (1966),% who
reported the major causative groups to be the caddisflies,
‘mayflies, and midges.

Among ‘common diseases transmitted by aquatic inverte-
brates are encephalitis, malaria, and schistosomiasis, in-
cluding swimmers’ itch. The principal water-related arthro-
pod-borne viral disease of importance to public health in
the United States is encephalitis, transmitted by mosquitoes
(Hess and Holden 1958).5* Many polluted urban streams
are ideally suited to production of large numbers of Culex
Satigans, a vector of St. Louis encephalitis in urbah areas.
Although runring waters ordinarily are not suitable for
mosquito breeding, puddles in ‘drying stream beds. and
floodplains are excellent breeding sites for this and other
species ‘of Culex. I such pools contain polluted waters,
‘organic materials present may serve as an increased food
supply that will stimulate production ‘(Hess 1956,% U.S.
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Department of the Interior, FWPCA 1967).%* Aquatic
plants also provide breeding sites for some mosquitoes and
other nuisance insects. This relationship is discussed else-
where in this Section (p. 25).

Other than mosquitoes, perhaps the most common nui-
sance insects associated with standing freshwater are chir-
onomid midges. These insects neither bite nor carry disease,
but their dense swarms can interfere with man’s comfort
and activities. Nuisance populations have occurred in pro-
ductive natural lakes where the larvae thrive in the largely
organic bottom sediments (Provost 1958,% Hunt and Bis-
choff 1960,5* Hilsenhoff 1959).% In poorly designed sewage
lagoons mosquitoes and midges may thrive (Beadle and
Harmstrom 1958,3% Kimerle and Enns 1968).5¢ Reservoirs
receiving inadequately treated municipal wastes are po-
tential sources for abundant mosquito and midge production
(U.S. Department of the Interior, FWPCA 1967).%5 In-
creased midge production may be associated with deterior-
ation in water quality, but this is not always the case. For
example, excessive production can occur in primary sewage
oxidation ponds as well as in reservoirs (Grodhaus 1963,%
Bay 1964%); and in sequential oxidation pond treatment,
maximum midge production may sometimes occur in those
ponds furthest from the plant effluent where water quality
is highest (Bay et al. 1965).3¢

Abrupt changes in water quality such as dilution of sea-
water by freshwater, especially if accompanied by organic
loading, can precipitate extraordinarily high midge pro-
duction (Jamnback 1954).%5 Sudden decline in oxygen
supply in organically overloaded ponds or drying lakes can
disrupt or destroy established faunal communities, thus
favoring midge larvae because they are tolerant to low
dissolved oxygen and are primarily detrital feeders (Bay
unpublished data).s? :

The physical characteristics of certain water bodies, as
much as their water quality characteristics, may sometimes
determine midge productivity (Bay et al. 1966).3 For
example, freshly filled reservoirs are quickly sedimented
with allocthanous detritus and airborne organic matter
that provide food for invading midge larvae. The rate of
sedimentation can depend on watershed characteristics and
basin percolation rate or, in the case of airborne sediment,
on the surrounding topography. Predators in these new
environments are few, and initial midge larval survival is
high. Thomas (1970)% has also reported on the potential
of newly or periodically flooded areas to produce large
populations of midges and mosquitoes.

Midge production in permanent bodies of water is ex-
tremely variable. Attempts have been made (Hilsenhoff
and Narf 1968,% Florida State Board of Health unpublished
data®) to correlate factors of water quality with midge
productivity in neighboring lakes and in lakes with certain
identifiable characteristics, but the results have been incon-
clusive.

Organism response in organically polluted flowing water
was discussed and illustrated by Bartsch and Ingram
(1959).%% As water quality and bottom materials change in
streams recovering from organic waste discharges, large
numbers of midges and other nuisance organisms may be
produced in select reaches.

Though blackfly larvae are common in wunpolluted
streams, an increase in suspended organic food particles
may stimulate increased populations, and abnormally large
numbers of larvae have been found downstream from both
municipal and industrial waste discharges (U.S. Depart-
ment of the Interior, FWPCA 1967).%5 The larvae feed on
drifting organic material, and either municipal, agricultural,
or certain industrial wastes can provide the base for an
increased food supply. Bacteria from soils and sewage may
be important in outbreaks of blackflies (Fredeen 1964).4%

Toxic wastes can also affect situations where nuisance
organisms are found in increased numbers. The most
obvious mechanism is the destruction of more sensitive
predators and competitors, leaving the food supply and
space available for the more tolerant forms. Surber (1959)%
found increased numbers of a tolerant midge, Cricotopus
bicinctus, in waters polluted with chromium. Rotenone
treatment of waters has resulted in temporary massive
increases in blackfly and midge populations (Cook and
Moore 1969).4 Increased numbers of midge larvae were
found in a stream reach six months after a gasoline spill
(Bugbee and Walter 1972).%¢ The reasons for this are not
clear but may be linked to the more ready invasion of an
area by these highly mobile insects as compared to less
mobile competitors and predators.

Persons involved in water-based activities in many areas
of the world are subject to bilharziasis (schistosomiasis), a
debilitating and sometimes deadly disease (World Health
Organization 1959).% This is not a problem in the conti-
nental United States and Hawaii because of the absence of
a vector snail, but schistosomiasis occurs in Puerto Rico
due to the discharge of human feces containing Schistosoma
eggs into waters harboring vector snails, the most important
species being Biomphalaria glabrata. B. glabrata can survive
in a wide range of water quality, including facultative
sewage lagoons; and people are exposed through contact
with shallow water near the infected snails. Cercariae shed
by the snail penetrate the skin of humans and enter the
bloodstream.

Of local concern in water-contact recreation in the
United States is schistosome dermatitis, or swimmers’ itch
(Cort 1928,2 Mackenthun and Ingram 1967, Fetterolf
et al. 1970).4¢ A number of schistosome cercariae, non-
specific for humans, are able to enter the outer layers of
human skin. The reaction causes itching, and the severity
is related to the person’s sensitivity and prior exposure
history (Oliver 1949).% The most important of the derma-
titis-producing cercariae are duck parasites ( Trichobilharzia).




Snails serving as intermediate hosts include Lymnaea, Physa,
and Gyraulus (Cort 1950).%% Although swimmers’ itch has
wide distribution, in the United States it is principally
endemic to the north central lake region. Occasional inci-
dence is reported in marine waters (Stunkard and Hinchliffe
1952).¢

About 90 per cent of severe swimmers® itch outbreaks are
associated with Cercaria stagnicolae shed from varieties of the
snail Lymnaea emarginata. This relationship is promoted by
(1) clean, sandy beaches ideal for swimming and preferred
by the snail; (2) peak populations of the snail host that
develop in sandy-bottomed lakes of glacial origin; (3) the
greatest development of adult snails that do not die off
until toward the end of the bathing season; and (4) the
cycle of cercarial infection so timed that the greatest num-
bers of cercariae emerge during the hot weather in the
middle of the summer when the greatest amount of bathing
is done (Brackett 1941).3 Infected vector snails are also
found throughout the United States in swamps, muddy
ponds, and ditches; but dermatitis rarely results, because
humans seldom use these areas without protective clothing.

In some marine recreational waters jellyfish or sea nettles
are gerious problems. Some species possess stinging mecha-
nisms whose cnidoblast filaments can penetrate human skin
causing painful, inflammed weals. The effects of water
quality on their abundance is not known, but Schultz and
Cargo (1971)% reported that the summer sea nettle,
Chrysaora quinquecirrha, has been a problem in Chesapeake
- Bay since colonial days. When these nettles are abundant,
swimming is practically eliminated and fishermen’s nets
and traps are clogged.

Conclusion

The role of water quality in either limiting or
augmenting the production of vector and nuisance
organisms involves many interrelationships which
are not clearly understood. Since organic wastes
generally directly or indirectly increase biomass
production, there may be an attendant increase
in vector or nuisance organisms. Some wastes
favor their production by creating water quality
or- habitat conditions that limit their predators
and competitors. Increased production of vector
and nuisance organisms may degrade a healthy
and desirable human environment and be ac-
companied by a lessening of recreational and aes-
thetic values (see the discussion of Aquatic Life
and Wildlife in this Section, p. 35.)

EUTROPHICATION AND NUTRIENTS

Man’s recent concern with eutrophy relates primarily to
lakes, reservoirs, rivers, estuaries, and coastal waters that
have been or are being over-fertilized through society’s
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carelessness to a point where beneficial uses are impaired
or threatened. With increasing urbanization, industriali-
zation, artificial soil fertilization, and soil mantle disruption,
eutrophication has become a serious problem affecting the
aesthetic and recreational enjoyment of many of the nation’s
waters.

Defining Eutrophication and Nutrients

Lakes have been classified in accordance with their
trophic level or bathymetry as eutrophic, oligotrophic,
mesotrophic, or dystrophic (National Academy of Sciences
1969,°7 Russell-Hunter 1970,%° Warren 1971,''¢ Stewart
and Rohlich 1967).197 A typical eutrophic lake has a high
surface-to-volume ratio, and an abundance of nutrients
producing heavy growth of aquatic plants and other vege-
tation; it contains highly organic sediments, and may have
seasonal or continuous low dissolved-oxygen concentrations
in its deeper waters. A typical oligotrophic lake has a low
surface-to-volume ratio, a nutrient content that supports
only a low level of aquatic productivity, a high dissolved-
oxygen concentration extending to the deep waters, and
sediments largely inorganic in composition. The character-
istics of mesotrophic lakes lie between those of eutrophic
and oligotrophic lakes. A dystrophic lake has waters brown-
ish from humic materials, a relatively low pH, a reduced
rate of bacterial decomposition, bottom sediments usually
composed of partially decomposed vegetation, and low
aquatic biomass productivity. Dystrophication is a lake-
aging process different from that of eutrophication. Whereas
the senescent stage in eutrophication may be a productive
marsh or swamp, dystrophication leads to a peat bog rich
in humic materials but low in productivity.

Eutrophication refers to the addition of nutrients to
bodies of water and to the effects of those nutrients. The
theory that there is a natural, gradual, and steady increase
in external nutrient supply throughout the existence of a
lake is widely held, but there is no support for this idea of
natural eutrophication (Beeton and Edmondson 1972).74
The paleolimnological literature supports instead a concept
of trophic equilibrium such as that introduced by Hutchin-
son (1969).% According to this concept the progressive
changes that occur as a lake ages constitute an ecological
succession effected in part by the change in the shape of the
basin brought about by its filling. As the basin fills and the
volume decreases, the resulting shallowness increases the
cycling of available nutrients and this usually increases
plant production.

There are many naturally eutrophic lakes of such recre-
ational value that extensive efforts have been made to con-
trol their overproduction of nuisance aquatic plants and
algae. In the past, man has often accepted as a natural
phenomenon the loss or decreased value of a resource
through eutrophication. He has drained shallow, senescent
lakes for agricultural purposes or filled them to form building

-



20/ Section I—Recreation and Aesthetics

sites. The increasing value of lakes for recreation, however,
will reorder man’s priorities, and instead of aseepting such
alternative uses of lakes, he will divert his reclamation
efforts to salvaging and renovating their recreational values.

Artificial or cultaral eutrophication results from increased
nutrient supplies through human activity. Many aquatic
systems have suffered cultural eutrophication in the past
50 years as a consequence of continually increasing nutrient
loading from the wastes of society. Man-induced nutrients
come largely from the discharge of municipal and industrial
wastewaters and from the land runoff effects of agricultural
practices and disruption of the soil mantle and its vege-
tative cover in the course of land development and con-
struction. If eutrophication is not to become the future
major deterrent to the recreational and aesthetic enjoyment
of water, it is essential that unnatural additions of nutrients
be kept out of water bodies through improved wastewater
treatment and land management.

Effects of Evtrophication and Nutrients

Green Lake, a lowland lake with high recreation use in

Seattle, is an example of a natural eutrophic lake (Sylvester
and Anderson 1960),'* formed some 25,000 years ago after
the retreat of the Vashon glacier. During the ensuing
years, about two-thirds of the original lake volume was
filled with inorganic and organic sediments. A core taken
near the center of the lake to a sediment depth of 20.5 feet
represented a sediment accumulation over a period of ap-
proximately 6,700 years. Organic, nutrient, and chlorophyll
analyses on samples from the different sediment depths
indicated a relatively constant rate of sedimentation, sug-
gesting that Green Lake has been in a natural state of
eutrophy for several thousands of years.

The recreational and aesthetic potential of the lake was
reduced for most users by littoral and emergent vegetation
and by heavy blooms of blue-green algae in late summer.
The aquatic weeds provided harborage for production of
mosquitoes and interfered with boating, swimming, fishing,
access to the beach, and model boat activities. The heavy,
blue-green algal blooms adhered to swimmers. The wind
blew the algal masses onto the shore where they decomposed
with a disagreeable odor. They dried like a blue-green paint
on objects along the shoreline, rendered boating and fishing
unattractive, and accentuated water line marks on boats.

Nevertheless, through the continuous addition of low-
nutrient dilution water by the City of Seattle (Oglesby
1969),°8 Green lake has been reclaimed through a reversal
of the trophic development to mesotrophic and is now
recreationally and aesthetically acceptable.

Lake Washington is an example of a large, deep, oligo-
trophic-mesotrophic lake that turned eutrophic in about
35 years, primarily through the discharge of treated and
untreated domestic sewage. Even to laymen, the change
was rapid, dramatic, and spectacular. In the period of a
year, the apparent color of the lake water turned from

bluish-green to rust as a result of massive growths of the
blue-green alga, Oscillatoria rubescens. This threat to aesthetic
and recreational enjoyment was a key factor in voter ap-
proval of Metro, a metropolitan sewer district. Metro has
greatly reduced the nutrient content of the lake and conse-
quent algal growth by diverting wastewater discharges out
of the drainage basin (Edmondson 1969,% 1970).%3

Lake Sammamish at the northern inlet of Lake Wash-
ington appeared to be responding to the enrichment it
received from treated sewage and other nutrient waste,
although it had not yet produced nuisance conditions to
the extent found in Lake Washington (Edmondson 1970).33
However, subsequent diversion of that waste by Metro has
resulted in little or no detectable recovery in three years, a
period that proved adequate for substantial recovery in
Lake Washington (Emery et al. 1972).35 Lake Sebasticook,
Maine, affords another example of undesirable enrichment.
Although previously in an acceptable condition, it became
obnoxious during the 1960°s in response to sewage and a
wide variety of industrial wastes (HEW 1966).22 The
nutrient income of Lake Winnisquam, New Hampshire,
has been studied to determine the cause of nuisance blooms
of blue-green algaé (Edmondson 1969).82 The well-known
lakes at Madison, Wisconsin, including Monona, Waubesa,
and Mendota, have been the object of detailed studies of
nutrient sources and their deteriorating effect on water
quality (Sawyer 1947,% Mackenthun et al. 1960,% Ed-
mondson 1961,% 1968).%

A desirable aspect of eutrophication is the ability of
mesotrophic or slightly eutrophic lakes typically to produce
greater crops of fish than their oligotrophic or nutrient-poor
counterparts. As long as nuisance blooms of algae and
extensive aquatic weed beds do not hinder the growth of
desirable fish species or obstruct the mechanics and aes-
thetics of fishing or other beneficial uses, some enrichment
may be desirable. Fertilization is a tool in commercial and
sport fishery management used to produce greater crops of
fish. Many prairie lakes in the east slope foothills of the
Rocky Mountains would be classed as eutrophic according
to the characteristics discussed below, yet many of these
lakes are exceptional trout producers because of the high
natural fertility of the prairie (Sunde et al. 1970).1%8 As an
example of an accepted eutrophic condition, their waters
are dense with plankton, but few would consider reducing
the enrichment of these lakes.

Streams and estuaries, as well as lakes, show symptoms
of over-enrichment, but there is less opportunity for buildup

- of nutrients because of the continual transport of water.

Although aquatic growths can develop to nuisance pro-
portions in streams and estuaries as a result of over-enrich-
ment, manipulation of the nutrient input can modify the
situation more rapidly than in lakes.

Man’s fertilization of some rivers, estuaries, and marine
embayments has produced undesirable aquatic growths of
algae, water weeds, and slime organisms such as Cladophora,
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Ulva, Potamogeton, and Sphaerotilus. In addition to interfering
with other uses, as in clogging fishing nets with slime
(Lincoln and Foster 1943),%¢ the accompanying water-
quality changes in some instances upset the natural fauna
and flora and cause undesirable shifts in the species compo-
sition of the community.

Determination of Trophic Conditions

It should be emphasized that (a) eutrophication has a
significant relationship to the use of water for recreational
and aesthetic enjoyment as well as the other water uses
discussed in this book; (b) this relationship may be desirable
or undesirable, depending upon the type of recreational
and aesthetic enjoyment sought; and (c) the possible dis-
advantages or advantages of eutrophication may be viewed
subjectively as they relate to a particular water use. There
are no generally accepted guidelines for judging whether a
state of eutrophy exists or by what criteria it may be meas-
ured, such as production of biomass, rate of productivity,
appearance, or change in water quality. Ranges in primary
productivity and oxygen deficit have been suggested as
indicative of eutrophy, mesotrophy, and oligotrophy by
Edmondson (1970)8 and Rodhe (1969),%4 but these ranges
have had no official recognition. ‘

The trophic state and natural rate of eutrophication that
exists, or would exist, in the absence of man’s activities is
the basis of reference in judging man-induced eutrophi-
cation. The determination of the natural state in many
water bodies will require the careful examination of past
data, referral to published historical accounts, recall by
“old-timers,” and perhaps the examination of sediment
cores for indicator species and chemical composition. The
following guidelines are suggested in determining the refer-
ence trophic states of lakes or detecting changes in trophic
states. Determination of the reference trophic state ac-
companied by studies of the nutrient budget may reveal

®that the lake is already in an advanced state of eutrophy.
For temperate lakes, a significant change in indicator com-
munities or a significant increase in any of the other four
indices, detectable over a five-year period or less, is con-
sidered sufficient evidence that accelerated eutrophication
is occurring. An undetectable change over a shorter period
would not necessarily indicate a lack of accelerated eutrophi-
cation. A change detectable only after five years may still
indicate unnaturally accelerated eutrophication, but five
years is suggested as a realistic maximum for the average
monitoring endeavor. Where cultural eutrophication is sus-
pected and changes in indices are not observable, analysis
of sediment cores may be necessary to establish the natural
state. The dynamic characteristics and individuality of
lakes may produce exceptions to these guidelines. They are
not infallible indicators of interference with recreation, but
for now they may serve as a beginning, subject to modifi-
cation as more complete data on the range of trophic con-
ditions and their associated effects become available.

Primary Productivity Rangesin the photosynthetic
rate, measured by radioactive carbon assimilation, have
been suggested by Rodhe (1969)™* as indicative of trophic
conditions (Table I-2).

Biomass Chlorophyll a is used as a versatile measure
of algal biomass. The ranges presented for mean summer
chlorophyll ¢ concentration determined in epilimnetic water
supplies collected at least biweekly and analyzed according
to Standard Methods (American Public Health Assoc.,
American Water Works Assoc., and Water Pollution Con-
trol Federation 1971) are indices of the trophic stage of a
lake: oligotrophic, 0—4 mg chlorophyll a/m?; eutrophic,
10-100 mg chlorophyll a/m?3.

These ranges are suggested after reviewing data on
chlorophyll concentrations and other indicators of trophic
state in several lakes throughout the United States and
Canada. Of greatest significance are data from Lake Wash-
ington which show that during peak enrichment, mean
summer chlorophyll a content rose to about 27 mg/m3 and
that the lake was definitely eutrophic. The post nutrient
diversion summer mean declined to about 7 mg/m?, and
the lake is now more typically mesotrophic (Edmondson
1970;8 chlorophyll @ values corrected to conform to recent
analytical techniques). Unenriched and relatively low pro-
ductive lakes at higher elevations in the Lake Washington
drainage basin show mean summer chlorophyll a contents
of 1 to 2 mg/m?® Moses Lake, which can be considered
hypereutrophic, shows a summer mean of 90 mg/m?
chlorophyll a (Bush and Welch 1972).7¢

Oxygen Deficit Criteria for rate of depletion of hy-
polimnetic oxygen in relation to trophic state were reported
by Mortimer (1941)% as follows:

oligotrophic eutrophic

<250 mg O,/m?/day >550 mg O./m?/day
This is the rate of depletion of hypolimnetic oxygen de-
termined by the change in mean concentration of hypolim-
netic oxygen per unit time multiplied by the mean depth
of the hypolimnion. The observed time interval should be
at least a month, preferably longer, during summer stratifi-
cation.

TABLE I-2—Ranges in Photosynthetic Rate for Primary
Productivity Determinations=

Period Oligotrophic Eutrophic

300-3000
75100

Mean daily rates in a grawing season, mgC/mz2/day. ... 30-100
Toial annual rates, gC/m2/year...................... 1-15

o Measured by total carhon uptake per square meter of water surface per unit of fime. Productivity estimates should
be determined from at least monthly measurements according to Standard Methods.

American Public Health Association, American Water Works Assoc., and Water Pallution Control Federation
1971m; Radhe 1969.104
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Indicator Communities The representation of cer-
tain species in a community grouping in fresh water en-
vironments is often a sensitive indicator of the trophic state.
Nutrient enrichment in streams causes changes in the size
of faunal and floral populations, kinds of species, and
numbers of species (Richardson 1928,1% Ellis 1937,%4 Patrick
1949,% Tarzwell and Gaufin 1953'). For example, in a
stream typical of the temperate zone in the eastern United
States degraded by organic pollution the following shifts
in aquatic communities are often found: in the zone of
rapid decomposition below a pollution source, bacterial
counts are increased; sludgeworms (Tubificidae), rattail
maggots (Eristalis tenax) and bloodworms (Chironomidae)
dominate the benthic fauna; and blue-green algae and the
sewage fungus (Sphaerotilus) become common (Patrick
1949,% Tarzwell and Gaufin 1953, Patrick et al. 1967'%),
Various blue-green algae such as Schizothrix calcicola, Micro-
coleus vaginatus, Microcystis aeruginosa, and Anabaena sp. are
commonly found in nutrient-rich waters, and blooms of
these and other algae frequently detract from the aesthetic
and recreational value of lakes. Diatoms such as Nitzschia
palea, Gomphonema parvulum, Navicula cryptocephala, Cyclotella
meneghiniana, and Melosira varians are also often abundant
in nutrient-rich water (Patrick and Reimer 1966).7! Midges,
leeches, blackfly larvae, Physa snails, and fingernail clams
are frequently abundant in the recovery zone.

Nutrients Chemicals necessary to the growth and
reproduction of rooted or floating flowering plants, ferns,
algae, fungi, or bacteria are considered to be nutrient
chemicals. All these chemicals are not yet known, but those
that have been identified are classified as macronutrients,
trace elements or micronutrients, and organic nutrients.
The macronutrients are calcium, potassium, magnesium,
sodium, sulfur, carbon and carbonates, nitrogen, and phos-
phorus. The micronutrients are silica, manganese, zinc,
copper, molybdenum, boron, titanium, chromium, cobalt,
and perhaps vanadium (Chu 1942,77 Arnon and Wessell
1953, Hansen et al. 1954).% Examples of organic nutrients
are biotin, By, thiamine, and glycylglycine (Droop 1962).7
Some of the amino acids and simple sugars have also been
shown to be nutrients for heterotrophs or partial hetero-
trophs.

Plants vary as to the amounts and kinds of nutrients they
require, and as a result one species or group of species of
algae or aquatic plants may gain dominance over another
group because of the variation in concentration of nutrient
chemicals. Even though all the nutrients necessary for
plant growth are present, growth will not take place unless
environmental factors such as light, temperature, and sub-
strate are suitable. Man’s use of the watershed also in-
fluences the sediment load and nutrient levels in surface
waters (Leopold et al. 1964,% Bormann and Likens 1967).75

Thomas (1953)™! found that the important factor in
artificial eutrophication was the high phosphorus content
of domestic wastes. Nitrogen became the limiting growth
factor if the algal demand for phosphorus was met. Nu-

merous studies have verified these conclusions (American
Society of Limnology and Oceanography 1972)."

Sawyer (1947)1%¢ determined critical levels of inorganic
nitrogen (300 pg/l N) and inorganic phosphorus (10 pg/1
P) at the time of spring overturn in Wisconsin lakes. If
exceeded, these levels would probably produce nuisance
blooms of algae during the summer. Nutrient concentrations
should be maximum when measured at the spring overturn
and at the start of the growing season. Nutrient concen-
trations during active growth periods may only indicate
the difference between amounts absorbed in biomass (sus-
pended and settled) and the initial amount biologically
available. The values, therefore, would not be indicative
of potential algal production. Nutrient content should be
determined at least monthly (including the time of spring
overturn) from the surface, mid-depth, and bottom. These
values can be related to water volume in each stratum, and.
nutrient concentrations based on total lake volume can be

‘derived.

One of the most convincing relationships between maxi-
mum phosphate content at the time of lake overturn and
eutrophication as indicated by algal biomass has been
shown in Lake Washington (Edmondson 1970).3% During
the years when algal densities progressed to nuisance levels,
mean winter PO4P increased from 10-20 ug/l to 57 ug/l.
Following diversion of the sewage mean PO,-P decreased
once again to the preenrichment level. Correlated with the
PO,P reduction was mean summer chlorophyll 4 content,
which decreased from a mean of 27 ug/1 at peak enrichment
to less than 10 ug/l, six years after diversion was initiated.

Although difficult to assess, the rate of nutrient inflow
more closely represents nutrient availability than does
nutrient concentration because of the dynamic character
of these nonconservative materials. Loading rates are usually
determined annually on the basis of monthly monitoring of
water flow, nutrient concentration in natural surface and
groundwater, and wastewater inflows.

Vollenweider (1968)2 related nutrient loading to mean
depths for various well-known lakes and identified trophic
states associated with induced eutrophication. These find-
ings showed shallow lakes to be clearly more sensitive to
nutrient income per unit area than deep lakes, because
nutrient reuse to perpetuate nuisance growth of algae in-
creased as depth decreased. From this standpoint nutrient
loading was a more valid criterion than nutrient concen-
tration in judging trophic state. Examples of nutrient load-
ings which produced nuisance conditions were about 0.3
g/m?/yr P and 4 g/m?/yr N for a lake with a mean depth
of 20 meters, and about 0.8 g/m?/yr P and 11 g/m?/yr N
for a lake with a mean depth of 100 meters.

These suggested criteria apply only if other requirements
of algal growth are met, such as available light and water
retention time. If these factors limit growth rate and the
increase of biomass, large amounts of nutrients may move
through the system unused, and nuisance conditions may
not occur (Welch 1969).15 N
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Carbon (C) is required by all photosynthetic plants. It
may be in the form of CO, in solution, HCO3, or COj.
Carbamine carboxylate, which may form by the complexing
of calcium or other carbonates and amino compounds in
alkaline water, is an efficient source of CO, (Hutchinson
1967).% Usually carbon is not a limiting factor in water
(Goldman et al. 1971).%8 However, King (1970)% estimated
that concentrations of COs; less than 3 micromoles at equi-
librium favored blue-green algae, and concentrations greater
than this favored green algae.

Cations such as calcium, magnesium, sodium, and po-
tassium are required by algae and higher aquatic plants
for growth, but the optimum amounts and ratios vary.
Furthermore, few situations exist in which these would be
in such low supply as to be limiting to plants. Trace ele-
ments either singly or in combination are important for the
growth of algae (Goldman 1964).3¢ For example molyb-
denum has been demonstrated to be a limiting nutrient in
Castle Lake. Deficiencies in trace elements are more likely
to occur in oligotrophic than in eutrophic waters (Goldman
1972).%7

‘The vitamins important in promoting optimum growth
in algae are biotin, thiamin, and By,. All major groups
require one or more of these vitamins, but particular species
may or may not require them. As Provasoli and D’Agostino
(1969) pointed out, little is known about the requirement
for these vitamins for growth of algae in polluted water.

Under natural conditions it is difficult to determine the
effect of change in concentrations of a single chemical on
the growth of organisms. The principal reasons are that
growth results from the interaction of many chemical,
physical, and biological factors on the functioning of an
organism; and that nutrients arise from a mixture of chemi-
cals from farm, industrial, and sanitary wastes, and runoff
from fields. However, the increase in amounts and types of
nutrients can be traced by shifts in species forming aquatic
communities. Such biotic shifts have occurred in western
Lake Erie (Beeton 1969).73 Since 1900 the watershed of
western Lake Erie has changed with the rapidly increasing
human population and industrial development, as a result
of which the lake has received large quantities of sanitary,
industrial, and agricultural organic wastes. The lake has
become modified by increased concentrations of dissolved
solids, lower transparency, and low dissolved oxygen concen-
tration. Blooms of blue-green algae and shifts in inverte-
brate populations have markedly increased in the 1960’s
(Davis 1964,78 Beeton 1969).73

Slimmury of Measurement of Nutrient Enrichment

Several conditions can be used to measure nutrient en-
richment or its effects:

® a steady decrease over several years in the dissolved
oxygen content of the hypolimnion when measured
prior to fall overturn, and an increase in anaerobic
areas in the lower portion of the hypolimnion;

® an increase in dissolved materials, especially nu-
trients such as nitrogen, phosphorus, and simple
carbohydrates;

® an increase in suspended solids, especially organic
materials;

® a shift in the structure of communities of aquatic
organisms involving a shift in kinds of species and
relative abundances of species and biomass;

® a steady though slow decrease in light penetration;

® an increase in organic materials and nutrients, es-
pecially phosphorus, in bottom deposits;

® increases in total phosphorus in the spring of the
year.

Recommendations

The principal recommendations for aesthetic and
recreational uses of lakes, ponds, rivers, estuaries,
and near-shore coastal waters are that these uses
continue to be pleasing and undiminished by ef-
fects of cultural activities that increase plant nu-
trients. The trophic level and natural rate of
eutrophication that exists, or would exist, in these
waters in the absence of man’s activities is con-
sidered the reference level and the commonly de-
sirable level to be maintained. Such water should
not have a demonstrable accelerated production
of algae growth in excess of rates normally ex-
pected for the same type of waterbody in nature
without man-made influences.

The concentrations of phosphorus and nitrogen
mentioned in the text as leading to accelerated
eutrophication were developed from studies for
certain aquatic systems: maintenance of lower
concentrations may or may not prevent eutrophic
conditions. All the factors causing nuisance plant
growths and the level of each which should not be
exceeded are not known. However, nuisance
growths will be limited if the addition of all wastes
such as sewage, food processing, cannery, and in-
dustrial wastes containing nutrients, vitamins,
trace elements, and growth stimulants are care-
fully controlled and nothing is added that causes
a slow overall decrease of average dissolved oxygen
concentration in the hypolimnion and an increase
in the extent and duration of anaerobic conditions.

AQUATIC VASCULAR PLANTS

Aquatic vascular plants affect water quality, other aquatic
organisms, and the uses man makes of the water. Generally,
the effects are inwversely proportional to the volume of the
water body and directly proportional to the use man wishes
to make of that water. Thus the impact is often most
significant in marshes, ponds, canals, irrigation ditches,
rivers, shallow lakes, estuaries and embayments, public
water supply sources, and man-made impoundments. Dense
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growths of aquatic vascular plants are not necessarily due
to human alteration of the environment. Where an ap-
propriate environment for plant growth occurs, it is ex-
tremely difficult to prevent the growth without changing
the environment. Addition of plant nutrients can cause
aquatic vascular plants to increase to nuisance proportions
in waters where natural fertility levels are insufficient to
maintain dense populations (Lind and Cottam 1969).147 In
other waters where artificial nutrient additions are not a
problem, natural fertility alone may support nuisance
growths (Frink 1967).1%

Interrelationships With Water Qualﬁy

Through their metabolic processes, manner of growth,
and eventual decay, aquatic vascular plants can have sig-
nificant effects on such environmental factors as dissolved
oxygen and carbon dioxide, carbonate and bicarbonate
alkalinity, pH, nutrient supplies, light penetration, evapo-
ration, water circulation, current velocity, and sediment
composition. The difficulty in understanding the inter-
relationships among plant growth and water quality is
described in part by Lathwell et al. (1969).4¢ Diurnal
oxygen rhythm with maximum concentrations in the after-
noon and minimums just before dawn is a universally-
recognized limnological phenomenon, and metabolic ac-
tivities of vascular plants can contribute to these rhythms.
The effect of aquatic plants on dissolved oxygen within a
reach of stream at a particular time of day is a function of
the plant density and distribution, plant species, light in-
tensity, water depth, turbidity, temperature, and ambient
dissolved oxygen. Oxygen production is proportional to
plant density only to a certain limit; when this limit is
exceeded, net oxygen production begins to decrease and,
with increasing density, the plants become net oxygen con-
sumers (Owens et al. 1969).1% It is hypothesized that this
phenomenon occurs because the plants become so dense
that some are shaded by other overlying plants. Westlake
(1966)'7% developed a model for predicting the effects of
aquatic vascular plarit density and distribution on oxygen
balance which demonstrates that if the weeds are concen-
trated within a small area, the net effect of the weeds may
be to consume more oxygen than that produced, even
though the average density may be relatively low.

After reviewing the literature on the direct effects of
plants on the oxygen balance, Sculthorpe (1967)' con-
cluded that the extent of oxygen enrichment at all sites
varies with changing light intensity, temperature, and plant
population density and distribution. On a cloudy, cool day
community respiration may exceed even the maximum
photosynthetic rate. Although vigorous oxygen production
occurs in the growing season, the plants eventually die and
decay, and the resulting oxygen consumption is spread over
the cooler seasons of the year.

. Light penetration is significantly reduced by dense stands
of aquatic vascular plants, and this reduces photosynthetic

rates at shallow depths. Buscemi (1958)'* found that under
dense beds of Elodea the dissolved oxygen concentration
fell sharply with depth and marked stratification was pro-
duced. Severe oxygen depletion under floating mats of
water hyacinth (Lynch et al. 1947),2% duckweed and water
lettuce’ (Yount 1963)!" have occurred. Extensive covers of
floating or emergent plants shelter the surface from the
wind, reduce turbulence and reaeration, hinder mixing,
and promote thermal stratification. Dense growths of phyto-
plankton may also shade-out submerged macrophytes, and
this phenomenon is used to advantage in fisheries pond
culture. Fertilization of ponds to promote phytoplankton
growth is recommended as a2 means of reducing the standing
crop of submerged vascular plants (Swingle 1947,167 Surber
1961166),

Interrelationships of plants with water chemistry were
reported by Straskraba (1965)'%® when foliage of dense
populations of Nuphar, Ceratophyllum, and Myriophyllum were
aggregated on the surface. He found pronounced stratifi-
cation of temperature and chemical factors and reported
that the variations of oxygen, pH, and alkalinity were
clearly dependent on the photosynthesis and respiration of
the plants. Photosynthesis also involves carbon dioxide, and
Sculthorpe (1967)'¢2 found that for every rise of 2 mg/1 of
dissolved oxygen the total carbon dioxide should drop
2.75 mg/l and be accompanied by a rise in the pH. A rise
in pH will allow greater concentrations of un-ionized am-
monia (see Freshwater Aquatic Life, p. 140).

Hannan and Anderson (1971)*¥7 studied diurnal oxygen
balance, carbonate and bicarbonate alkalinity and pH on a
seasonal basis in two Texas ponds less than 1 m deep which
supported dense growths of submerged rooted macrophytes.
One pond received seepage water containing free carbon
dioxide and supported a greater plant biomass. This pond
exhibited a diurnal dissolved-oxygen range in summer from
0.8 to 16.4 mg/l, and a winter range from 0.3 to 18.0 mg/1.
The other pond’s summer diurnal dissolved-oxygen range
was 3.8 to 14.9 mg/l and the winter range was 8.3 to 12.3
mg/l. They concluded that (a) when macrophytes use bi-
carbonate as a carbon source, they liberate carbonate and
hydroxyl ions, resulting in an increase in pH and a lowered
bicarbonate alkalinity; and (b) the pH of a macrophyte
community is a function of the carbon dioxide-bicarbonate-
carbonate ionization phenomena as altered by photosynthe-
sis and community respiration.

Dense colonies of aquatic macrophytes may occupy up
to 10 per cent of the total volume of a river and reduce the
maximum velocity of the current to less than 75 per cent
of that in uncolonized reaches (Hillebrand 1950,'® as re-
ported by Sculthorpe 1967'¢). This can increase sediment
deposition and lessen channel capacity by raising the sub-
strate, thus increasing the chance of flooding. Newly de-
posited silt may be quickly stabilized by aquatic plants,
further affecting flow.

Loss of water by transpiration varies between species and




growth forms. Otis (1914)'%® showed that the rate of tran-
spiration of Nymphaea odorata was slightly less than the rate
of evaporation from a free water surface of equivalent area,
but that of several emergent species was up to three times
greater. Sculthorpe (1967)'% postulated that transpiration
from the leaves of free-floating rosettes could be at rates six
times greater than evaporation from an equivalent water
surface. Loss of water through water hyacinth was reported
by Das (1969)!% at 7.8 times that of open water.

Interrelationships With Other Biota

Aquatic macrophytes provide a direct or indirect source
of food for aquatic invertebrates and fish and for wildlife.
The plants provide increased substrate for colonization by
epiphytic algae, bacteria, and other microorganisms which
provide food for the larger invertebrates which, in turn,
provide food for fish. Sculthorpe (1967)'% presented a well-
documented summary of the importance of a wide variety
of aquatic macrophytes to fish, birds, and mammals. Sago
pondweed. (Potamogeton pectinatus)- illustrates the opposite
extreme in man’s attitude toward aquatic macrophytes:
Timmons (1966)1%8 called it the most noxious plant in
irrigation- and drainage ditches of the American west,
whereas Martin and Uhler (1939)*% censidered. it the most
important duck food plant in the United States.

Aquatic vegetation and flotage breaking the water surface
enhance mosquito production by protecting larvae from
wave - action and” aquatic' predators: and interfering with
mosquito control procedures. Two major vectors of malaria
in the United States are Anopheles quadrimaculatus east of the
Rocky Mountains, and A. freeborni to the west (Carpenter
and La Casse 1955).1% Anopheline mosquitoes are generally
recognized as permanent pool breeders. The more important
breeding sites of these two mosquitoes are freshwater lakes,
swamps, marshes, impoundment margins, ponds, and seep-
age areas (Carpenter and La Casse 1955).*% The role of
various aquatic plant types in relation to the production
and control of A. gquadrimaculatus on artificial ponds and
reservoirs indicates that the greatest problems are created
by macrophytes that are (1) free-floating, (2) submersed
and anchored but which break the water surface, (3) floating
leaf anchored, and (4) emersed floating-mat anchored (U.S.

Department of Health, Education, and Welfare, Public
Health: Service, and Tennessee Valley Authority 1947).1¢
In addition to vector mosquitoes, pestiferous mosquitoes
develop in association with plant parts in shoreline areas.
Jenkins (1964)12 provided an annotated list and bibli-
ography of papers dealing with aquatic vegetation and
“mosquitoes.

*Generally, submersed vascular plants have lower nutrient
requirements than filamentous algae or phytoplankton
{Mulligan and Baranowski 1969).157 Plants with root systems
in the substrate do not have to compete with phytoplankton,
periphyton, or non-rooted macrophytes for the phosphorus
in _the sediments.
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Boyd (1971b),"®® relating his earlier work on emergent
species (Boyd 1969,22 1970a,123 1971a!?%) to that of Stake
(1967,1%3 1968'%4) on submerged species, stated that in the
southern United States most of the total net nutrient ac-
cumulation by aquatic vascular plants occurs by midspring
before peak dry matter standing crop is reached, and that
nutrients stored during early spring growth are utilized for
growth later. Thus nutrients are removed from the environ-
ment early in the season, giving the vascular hydrophytes.
a competitive advantage over phytoplankton. Boyd (1967)12!
also reported that the quantity of phosphorus in aquatic
plants frequently exceeds that of the total water volume.
These phenomena may account for the high productivity
in terms of macrophytes which can occur in infertile waters.
However, if the dissolved phosphorus level is not a limiting'
factor for the phytoplankton, the ability to utilize sediment
phosphorus is not a competitive advantage for rooted plants.

Further interaction between aquatic vascular plants and
phytoplankton has been demonstrated recently in studies
showing that concentrations of dissolved organic matter can
control plant growth in lakes by regulating the availability
of trace metals and other nutrients essential to plant photo-
synthesis. An array of organic-inorganic interactions shown
to suppress plant growth in hardwater lakes (Wetzel 1969,174
197117%) appear to operate in other lake types and streams
(Breger 1970,'2" Malcolm et al. 1970,%2 Allen 19717196},
Wetzel and Allen in press (1971)'7¢ and Wetzel and Manny
(1972)!77 showed that aquatic macrophytes near inlets of
lakes can influence phytoplankton growth by removing
nutrients as they enter the lake while at the same time
producing dissolved organic compounds that complex with
other nutrients necessary to phytoplankton growth. Manny
(1971,1% 1972'%4) showed several mechanisms by which
dissolved organic nitrogen (DON) compounds regulate
plant growth and rates of bacterial nutrient regeneration.
These control mechanisms can be disrupted by nutrients
from municipal and agricultural wastes and dissolved or-
ganic matter from inadequately treated wastes.

Effects on Recreation and Aesthetics

It is difficult to estimate the magnitude of the adverse
effects of aquatic macrophytes in terms of loss of recreational
opportunities or degree of interference with recreational
pursuits. For example, extensive growths of aquatic macro-
phytes interfere with boating of all kinds; but the extent of
interference depends, among other things, on the growth
form of the plants, the density of the colonization, the
fraction of the waterbody covered, and the purposes, atti-
tudes, and tolerance of the boaters. Extremes of opinion on
the degree of impact create difficulty in estimating a mone-
tary, physical, or psychological loss.

Dense growths of aquatic macrophytes are generally ob-
jectionable to the swimmer, diver, water skier, and scuba.
enthusiast. Plants or plant parts can be at least a nuisance
to swimmers and, in extreme cases, can be a factor in
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Irowning. Plants obstruct a diver’s view of the bottom and
underwater hazards, and fronds can become eptangled in
a scuba diver’s gear. Water skiers’ preparations in shallow
water are hampered by dense growths of plants, and fear
of falling into such growths while skiing detracts from en-
joyment of the sport.

Rafts of free-floating plants or attached plants which
have been dislodged from the substrate often drift onto
beaches or into swimming areas, and time and labor are
entailed in restoring their attractiveness. Drying and decay-
ing aquatic plants often produce objectionable odors and
provide breeding areas for a variety of insects.

Sport fishermen have mixed feelings about aquatic macro-
phytes. Fishing is often good around patches of lily pads,
over deeply-submerged plants, and on the edges of beds of

submerged weeds which rise near the surface. On the other-

hand, dense growths may restrict the movement and feeding
of larger fish and limit the fishable area of a waterbody.
Aquatic plants entangle lures and baits and can prevent
fishermen from reaching desirable fishing areas.

Marshes and aquatic macrophytes in sparse or moderate
densities along watercourse and waterbody margins aug-
ment nature study and shoreline exploration and add to the
naturalistic value of camping and recreation sites. It is
only when the density of the growths, or their growth
forms, become a nuisance and interfere with man’s ac-
tivities that he finds them objectionable. An indication of
how often that occurs is provided by McCarthy (1961),1%¢
who reported that on the basis of a questionnaire sent to
all states in 1960, there were over 2,000 aquatic vegetation
control projects conducted annually, and that most states
considered excessive growth of aquatic vegetation a serious
and increasing problem.

The aesthetic value of aquatic macrophytes is.in the
mind of the beholder. The age-old appeal of aquatic plants
is reflected in their importance as motifs in ancient archi-
tecture, art, and mythology. Aquatic gardens continue to
be popular tourist attractions and landscaping features,
and wild aquatic plant communities have strong appeal to
the artist, the photographer, and the public. To many,
these plants make a contribution of their own to the beauty
of man’s environment.

Control Considerations

Aquatic vascular plants can be controlled by several
methods: chemical (Hall 1961,'% Little 1968'%); biological
(Avault et al. 1968,"7 Maddox et al. 1971,'5! Blackburn
et al. 1971120); mechanical (Livermore and Wunderlich
1969*4) ; and naturalistic environmental manipulation (Pen-
found 1953).1% General reviews of control techniques have
been made by Holm et al. (1969),* Sculthorpe (1967),162
and Lawrence (1968).145

Harvesting aquatic' vascular plants to reduce nutrients
as a means of eutrophication control has been investigated

by Boyd (1970b),”2¢ Yount and Crossman (1970),'" and
Peterson (1971).1¢0 Although many investigators have re-
ported important nutrients in various aquatic plants, the
high moisture content of the vegetation as it is. harvested
has been an impediment to economic usefulness. Peterson
(1971)'#! reported the cost per pound of phosphorus, ni-
trogen, and carbon removed from a large lake supporting
dense growths of aquatic vascular plants as $61.19, $8.24
and $0.61 respectively.

Nevertheless, improved methods of harvesting and proc-
essing promise to reduce the costs of removing these bother-
some plants and reclaiming their nutrients for animal and
human rations or for soil enrichment. Investigation into
the nutritive value of various aquatic plants has frequently
been an adjunct of research on the efficiency and economy
of harvesting and processing these plants in an effort to
remove nuisance growth from lakes and streams. Extensive
harvesting of aquatic vegetation from plant-clogged Caddo
Lake (Texas-Louisiana) was followed by plant analysis
and feeding trials. The dehydrated material was found to be
rich in protein and xanthophyll (Creger et al. 1963,%2 Couch
et al. 1963'%1). Bailey (1965)"# reported an average of 380
milligrams of xanthophyll per pound of vacuum oven-dried
aquatic plant material with about 19 per cent protein.
Hentges (1970),'% in cooperation with Bagnall (1970),'*
in preliminary tests with cattle fed press-dehydrated aquatic
forage, found that pelleted Hydrilla verticillata (Florida
elodea) could be fed satisfactorily as 75 per cent of a bal-
anced ration. Brubn et al. (1971)2% and Koegel et al.
(1972)*43 found 44 per cent mineral and 21 per cent protein
composition in the dry matter of the heat coagulum of the
expressed juice of Eurasian water milfoil (Myriophyllum
spicatum). The press residue, further reduced by cutting
and pressing to 16 per cent of the original volume and 32
per cent of the original weight, could readily be spread for
lawn or garden mulch.

Control measures are undertaken when plant growth
interferes with human activities beyond some ill-defined
point, but too little effort has been expended to determine
the causes of infestations and too little concern has been
given the true nature of the biological problem (Boyd
1971b).12¢ Each aquatic macrophyte problem under con-
sideration for control should be treated as unique, the
biology of the plant should be well understood, and all the
local factors thoroughly investigated before a technique is
selected. Once aquatic macrophytes are killed, space for
other plants becomes available. Nutrients contained in the
original plants are released for use by other species. Long-
term control normally requires continued efforts. Herbi-
cides may be directly toxic to fish, fish eggs, or invertebrates
important as fish food (Eipper 1959,'** Walker 1965,
Hiltibran 1967).3% (See the discussion of Pesticides, pp.
182-186, in Section III.) On man-made lakes, reservoirs
and ponds the potential for invasion by undesirable aquatic
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plants may be lessened by employing naturalistic methods
which limit the available habitat and requirements of par-
ticular species. It is difficult to predict what biotic form will
replace the species eliminated. Boyd (1971b)12¢ states that
in some Florida lakes, herbicide applications have upset
the balance between rooted aquatics and phytoplankton,
resulting in nuisance phytoplankton blooms that were
sometimes more objectionable than the original situation.

Control of aquatic vascular plants can be a positive

factor in fisheries management (Leonard and Cain 1961) ;146
but when control projects are contemplated in multi-pur-
pose waters, consideration should be given to existing inter-
dependencies between man and the aquatic community.
For example: what biomass of aquatic vascular plants is
necessary to support waterfowl; what biomass will permit
boating; what is a tolerable condition for swimming; must
the shoreline be clear of plants for wading; will shore
erosion increase if the shoreline vegetation is removed? The

- interference of aquatic vascular plant communities in human
activities should be controlled with methods that stop short
of attempted plant eradication.

Recommendation

The complex interrelationships among aquatic
vascular plants, associated biota, water quality,
and the activities of humans call for case-by-case
evaluation in assessing the need for management
programs. If management is undertaken, study of
its potential impacts on the aquatic ecosystem and
on various water uses should precede its imple-
mentation.

INTRODUCTION OF SPECIES

Extent and Types of Introductions

Purposeful or accidental introductions of foreign aquatic
organisms or transplantations of organisms from one drain-
age system to another can profoundly influence the aesthetic
appeal and the recreational or commercial potential of
affected waterbodies. The introduction of a single species
may alter an entire aquatic ecosystem (Lachner et al.
1970).1%% An example of extreme alteration occurred with
the invasion of the Great Lakes by the sea lamprey (Petro-
myzon marinus) (Moffett 1957, Smith 1964%97), Introduced
and transplanted species account for about half of the fish
fauna of Connecticut (Whitworth et al. 1968),1* California
(Shapovalov et al. 1959),%5 Arizona, and Utah (Miller
1961).*® The nature of the original aquatic fauna is ob-
scured in many cases, and some indigenous species have
been adversely affected through predation,- competition,
hybridization, or alteration of habitat by the introduced
species. Exotics that have established reproducing popu-
lations in the United States (exclusive of the Hawaiian

5

Islands) include 25 species of fish (Lachner et al. 1970),88
more than 50 species of land and aquatic mollusks (Abbott
1950),1" and over 20 species of aquatic vascular plants
(Hotchkiss 1967)85 in addition to aquatic rodents, reptiles,
amphibians, insects, and crustaceans.

Growths of native aquatic vascular plants and a variety
of exotic species commonly interfere with recreation and
fishing activities (see p. 25) and a variety of other water
uses including industrial and agricultural use (Holm et al.
1969,18¢ Sculthorpe 1967).19¢ Water hyacinth (Eichhornia
crassipes) caused loss of almost $43 million through combined
deleterious effects in Florida, Alabama, Mississippi, and
Louisiana in 1956 (Wunderlich 1962).2° Penfound and
Earle (1948)92 estimated that the annual loss caused by
water hyacinth in Louisiana before the growths were
brought under control averaged $5 million and in some
years reached $15 million. Water chestnut (Trapa natans)
produced beds covering 10,000 acres within ten years of its
introduction near Washington, D.C. (Rawls 1964).1%% The
beds blocked navigation and provided breeding sites for
mosquitoes, and their hard spined seed cases on the shore-
lines and bottom were a serious nuisance to swimmers,
waders, and people walking the shores. Eurasian milfoil
(Myriophyllum spicatum) infested 100,000 acres in Chesapeake
Bay. The plants blocked navigation, prevented recreational
boating and swimming, interfered with seafood harvest,
increased siltation, and encouraged mosquitoes (Cronin
1967).182

Invertebrate introductions include the Asian clam (Cor-
bicula manilensis), a serious pest in the clogging of industrial
and municipal raw water intake systems and irrigation
canals (Sinclair 1971),¢ and an oriental oyster drill
(Tritonalia japonica) considered the most destructive drill in
the Puget Sound area (Korringa 1952).187

Some Results of Introductions

Some introductions of exotics, e.g., brown trout (Salmo
trutta), and some transplants, e.g., striped bass (Morone
saxatilis) from the Atlantic to the Pacific and coho salmon
(Oncorkynchus kisuich) from the Pacific to the Great Lakes,
have been spectacularly successful in providing sport and
commercial fishing opportunities. Benefits of introductions
and transplantations of many species in a variety of aquatic
situations are discussed by several authors in 4 Century of
Fisheries in North America (Benson 1970).1%

The success of other introductions has been questionable
or controversial. In the case of carp (Cyprinus carpis), the
introduction actually decreased aesthetic values because of
the increagsed turbidity caused by the habits of the carp.
The increased turbidity in turn decreased the biological
productivity of the waterbody. The presence of carp has
lowered the sportfishing potential of many waterbodies
because of a variety of ecological interactions. The grass
carp or white amur {Ctenopharyngodon idella), a recent impor-
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tation, has been reported from several major river systems
including the Mississippi as far north as Illipois (Lopinot
personal communication 1972)2 Pelzman (1971),"! in recom-
mending against introducing grass carp into California,
concluded that their impact on established game fish would
be detrimental and that they might become more trouble-
some than the common carp. This view was expressed
earlier by Lachner et al. (1970)'% in considering the impact
of establishment of the species in major river systems. The
walking catfish (C’larias batrachus), accidentally released from
outdoor holding ponds of aquarium fish dealers in southern
Florida, quickly established reproducing populations in a
variety of habitats (Idyll 1969).1% Natural ponds have pro-
duced up to 3,000 pounds per acre of this species and there
is no current American market for its flesh. This aggressive
and omniverous species apparently reduces the entire fresh-
water community to walking catfish (Lachner et al. 1970).1%8

Introductions by Official Agencies

The objectives of introductions of new species by agencies
include pond culture; aquatic plant control; insect control;
forage; predation; and improvement of sport and com-
mercial fishing. Boating, swimming, and sport and com-
mercial fin and shellfishing are influenced by water quality
and the biotic community. Lachner et al. (1970),'% after
reviewing the history of exotic fish releases, concluded that
most official releases satisfy certain social wishes but have
not served effective biological purposes, and that some may
result in great biological damage. The guidelines of Craig-
head and Dasmann (1966)!® on introduction of exotic big
game species offer an excellent parallel to the considerations
that should precede the introduction of aquatic organisms.
Such guidelines call for (a) the establishment of the need
and determination of the predicted ecological, recreational,
and economic impact; (b) studies of the proposed release
area to determine that it is suitable, that a niche is vacant,
and that indigenous populations will not be reduced or
displaced; (c) life history studies of the organism to de-
termine possible disease interrelationships, hybridization

potential, and the availability of control technology; and
(d) experiments conducted under controlled conditions that
indicate how to prevent escape of the organism.

The California Fish and Game Commission (Burns
1972)'® investigated introducing the pancora (degla laevis
laevis), a small freshwater crab, into streams -as a food
for trout to increase natural trout production and sport
fishing potential. The plan was ultimately rejected, but the
on-site studies in Chile and the experimental work in
California illustrate the breadth of consideration necessary
before any informed decision can be reached. Problems
associated with introductions of aquatic animals were the
subject of two recent symposia (Stroud 1969;%% Department
of Lands and Forests, Ottawa 1968'%3). Persons contem-
plating introductions are referred for guidelines to the
Committee on Exotic Fishes and Other Aquatic Organisms
of The American Fisheries Society. This committee has
representation from the American Society of Ichthyologists
and Herpetologists and is currently expanding the scope of
its membership to include other disciplines.

Recommendations

Introduction or transplantation of aquatic orga-
nisms are factors that can affect aesthetics, boat-
ing, swimming, sport and commercial fin and
shellfishing, and a variety of other water uses.
Thorough investigations of an organism’s potential
to alter water quality, affect biological relation-
ships, or interfere with other water uses should
precede any planned introductions or transplan-
tations. '

The deliberate introduction of non-indigenous
aquatic vascular plants, particularly in the warmer
temperature or tropical regions, is cautioned
against because of the high potential of such plants
for impairing recreational and aesthetic values.
Aquaculturists and others should use care to pre-
vent the accidental release of foreign species for
the same reasons.




WATER QUALITY FOR GENERAL RECREATION, BATHING, AND SWIMMING

Historically, public health.officials have been concerned
about the role of sewage-contaminated bathing water in
the transmission of infectious disease. In 1921, the Com-
‘mittee on Bathing Places, Sanitary Engineering Section,
American Public Health Association, conducted a study
“to determine the extent and prevalence of infections which
may be conveyed by means of swimming pools and other
Jbathing places” (Simons et al. 1922).26 The results of the
study, though inconclusive, suggested that contaminated
bathing water may transmit infectious agents to bathers.
The Committee attached special importance to the data
they collected on epidemics of conjunctivitis and other skin
diseases, middle ear infections, tonsillitis, pharyngitis, and
nasal sinus infections caused by contaminated bathing
waters. However, the 1935 Report of the Committee (now
designated as the Joint Committee on Bathing Places of
the Public Health Engineering Section of the American
‘Public ‘Health Association and the -Conference of ‘State
Sanitary Engineers) included the following statement: “The
summary of the replies in the 1921 report when considered
in the light of known epidemiological evidence, leaves this
committee unconvinced that bathing places are a major
public health problem even though bathing place sanitation,
because of the health considerations involved, should be
under careful surveillance of the public health authorities,
and proper sanitary control of bathing :places should be
exercised” (Yearbook of APHA 1936).202

The suggested standards for design, equipment, and
operation of bathing places that were part of the 1935
xreport included a section entitled “Relative Classification
of Bathing Areas Recommended” (Yearbook of APHA
1936).22 This section reads, in part, as follows:

In passing on waters of outdoor bathing places, three
dides are available: (1) the results of chemical analyses
of the water; (2) the results of bacteriological analysis
of the water; and (3) information obtained by a sani-
tary survey of sources of pollution, flow currents, etc.—
It is not considered practicable or desirable to recom-
mend any absolute standards of saféty for the waters
gf outdoor bathing places-on.any ‘of the three above
:bases.

In 1939 (Yearbook of APHA 1940)?? and again in 1955
(Yearbook.of APHA 1957),24the Joint Committee surveyed
all state health departments for additional information on
reported cases of illness attributable to bathing places, but
these surveys uncovered little definite information. Con-
taminated bathing waters were suspected in-cases of sleeping
sickness, sinus infections, intestinal upsets, eye inflammation,
“swimmers itch”,.ear infections, and leptospirosis.

Several outbreaks of human leptospirosis, which is pri-
marily an infection of rats and dogs, have been associated
with recreational waters contaminated by the urine of
infected animals (Diesch and McCulloch 1966).2° One
source-of infection to man is wading or swimming in waters
contaminated by cattle wastes (Williams et al. 1956,
Hovens et al. 1941%%). Leptospirosis is prevalent among
“wet crop” agricultural workers, employees of abattoirs,
handlers of livestock, and those who swim in stock-watering
ponds. The organism is not ingested but enters the body
through breaks in the skin and through intact mucous
membrane, particularly the »conjunct’iva..

The most recent reports on disease associated with
swimming suggest that a free-living, benign, soil and water
amoeba of the Naegleria group (Acanthamoeba) may be a
primary pathogen of animals and ‘man. Central nervous
system -amoebiasis is usually considered a complication of
amoebic dysentery due to E. Aistolytical; however, recent
evidence proves that Naegleria gruberi causes fulmenting
meningoencephalitis (Callicot 1968,2% Butt 1966,%7
Fowler and Carter 1965,22 Patras and Andujar 1966%4).
The amoeba may penetrate the mucous membrane. Free-
living amoebae and their cysts are rather ubiquitous in
their distribution on soil and in mnatural waters; and

identifiable disabilities from free-living amoebae, similar to
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the situation with leptospirosis, occur so rarely as a result
of recreational swimming in the United States that both
may be considered epidemiological curiosities (Cerva
1971).2%

In 1953, the Committee on Bathing Beach Contamination
of .the ‘Public Health Laboratory Service of England and
‘Wales began a five-year study of the risk to health from
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bathing in 's‘é’\i/vage-polluted sea water and considered “‘the
practicability of laying down bacteriological stendards for
bathing beaches or grading them according to degree of
pollution to which they are exposed” (Moore 1959).22
This committee concluded in 1959 that “bathing in sewage-
polluted sea water carries only a negligible risk to health,
even on beaches that are aesthetically very unsatisfactory.”

The consensus among persons who have studied the
relationship between bathing water quality and bathers’
illness appears to be that scientific proof of a direct relation-
ship is lacking, yet there is evidence to suggest that some
relationship exists. Some experts contend that outbreaks of
illness among bathers have not been studied thoroughly
with modern epidemiologic techniques, and that if such
occurrences were to be studied vigorously, specific knowl-
edge about the relationship of bathing water quality to
infectious disease would be established. In some studies
where bathing water was apparently implicated in the
transmission of disease agents, the water quality was rela-
tively poor, yet no attempts were made to define the specific
relationship.

Water quality requirements for recreational purposes
may be divided into two categories: (1) general require-
ments that pertain to all recreational waters, and (2) special
requirements, usually more restrictive, for selected recre-
ational use of water.

GENERAL REQUIREMENTS FOR ALL RECREATIONAL
WATERS

Aesthetic Considerations

As has been stressed earlier in this Section (See Applying
Recommendations, p. 10}, all waters should be aesthetically
pleasing, but the great variety of locales makes it impossible
to apply recommendations without considering the par-
ticular contexts, Color of swamp waters would hardly be
acceptable for clear mountain streams. Specific recommen-
dations should reflect adequate study of local background
quality and should consider fully the inherent variability
so that the designated values will be meaningful. Therefore,
specific local recommendations might better encompass
ranges, or a daily average further defined by a sampling
period, and possibly an absolute maximum or minimum as
appropriate. The best technical thought should be given to
establishment of such values rather than dependence on
administrative or judicial decision.

Recommendation

All recreational surface waters will be aestheti-
cally pleasing if they meet the recommendations
presented in the discussion of Water Quality for
Preserving Aesthetic Values in this Section, p. 12.

Microbiological Considerations

The hazard posed by pathogenic microorganisms in
recreational water not intended for bathing and swimming
is obviously less than it would be if the waters were used for
those purposes, but it is not possible to state to what degree.
Although there is a paucity .of epidemiological data on
illnesses caused by bathing and swimming, there appear to
be no data that analyze the relationship of the quality of
recreational waters not intended for bathing and swimming
to the health of persons enjoying such waters. Criteria
concerning the presence of microorganisms in water for
general recreation purposes are not known.

Conclusion

No specific recommendation concerning the
microbiological qualities of general recreational
waters is presented. In most cases of gross micro-
biological pollution of surface waters, there will be
concomitant foreign substance of such magnitude
as to cause the water to be aesthetically unac-
ceptable.

Chemical Considerations

The human body is capable of tolerating greater concen-
trations of most chemicals upon occasional contact with or
ingestion of small quantities of water than are most forms
of aquatic life. Therefore, specific recommendations for the
chemical characteristics of all recreational waters are not
made since such recommendations probably would be
superseded by recommendations for the support of various
forms of desirable aquatic life. (See Sections III and IV:
Freshwater and Marine Aquatic Life and Wildlife.)

Recommendations

No specific recommendation concerning the
chemical characteristics of general recreational
waters is presented. However, the following general
recommendations are applicable:

® recreational waters that contain chemicals in
such concentrations as to be toxic to man if
small quantities are ingested should not be used
for recreation;

® recreational waters that contain chemicals in
such concentrations as to be irritating to the
skin or mucous membranes of the human body
upon brief immersion are undesirable.

SPECIAL REQUIREMENTS FOR BATHING AND
SWIMMING WATERS

Since bathing and swimming involve intimate human
contact with water, special water quality requirements
apply to designated bathing and swimming areas. These




requirements are based on microbiological considerations,
temperature and pH, and clarity and chemical character-
istics. They are more precise than the requirements for
general recreational waters. If a body of water cannot meet
these specialized requirements, it should not be designated
a bathing and swimming area but may be designated for

a recreational use that does not involve planned immersion
of the body.

Microbiological Considerations

All recreational waters should be sufficiently free' of
pathogenic bacteria so as not to pose hazards to héalth
through infections, but this is a particularly important
requirement for planned bathing and swimming areas.
Many bodies of water receive untreated or inadequately
treated human and animal wastes that are a potential focus
of human infection.

There have been several attempts to determine the spe-
cific hazard to health from swimming in sewage-contami-
nated water. Three related studies have been conducted
in this country, demonstrating that an appreciably higher
overall illness incidence may be expected among swimmers
than among nonswimmers, regardless of the quality of the
bathing water (Smith et al. 1951,2° Smith and Woolsey
1952,%7 19612%8), More than one half of the illnesses reported
were of the eye, ear, nose, and throat type; gastrointestinal
disturbances comprised up to one-fifth; skin irritations and
other illnesses made up the balance.

Specific correlation between incidence of illness and
bathing in waters of a particular bacterial quality was ob-
served in two of the studies. A statistically significant
increase in the incidence of illness was observed among
swimmers who used a Lake Michigan beach on three se-
lected days of poorest water quality when the mean total
coliform content was 2,300 per 100 ml. However, only the
data concerning these three days could be used in the
analysis and differences in illness were not noted in com-
parison with a control beach over the total season (Smith
et al. 1951).2 The second instance of positive correlation
was observed in an Ohio River study where it was shown
that, despite the relatively low incidence of gastrointestinal
disturbances, swimming in river water having a median
coliform density of 2,700 per 100 ml appears to have caused
a statistically significant increase in illnesses among swim-
mers (Smith and Woolsey 1952).27 No relationship between
iliness and water quality was observed in the third study
conducted at salt water beaches on Long Island Sound
(Smith and Woolsey 1961).228

A study in England suggested that sea water carries only
a negligible risk to health even on beaches that were
aesthetically unsatisfactory (Moore 1959).22 The minimal
risk attending such' bathing is probably associated with
chance contact with fecal material that may have come
from infected persons. '
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Neither the English nor the United States salt water
beach studies indicated a causal or associated relationship
between water quality and disease among swimmers and
bathers. While the two United States fresh water studies
suggested some presumptive relationship, the findings were
not definitive enough to establish specific values for micro-
biological water quality characteristics. :

Tests using fecal coliform bacteria are more indicative
of the possible presence of enteric pathogenic microorga-
nisms from man or other warm-blooded animals than the
coliform group of organisms. The data for total coliform
levels of the Ohio River Study were reevaluated to de-
termine comparable levels of fecal coliform bacteria (Geld-
reich 1966).21% This reevaluation suggested that a density
of 400 fecal coliform organisms per 100 ml was the approxi-
mate equivalent of 2,700 total coliform organisms per 100
ml. Using these data as a basis, a geometric mean of 200
fecal coliform organisms per 100 ml has been recommended
previously as a limiting value that under normal circum-
stances should not be exceeded in water intended for bathing
and swimming (U.S. Department of the Interior, FWPCA
1968).2%

There may be some merit to the fecal coliform index as an
adjunct in determining the acceptability of water intended
for bathing and swimming, but caution should be exercised
in using it. Current epidemiological data are not materially
more refined or definitive than those that were available in
1935. The principal value of a fecal coliform index is as an
indicator of possible fecal contamination from man or other
warm-blooded animals. A study of the occurrence of
Salmonella organisms in natural waters showed that when
the fecal coliform level was less than 200 organisms per 100
ml, this group of pathogenic bacteria was isolated less
frequently (Geldreich 1970).2% Salmonella organisms were
isolated in 28 per cent of the samples with a fecal coliform
density less than the 200 value, but they were isolated in
more than 85 per cent of the samples that exceeded the
index value of 200 fecal coliform per 100 ml, and in more
than 98 per cent of the samples with a fecal coliform
density greater than 2,000 organisms per 100 ml.

In evaluating microbiological indicators of recreational
water quality, it should be remembered that many of the
diseases that seem to be causally related to swimming and
bathing in polluted water are not enteric diseases or are
not caused by enteric organisms. Hence, the presence of
fecal coliform bacteria or of Salmonella sp. in recreational
waters is less meaningful than in drinking water. Indi-
cators other than coliform or fecal coliform have been sug-
gested from time to time as being more appropriate for
evaluating bathing water quality. This includes the staphylo-
cocci (Favero et al. 1964),21 streptococci and other entero-
cocci (Litsky et al. 1953).218 Recently Pseudomonas aeruginosa,
a common organism implicated in ear infection, has been
isolated from natural swimming waters (Hoadley 1968)2'%
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and may prove to be an indicator of health hazards in
swimming water. Unfortunately, to date, ngne of the al-
ternative microbiological indicators have been supported
by epidemiological evidence.

When used to supplement other evaluative measurements,
the fecal coliform index may be of value in determining the
sanitary quality of recreational water intended for bathing
and swimming. The index is a measure of the “sanitary
cleanliness” of the water and may denote the possible
presence of untreated or inadequately treated human wastes.
But it is an index that should be used only in conjunction
with ether evaluative parameters of water quality such as
sanitary surveys, other biological indices of pollution, and
chemical analyses of water. To use the fecal coliform index
as the sole measure of ‘“‘sanitary cleanliness,” it would be
necessary to know the maximum “acceptable” concentra-
tion of organisms; but there is no agreed-upon value that
divides “acceptability” from ‘“unacceptability.”* Thus, as
a measure of “sanitary cleanliness,”” an increasing value in
the fecal coliform index denotes simply a decrease in the
level of cleanliness of the water.

Conclusion

No specific recommendation is made concerning
the presence or concentrations of microorganisms
in bathing water because of the paucity of valid
epidenriological data.

Temperature Characteristics

The temperature of natural waters is an important factor

governing the character and extent of the recreational ac--

tivities, primarily in the warm months of the year. Persons
engaging in winter water recreation-such as ice skating,
duck hunting, and fishing do so with the knowledge that
whole body immersion must be avoided. Accidental im-

mersion in water at or near freezing temperatures is dan--

gerous because the median lethal immersion time is less
than 30 minutes for children and most adults (Molnar
1946).220 Faddists swim in water that is near the freezing
temperature, but their immersion time is short, and they
have been conditioned for the exposure. As a result of
training, fat insulation, and increased body heat production,
some exceptional athletic individuals (Korean pearl divers
and swimmers of the English channel) can withstand. pro-
longed immersion for as long as 17 hours in water at 16 C
(61 F), whereas children and some adults might not survive
beyond two hours (Kreider 1964).27

From one individual to another, there is considerable
variatiorr in the rates of body cooling and the incidence of

* If an -arbitrary value for the fecal coliform index is desired, con-
sideration may be given to a density value expressed. as a geometric
mean of a series.of samples collected during periods of normal seasonal
flow. A maximum value of 1,000 fecal coliform per 100 ml could be
considered.

TABLE I-3—Life Expectancy in Water

(Expected duration in hours for adults wearing life vests and immersed in waters of varying temperature)

Temperature of the water

Duration 32 4 50 59 68 1. 8. %5 104F
hours [} 5 10 15 o %5 30 %5 0nee
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