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'THE INTEGRITY OF WATER

a symposium

.
[,

SYMPOSIUM COORDINATORS: ,
- R. Kent Ballentine and Leanard J. Guarraia .

~

Water Quality.Criteria Staff, EPA
WashingtonT D.C.

A3 ~

OPENING SESSION

Chairman: Kenneth M. Mackenthun, Acting Di-
rector, Technical Standards Division, Office of
Water and Hazardous Materials, EPA, Wash-

ington, D.C.
Speakers: Kenneth M. Mackenthun

James L. Agee, Assistant Administrator, Office
of Water and Hazardous Materlals, EPA,
Washington, D.C. -

Thomas Jorling, Director, Center for Environ-
mental Studies, Williamstown, Massachusetts

Donald Squires,”Director, State University of .
New York Sea Grant Program, Albany, New 1y
York

CHEMICAL IN1§€GRITY .

Chairman: Dwight G. Bal]mger, National Environ-

mental Research Center,~EPA, Cincinnati,
Ohio
Speakers: Bostwick Ketchum, Director, Woods
Hole Oceanographic Institute, Woods Hole,
Massachusetts
.Arnold Greenberg, Chief, Chemical and Radio-
logical Laborajories, State of California
‘ . Department of Public Health Berkeley, Cali-
‘< fornia
Jay Lehr, Executive Secretary, Natlonal ‘Water
Well Assocratlon Columbus, Ohio .

PHYSICAL INTEGRITY

Chairman: Richard K. Ballentine,’ Water Quality
Criteria Staff, EPA, Washington, D.C.
Speakers: Donald J. O’Connor, Professor of
Environmental Engineering, Manhattan Col-
lege, New York, New York
Donald R. F. Harleman, Professor of Civil
Engineering and Director, ( Parson’s Labora-
tory, for Water Resources, Massachusetts
Institute of Technology, Cambridge, Massa-
¢ chtsetts
John M. Wilkinson, A. D. Little, Inc., Cam-
bridge, Massachusetts

BIOLOGICAL INTEGRITY =
A QUALITATIVE APPRAISAL

Chairman: Leonard J. Guarraia, Water Quality
Criteria Staff, EPA, Washington, D.C. ™

®Speal ers David G. Frey, Indiana University,

mington, Indiana
George Woodwell, Brookhaven National Labora-
‘tories, Upton, Long Island, New York
~ Charles Coutant, Oak Ridge National Labora-
' tory, Oak Ridge, Tennessee
Ruth . Patrick, Chief, Curator of Limnology,
Academy of’ Natural Scrences, P}nladelphxa,

s Pennsytvania

' BIOLOGICAL INTEGRITY— r
A QUANTITATIVE DETERMINATION

Chairman: David G. Frey, Indiana University,
Bloomington;, Indiana
Speakers: Ray Johnson, National Sclence Founda-
_tion, Washington, D.C. . - .
John Carrns, Virginia Polytechmc Institute and
State University, Blacksburg, Virginia
Gerald T. Orlob, Resource Management
Associates, Lafayette, Califorria
J. P. H. Batteke, Chief, Social Sciences Division,
Enviro,nment Canada, Burlington, Ontario

INTEGRITY—AN INTERPRETATION

Chairman: Martha Sager, Effluent Standards and
Water Quality Information Advisory Commit-
« . tee, EPA, Washington, D.C.
Ronald B. Robie, Director, Department of Water ,
Resources, The R%sources Agency, Sacra-
mento, California

s .
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Ronald B. Outen, National Resources Defense .

Council, Washington, D.C.

R. M. Billings, Director of Environmental Con-« * .

trol, Kimberly-Clark, Neenah, Wisconsin , .
Gladwin Hill,
-spondent, New York Times, New York :

S

Following each presentation, Symposxum partici- .

pants were encouraged to question the speaker..

These discussions were recorded by aprofessiohal- .”

" reporting service and appear at the:conclusion o6f:
each paper. They have been minimally edzted sim-
ply for clarification of the spoken word in-print.

National Environmental Corre- ,
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“The Integrity of Water” results frqui‘t_he formal
papers and comments presented at an invitational .

symposium by retognized water experts represen{-
ing a variety of disciplines and societal interests.
The focus of the symposium was on the definition
and interpretation of water quality integrity as.
viewed and discussed by representatives of State
governments, industry, academia, conservation
and envirqnmental groups, and others of the gen-
eral public. The symposium was structured to ad-
dress quantitative and qualitative characteristics of
the physical, chemical, and biological propérties of
surface.and ground waters.

It is recognized .that streams, lakes, estuaries,
and coastal marine waters vary in size and configu-
ration, geologic features, and flow characteristics,
and are influencedsby climate and meteorological
events, and the type and extent of human impact.
The na’tural integrity of such waters may be deter-
mined partially by consulting historical records of
water quality and species composition where avail-
able, by’ conducting ecological investigations of the
area or of a comparable ecosystem, and through
modeling studies that provide an estimation of the

natural ecosystem based upon information avail-
able. Approptiate water quality criteria present
quality goals that will provide for the protection of
aquatic and associated wildlife, man and other
users of water, and consumers of the aquatic life.
This volume adds another dimension to our re;
corded knowledge on water quahty It brings into
sharp focus one of the basic issues associated with
the protection and management of this Nation's
valued aquatié resource. It highlights, once again,
our unqualified dependence upon controlling water
pollution if we are to continue to have a viable and
complex society. The Congress has provided us
with strong and comprehensive water pollutlon
control laws. In.accordance with the advances in
research and development and with our increased
knowledge about the environment, these laws will
receive further congressional consideration and
modification as appropriate. is through the
efforts of those who participatéd in making this vol-

ume possible that attention is focused once again on
the basic goals of water quality to support the dy-
namic needs of this generation and of others to
come. . .

Douglas M. Costle, Administrator
JU.S. Environmental Protection Agency
! ‘June, 1977 .
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. THE PROBLEM .

Ca
A

. . : °
,

Assistant Administrator for
Water.and Hazardous Matertials

-Fhe major thrust of this symposium is to more
clearly défine and delimit “The Integrity of Water.”
An individual's perception of aquatic integrity will
vary as I am sufe we shall see in the.discussions
that follow,. The ¢nhancement of water quality, as a
vital resource, i§ a challenge that must be met by
our modern sociéty: We have an innate obligation
to tHose who follow in our footsteps to deliver to
them®a watér fesource that can gneet the| usé
demands of thejr generation. Po’s'itgll?'e action to
assure attainment of this goal was initiated with the
passage of the Fedéral Water Pollution Contral Act
Amendments of 1972 (P.L. 92-500). K

P.L. 92-500 is pne of the most comprehensive and
complex environmental laws which has ever been
enacted. All facéts of the Act bear upon the basic
’god! to restore and maintain the chemical, physical,
and biological integifity of the Nation’s waters. ’J

“Thé-Act provides for an active research and de-
yelopment pmogram which addresses a variety of
issuesrdefining the aquatic environment. Key areas
focus on human health éffects of ‘water pollution,
fate and effects of poHutants on the environment,
and advanced waste treatment, technology, to name

_ but afew. Both the monitoring'of water quality and

the development of those tools essential to the mon-
itoring effort are lessential to support the overall
goal of defining the integrity of water.

Technical assistince to State and local govern-
ments is an integral part of the overall program to-
‘bring about achievement of the 1977 and 1983 goals.
This assistance takes many forms. There is an

: . ‘active intergovernmental exchange program where

Federal personnel afe loaned to alocal or State gov-
~ernment to establish programs or to help in the
-ongoing: pollution ¢gntrol program. Cooperation|in
data management ahd retrieval, sharing of techhi-
nal/State planning efforts, &l
help to establish abetter mode of communication.
Under Section 30f(a), toxic
standards, the Age,_ny has proposed a list of tozil

pollutants. However,| it should be recognized that -

,other sections of the Act, and¥or that matter, othe
legislation (Federal Insecticide, Fungicide, and
_Rodenticide Act) also can be effectively used to'con-
trol pollutants that may be toxic in certain

pollutant ‘effluent |

| ‘\ ’ ) .- . i Py ‘

A}

,

-

amounts. The foxic pollutant effluent standards are
directed against continuous discharges. Accidental
spills of hazardous pollutants are also of major con-
cern. To evolve a coherent toxic and hazardous
materidls control program on a continuing basis

provides a substantial challenge to the Agency.

The Environmental Protection Agency continues °
to emphasize construction grants as a high priority
item. Municipal projects form a central core to
many achievements of both the effluent and the
water quality requirements of 1977 and 1983. In the
past 28 months over $3.5 billion of the $9 billion
made available for construction of municipal treat- -
ment plants were obligated. About $6.5 billion will
be obligated by July 1975. Coordinated efforts by
EPA, States, and communities remain essential to
comply with the conditions for grant awards, as
well as.to see that applications are quickly proc-
essed and awarded.

« Permit compliance assurance activities are to in-
crease in this fiscal year as an outgrowth of
priorities of the previous years. Emphasis on per-
mit issuance is to be replaced by the initiation and
conduct of a compliance assurance program which
will be based upon issued permits specifying levels
of control and phased dates for achievement.

There has been a change in the Agency’s empha-
sis for achieving better water quality. The shift has

“been away from a sole reliance upon water quality
standards to a combination of best technology and
water quality standards. The shift in direction has
been dictated by passagg of the Act. Under former
law the water quality standards were the main
mechanisms by which water quality was to be

.* achieved. Under the present Act both best technol-

ogy and water quality standards are to be used to
achieve the gdals. Basically, this has been-a shift
away from dependerice upon the assimilation capac-
ity of water to one of best practicable treatment as
a means to manage effluent concentration.

This transition has taken a great deal of effort
and time. Development of effluent limits for indus-
trial categories and the National Pollution Dis-
charge Elimination System permits have necessi-
tated a major commitment of personnel. The total
effort in the first 2 years of implementation

3




‘THE INTEGRITY OF WATER

proceeded in less than ‘optimal fashion. Some steps
lagged; others were poorly synchronized with other
dependent areas. Many. of the problems resultg
from h&ving to quickly carry out the requiremen
of the Act in the time frame specified by the law.

These situations should not be repeated in the
second phase. Effluent -guidelines, water quality
analyses, and waste load allocations all should be
completed and ready for use by the time permits
addressing the 1983 requirements are ready to be
issued. Similarly, planning for the 1983 goal should
precede the appropriate construction and permit-
ting actions, and State program development under
Section 106 should incorporate the basic planning
and analysis.

There will be an increasing emphasis now in
other areas in accordance with the water strategy.
The first major thrust is to encourage States to
develop areawide waste management plans under
Section 208. In addition, under Section 303(e),
water quality standards and implementation, each
shall develop a continuing planning process to
provide a coordinated Statewide water pollution
control program. Much of the funding for the initial
phases shall be Féderal. Fiscal year-76 will
peak year for planning in this areay and the number
and extent_of plans under development during this
period 'will demand continuing State and regional
office.attention to assure that the plans effectlvely )
address all appropriate elements.

The Agency’s.dinitial thrust was to control pomt
"\source discharges. Now that the permit program is
. \under control, an increased emphasis will be'placed
. ipon nonpoint sources. The 1983 goal will not be

hieved in all cases by controlling point sources

one. Nonpomt *pollution management programs

e bemg developed or have been developed for the

nirol of siltation from construction sites, highwa

nstruction, and from silvicultural activities. Pes-
’tl ide runoff associated with lan@apphcatlon and
;h eventual contantination of water is an area of
Agency concern. As established point source con-
radl measures begm to take effect, actions should be
introduced which' address the remaining water
dudlity problems and their causes to determine
whether proposed solutions should emphasize fur-
the controls pver point or nonpomt soul es, or
some combination of the two.
o sections of the Act are useful for nonpomt
sotices management: lake restorative techniques

under Sectlon 304 (1), and clean lakes demonstratlon !
programs under Section 314. Currently, $4 million
has been allocated to -initiate State clean lakes
projects.

Another major program area is the update of
water quality standards. This continuing evolution
in standards will be initiated with the publication of
“Quality Criteria for Water.” These criteria incor-
porate the latest published scjentific information
and will be used as a basis for‘developing revised
water quality standards. The criteria also will serve
as a basis for raw water source criterja used in de-
veloping finished drinking water standards. In
order to provide a cohesive program utilizing a va-
riety of laws such as the Drinking Water Act, P.L.
93-523, and the Federal Water Pollution Control
‘Act, P.L.,92-500, a single act1v1ty can serve a dual
purpose; this is exemplified in the use of the *Qual-
ity Criteria for Water” for both the 1983 goals for
P.L. 92-500 and as the criteria for raw drinking
water sources. Another example of a collateral
effort is the monitoring data which thé\program
provided for under Section 106(e) of P.I,> 92-
These data can be used for P.L. 92-523 under Sec-
tion 1431, the emergency powers, for monitoring of

~toxic or hazardous materjals in drinking water. :

Approaches will vary in different areas, but some
common themes can be identified. Special efforts
will be takén in nearly all areas to examine the na-
ture of the urban runoff problem, including storm
and combined sewers, and to develop“the appropri-
ate strategy and tactics of control.

Public participation is an essential component in
developing and implementing water quality man-
agement choices. Those who will both pay for and
benefit from the activities must have an opportun-
ity to"provide inputs throughout the planning and
management cycle. Constructive participation, .
with resulting program improvements, should lead'
to the public supporhcrxtlcal to the achievement of
the goals of the Act. °
* Qne key to our success will be the extent jo whlch
we, a5 a society, can define and understand the
integrity, quality, and behavior of the aquatic
environment. We shall need, your input and help.
This symposium addressing the integrity of water
is but one example of the Agéncy’s desire to involve
and solicit public participation of diverse interests.
I want to thank all of you for coming and helping us.
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The 92nd Congress presented the Environmental
Protection Agency with a significant and prafound
challenge in Section 304 of the Federal Water Pollu-
tibn Control Act Amendments of. 1972. That chal-
lehge was to ‘delineate the factors necessary to
restore and maintain the integrity of waters and
the “factors necessary for the protection and
propagation of all forms of life that associate them-
selves with water. It is significant, of course, that
the words “restore,” “maintain,” and “protect”
have different connotations ih usage and different
efivironmental requirements for their fulfillment.
Webster’s Unabridged Dictionary defines the word
“integrity” as possessing the quality or state of
being ‘Complete or undivided,' of soundness, of
organic unity, of an unimpaired or unmarned con-
dition. NP

We have made every effort to permit intensive

discussion of infegrity factors in this Symposium”

with noted speakers addressing physical, chemical,
"and biological conditions amenable for the best uses

" of surface waters and of ground waters, fresh

»

. waters, and saline waters. Equally important to a
series of statements on.conditions for existence of
water’s best uses is an interpretation of the mean-

. ing of such-discussions to regulatory and planning

agencies in governments, to conservationists, to
industry, and ‘most important, to the public. In

order to achieve success, the identificatiol and

delineation of conditions rgust be followed by imple-
mentation through regul?tion or proclamation, and

" recognition and acceptance by the public.

<

Interrelated and influencing factors that affect
life in water, the uses of the water, and the users of
aquatic life span the dimensions 6f our knowledge of
the aquatic environment. It is a long-established
axiom of ecology that the physical and chemical
“composition of an ecosystem influences the life that
mdy survive and thrive therein and each spe-
cies that survives “or thrives interacts one with
another to form the total ecosystem complex. Like-
wise, the effects on a receiving waterway, either
from direct or.indirect activities associated with
man, have a significant influence on an ecosystem
and may increase its relative px?ﬁﬁ‘ction of aquatic

13

\| lake ecosystem in the mountainous terrain of Colo--

\

life or destrdy it\completely, €ither for recreatlion or
as an acceptable habitat for organisms. Thus,
, shape, depth, or contour of a *
waterway; ch in“temperature, pH, or relative

relationship of

icular, species, or misconceived .
aquatic manag&ment practices, may well result in a
mplishment that is far less than what
I believe is’a generally accepted concept of-restor- |
ing and maintaining thy integrity of water. .

‘Since investigators began to define the qualityof

_ this Nation's waters in\the, early 1900’s, we have,

recognized a general \inigqueness in individual b
character among each of dur many lakes, aswellas. °
among major reaches of oWyr rivers and streams. A

rado is far different in the nature and extent of its
components from a similar habitat 'in the agricul-
tural plains of Indiana or Illinois. Judging from-an
interpretation ¢f some names long attached to lake
waters, some such lakes have presented biological
problems from the-days when the Red Man cooked
the profits from kis hunt on their\shores. Similarly, .
a fleeting glance would be sufficient for any ‘o
server to ascertain a dissimilarity, in the potentfal
for life in water betweenthe mighty Missouri 4nd
Wisconsin's Bois Brule. Thus, the land over which a .
waterway flows or the sofl over which it resides .
ng with the physical aspects of the water body, )

determines to a considerable extent the  water’s
potential for biotic prgductivity. The meaning of
water integrity, then,|should be adjusted to en-
compass the range of idiosyncrasies of this Nation’s
many waters.

.The intent of Congress was not that we revert
each flowing stream and each lake to its jeweled

-

quality, prior to the coming of man on this continent, ,
for thdt can never be. Man has wrought many
irreversible'changes to the waterways; the cutting

.of forests, the plowing of prairie sods, the construe-

10

tion of massive highway systems, and the building
of cities have resulted in irreversible changes to the
quality of waters that have been associated directly *
or ipdirectly with these events. The Western
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States’ Water Law of Prior Appropriation and the
Eastern States’ Riparian Law of Water Rights have
particularly influenced and affected associated
waters. Envirohmental catastrophies occur, and
. affect water quality either ephemerally or for vary-

- ing periods of significant time. Floods, drought, ice,
wind, and even the recurrmg seaso?ls ha
particular effects that will vary with the intensity
of the occasion and with the type of aquatic ecosys-
tem considered.

Man, on the other hand, contmues to affect water
quahty irreversibly and often 1rreparably with his
many actions that result directly in point source
pollution or indirectly in and as a contrlbutmg
factor to diffuse source pollution. Both general
sources contribpte organic materials, inert silts,

- téxic pollutants, and nutrients &pd fertilizers that
may stimulate eutrophication. It was the intent of

, Congress that these source$ be managed to control -

pollution to the maximum extent possible and to
, restore and maintain water integrity as a result.
Other activities that require intensive examination
and decision are those that would alter the physical
characteristics of waterways, detrimentally affect-
ing their qdality. The great natural wealth that
originally made possible the growth and develop-
" .ment_of the United States included a generous
endowment of shallow water and waterlogged wet-

. lands which exist assmarshes, swamps, bogs, pot-

holes, sloughs, and river-overflow lands. We have
come’ to recognize that the wetland resource, for

e':gample represents, an ecasystem of umq&e and ]

major 1mportance td the citizens of this Nation and
asaresult, requires extraordinary protectlon‘. =
It was not, I believe, the legislative intent that
. the integrity of water be “addressed as an entity
separate from the many other mandates of the Fed-
eral Water Pollution Control At Amendménts of
1972. No single section of.that Act was meant to
stand alone. Those amendménts represent a com-
prehensive series of environmental controls and
management practices. The unstatéd goal of Public
* Law 92-500 is to restore and maintain to the maxi-
mum degree possible the integrity of the Nation’s
waters. The Act provides for grants for research

and development, for State pollution control pro-

grams, for the construction of sewage treatment

plants, for the development and implementation of.

areawide waste treatment management -plans, for
basin planning, for lake. restoration, dnd for train-
ing. It provides for the development of interrelated
standards and enforcement to control the quality of
effluents, as well as of receiving waters. These ih-
clude: the defmition of best practicable and best
available effluent qu ity from industries and
municipalities to meet the goals of the Act; the de-

» -
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velopment of water quw criteria to provide for
water that will support¥fish and recreation; the
adoption of water quality standards; the_definition
of natjenal standards of performance for the control
of the discharge of pollutants for new industrial
sQ ; the development of national toxic and pre-
tr. ent effluent standaro}is the improvement in
oil apd hazardous substances pollutlon abatement;
the management of vessel wastes; the development‘
of; provisions for thermal discharges; the develop-
ment of provisions for aquaculture; and the devel-
opment of dredged ,or fill materials criteria. A
comprehensive permit program was established to
manage discharges. These legislative mandates all
are interrelated with'the concerns of this Nation to
restore and maintain the best water quality that
feasibly can be attained through the efforts of all to
focus the Nation’s pollution management technolo-
gies orf that goal.

At every step of the way, P.L. 92- 5()0 mandates
a consideration “of environmental integrity. The
achievement of integrity clearly was considered to ‘
result from an 1mplementatlon of.all facets of that
law. Planning is a day‘to -day factor in our personal
lives; wise planning is essential to achieve envir8n-
meéntal integrity. Water quality must be of the
highest to achieve water mtegrlty Such quallty is

‘provided for in several ways in P.L. 92-500:

effluent lmytatmns that presc the maximum
degree of treatment technology economically feasi-
ble; in ambient quality standards baséd on scientif-
ically derived criteria that will enspre ligeral water
uses; and ineffluent standards for toxic substances.
Ambignt quality standards can be attained only
through appr&priate treatment of municipal
wastes. Again, the Act provides for liberal con-
struction grant funds to build treatment plants, for
research to develop innovative treatment or control
methods, for tie implementation of pretreatment
standards’ appllcable to industries that discharge to |
municipal systéms, and for the training of operators
to manage complex wastewater treatment systems.
As an entity, P.L. 92-500 provides for the Process
leading toward the attainment of water integrity.__
As a society we have become cognizant of the
economic impact of each of our actidns. This neces-
sity, sfated on many occasions throughout P.L.
92500, often results in difficult environmental de-
cisions. The statutory words “. . . wherever attain-
able . prov1de a degree of Judgmental latitude.
Prudence dictates that there are some individual
waters where a purity akin to integrity is not cost
effective. Some cannot be restored feasibly. For all
waters, however, P.L. 92-500 has become a basis
for a national water ethic. Aldo Leopold's clarion
call for-a national land ethic slowly is being realized

11" 5
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for the water.

Aldo Leopold was a giant of a past generation. He
met an untimely death in 1948, but in his lifetinfe he
was recognized as a great naturalist, teacher, and
conservationist. Writing in "A Sand County
Almanac,” which was published in 1949 after. his
death, he admonished his readers to quit thinking

about environmental problems solely from an eco- *

-nomic standpoint. He wrote, “*Examine each ques-

tion in terms.of what is ethically and aesthetically
right, as well as what is economically expedient. A
thing is right when it tends to preserve the integ-
rity, stability, and ‘beauty of the biotic community.
It is wrong when it tends otherwise.” His words of a
quarter of a century ago were germane ih their
time; they remain germane today. .
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* INCORPORATING ECOLOGICAL INTERPRETATION
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THOMASJORLING ™ | ‘
Director, Center for Environmental Studies
WilliamstowniMassachusetts
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_ In the remarks of the two EPA represen'tatives
preceding me, T didn’t perceive what I understand
to be the 1972 Amendments; perhaps I should state
a little bit about my background with the Act. I
served on the staff of the Senate Committee on
Public Works during the legislative process.leading
to the enactment of P.L. 92-500: "~

It is important to focus attention on one of the
most innovative aspects of the 1972 Amendments;
namely, the clear, unequivocal benchmark state-
ment of biospheric integrity as the objective of the
water pollution control.effort. It’s significant that it

¢

has taken 2V years for EPA to focus attention on

what is the overriding policy of the Act. The fact -

that it is 2%z years late and all other aspects of the
Act are to be implemented under that rubric may
account for many of the difficulties encountered-in
the implementation of the Act to date. I think part
of the deep concern I had"in listening to the EPA

_ répresentatives stems from their failure to inter-
. pret the specific operational elements of the Actin
terras of this policy. I hope to clarify that failure as I

. proceed. o R
“ The benchmark of biospheric-itegrity js a con-
" cept that
. ence and We will see its applicability’ in many areas
of human affairs, domestically and internationally.
For instance, as a reference in the consideration of
the ozone layer of the atmosphere, the production

¥ and usé-of energy, the movément of manmade

will extend to providing a framework of making
decisions applicable to such issues as contamination
of the oceans, interbasin {ransfers of matter and
energy, the supply of materials and water,
production, and' even the size and character of our
institutions. Yet, it is a difficult concept as the con-
ference topics themselves attest and it is a concept

 on which the dialogue level should be high.

o Prior to 1970, in‘the case of the Clean Air Act,.

and 1972 in the case of-the Water Pollution Control
Act, one would search in vain to find any statement
of public. policy with respect to the quality of the
environnient to begobtained tinder these earlier
Federal-Staté programs. Neither air nor water pol-

.t N

—

i1l have an ever-widening circle of influ- .

- <chemicals in- biogeocheniical cycles, and s3 on. It.

food -

.

lution was defined. ‘The objectives sought were
nowhere stated. The regulatory statutes which
were in effect at that time were circular, or boot-
strap ‘efforts to achieve what, rosone knew. But
whatever it was, it was to be “feasible.” .

Prior to 1972, the Water Pollution Control Act
was vague.on what Congress intended to be
achieved. It did not define or otherwise describe
water pollution. Rather, the Act stated that its pur-

‘pose and its programs and procedures were “to
achieve the prevention and ‘control of water pol-
lution.” . :

Yet, that undefined notion of what constituted
water .pollution was further qualified in the Act’s

. (enforcement authority where a court, before issu-
ing any final abatement order on whatever water ° '
pollution it found, was instructed to “give due con-
sideration .to the pragticability of complying with
such standards as may be applicable and the
physical and economic fiasibility of securing abate-
ment of any pollution.” It is not surprising, )
therefore, that abatement of water pollution was
almost nonexistent under the earlier law.

The purpose of this. conference is to discuss bio-

.. logical integrity or ecological integrity.in’ the con- -
“2-text of wat:er,pollution. I will, therefore, confine my
remarks to the Water Pollution Control Act. How-
ever, I would be remiss if I did not point out that
the ambient air standards structure and the Clean
Air Act have very similar characteristics, espe-
cially when it is recalled that the secondary ambient
air quality standard required to be achieved under
the Cleap Air Act provides for the protection of eco-
systems from any adverse effects. However, acid
rain measurements that reveal pHs as low as three
and sometimes evén below that, are being taken in *
areas (the northeastern U.S.) where the air quality”
is superiordo the secondary standard, as presently-
promulgated. Therefore, the secondary standard,
at least in the case of oxides of sulphur, is deficient. -
In singling out’the Federal Air and Water Pollu-
tion Control Laws, it should be noted that the defi-_

. ciency which I have described—the failure ‘of -
Congress to state what is to be achjieved—is not
unusual. In fact, in most modern statutes, Congress

4.
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to be achieved by the programs it effacts. Rather, it ,

has not stated with any degree of zecision what is

has granted or extended to exécutive agencies
broad, alnfest unbounded, discretior to determine
what they are todoin a particular field and the only
statutory reference is to do it within the amorphous
standard of the public interest.

This is the root cause of executive branch domi:
nance over gréss. Congress has been deficient
in -ti‘anslati‘r? the public policy it desires to be
achieved intd specific norms. Rather, it has shifted
the burden of establishing policy to the Executive
Branch with few, if any, guidelines or criteria as to
what, when, even how public policy is to be carried
out. In such a situation, the Executive Branch be-
comes the forum in which negotiations are con-
ducted, neggtiations which really have no clear
articulation of the alternatives or the assumptions.
Perhaps that is sufficient in the regulation of busi-
ness practices, consumer protection, and in other
areas, but I doubt it. It is clear that such an ap-
proach is insufficient when the character of the life
support system is at issue.

Incorporating ecological principles into a-
tory statutes is not easy. Two quite different sets of
problems are involved. The first set

- philosophical, and the second practical.

In considering the philosophical, it is necessary to

contrast the new program enacted in 1972 with the

program it replaced because the two provide a con-
ceptual framework in which to compare strongly
divergent assumptions.-Under the earlier program,
the basic assumption was that the bjosphere, and in
particular the water component of the biosphere,
was to be, and -in fact existed to be, used. The
specific language of the statute reflected this con-
cept and we heard it described in both EPA
presentations earlier. The measure of water quality
was to be its “beneficial use.” Without getting into
the debate on the historical origins of the concept of
“use” that have been described by Lynn White and
others, it is sufficient for. our purposes sim say
, that earlier pollution control law. was based on the

" assumption that the components of the environ-

“ment existed to be used by man, a creature that
“somehow existed apart ffom and. beyond the bio-
sphere. P : .
The new program has a different underpinning.
It assumes’ that man is a component of the bio-
sphere and that relationship we seek to achieve
with the environment is what some have rcalled
“harmony.” Under this view, man ig an integral, if
dominpant, part of the structure andffunction of the
biosphére. The intellectual roots of this perspective
are found in the study of evolution. The objective of

*
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communities after biogeochemidal cycles with a’
minimum departure from the geological or back--
ground ratesof change in the biosphere. '
Within the subset of issues under the label “prac- -
tical,” we-are looking at theé question of whether or
not a program which is established to achieve some-
thing—a principle, a.purpose or an objective —will,
in fact, achieve. it. We must examine the age-old -
maxim, is if enforceable? Again, a comparison of

the old with the new program provides insight into

.the tremendous differences relative to practical and

-

enforcement questions. .

A program premised upon®the establishment, of
acceptable beneficial uses of water has inhérent in
it several layers of legal cause and effect relation-
ships that: enable easy frustration of enforceable
requirements. ‘First of all, there must be some
notion, to the point of agreement, on what consti-
tutes a “beneficial use.” If we look_ at the old pro-
gram we find that beneficial uses supposedly
included .public water supplies, fish and wildlife
protection, agricultural, tndustrial agd other uses.
Following the establishment of the beneficial use
for the water in question, there had to be agree-
ment on the criteria or seientific numbers for pollu-
tants which would establish and maintain the level
of quality of the water .which would allow carrying

. out the supposed use. It should be no surprise that

the program did not speakin terms of specific pollu-
tants. Rather, it referred to what, in fact, are
effects of pollutants: BOD, chemical oxygen
demand, pH, turbidity, suspended solids, and the
like. The earlier program included a calculation of
“the assimilative capacity” which can be defined as
that volpme of pollutants which could be processed,
treated, or' otherwise disposed of in the receiving °
waters while still maintaining the designated use.
The calculation of such an assimilative capacity

-assumed knowledge of the structure apd function of

the aquatic ecosystems over long periods of time,
which simply doe$ not exist and will not exist into
the indefinite future. Consequently, assimilative
capacity became a rather rough, negotiated esti-
mate, often made by lawyers and engineers, cer-
tainly not by biologists, of what waste treatment
services could be rendered by a particular reach of
water. This calculation, or more accurately negoti-

' ated agreement of assimilative capacity, coupled

with a determination of acceptable beneficial use
and an agreement on the specific numbers or,

“criteria, created circumstances in which compro-

mise and indefinite delay operated to frustrate

enforceability. . -
. Let\us consider, for instance, what was ineluded

in any estimate of criteria of water quality neces-

this concept is the maximum patternjng of human \Sary to meet a given use. There must have been a

L3
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prior estimate of the amount and effect of the input
of pollutants from upstream waters. There must
have been a prior estimate of the cumulative effect
of all pollutants on downstream waters, especially
the oceans. And we must continually recall that
rivers contimue to be the most significant contribu-
- tor of pollutants'to the estuaries and.the ocean.
‘There had to be a prior estimate of the amount and
“effects of knowable’ and unknowable nonpoint
sources of pollutants. There must have been a com-
plete’ knowledge of all components of the waste
“stream which, as the EPA rppresentatives earlier
{it the present time.
There must be complete and accurate monitoring of
both the waste discharge stream and the ambient
environment, another factor which does not yet
exist. ‘ .

It must be emphasized that all of these estimates
. were highly amenable fo negotiation and to compro-
mise and;, more importantly, contained extrerhely
high probabilities of error. It must also be empha-
sized that all of these estimates would have to be

established before any consideration was given to
* determining effluent limitations or controls applica-
ble to specific sources of pollutants.

Error in any sequential program in which later
estimates are based upon prior estimates is multi-
plied in the final result. So, in addition to concepts
such as beneficial use and assimilative capacity, the
control program requiredfurther logical gymnas-
ties such as the provision of mixing zones which, of
course, are defined as those areas of greater or les-
ser distance around an outfall’source in which meas-
urements are not taken. Mixing zones are strictly
for the purpose of allowing another layer of negotia-
tion and compromise, always with the burden of
proof on the government, the public, and™the
environment, .

_ The, net effect of the program was the application
of controls which were fully in accord with and
acceptable to the interests of the diSc%hge source.
More importantly, the whole progkam assumed
that-matter and energy moved in linear pathways.
It was fundamentally opposite to the notion of keep-
“  inf matter and energy within constraining circleg

cycles.

j The practical aspects of the‘new program require
controls to be-set for sources of pollutants without
regard to_the ambient environment. The control
measures adopted are referenced to the present
ability to recycle materials, energy, and water
within the overall objective .of complete recycling
systems for industrial, mupicipal, and agricultural
activities. There are, to be sure, opportunities to
apply other factors in the consideration of what con-
trols are to be imposed at particular times. The Act

~
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is structured so that time. itsglf is the major factor,,
as performance of sources ) ill be reviewed regu-
larly every 5 years, always under the overall policy
of looking towards the reclaiming of pollutants and
the recycling 'of water. It is*a happy coincidencé
when enforceability and the philosophical premise

- neatly complement each other,

It.is appropriate now, almost 2 years and 6
months following enactment of this major change in
public policy, to review how it has be'tn réceived
and implemented. Many good things' have hap-
penéd. Perhaps this conference is oné of them, late
though it is. I will not sperid time reciting what
good has been done, but rather focus on certain ele-
ments of the implementation process as they relate
to the concept of ecological integrity.

Here the results are not so good. Let us look at a
few specific examples. The first from the municipal
waste treatment program. Along about 900, legiti-
mate concern with disease, especially cholera dnd
typhoid, led to radical change in the view of mu-
nicipal waste in this country. Prior to that time, the
perspective, where there was one, was generally
compatible with modern ecological principles. How-
ever, at about that time and in large part con-
tinuing throygh to today, our efforts at handling
municipal waste ‘shifted to a policy that can be
characterized as chlorinate and dump. This notion,
incidentally, based on the premise that the natural
water sysfems perform waste treatment services,
was greatly facilitated by the program of pollution
control in effect prior to 1872.

Possibly reflecting the rural charactgr of our pop-

ulation before 1900, it was common to incorporate

sewage through the application of such “waste” to
the land and agricultural activities —so-called sew-
age farms. In a word, nutrients of high value were
returned to the biogeochemical cycles from which
they came. Evenin large communities, such as Ber-
lin, Pariggand Melbourne, sewage systems had _ihls
characteristic. -~

In an ecological context, they make sense. But
the sense they make cannot be made clear unless
the -components of municipal waste are broken
down into. their specific biological; cliémical, and
physical characteristics, & trilogy of words that
appears often in the new Act.

Thus, under. the 1972 Amendmengs, the EPA
Administrator was given 1 year to translate the old

. sanitary engineeringnotion of secondary treatment

into a definition conforming to the requirements of

the 1972 Act: specifically, to write an effluent limi- -~

tation at the level of performance achieved by sec-
ondary treatment, as defined in Sectjon 502, a
restriction “established by a State or the’ Adminis-.

trator on quantities, rates and concentrations of -
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chemical, physical, and biological and other constit-
uents which are discharged from point sources into
the navigable waters.” .
The Administrator, after the lapse of more than a
year, promulgated an effluent limitation for secon-
dary treatment which was written in terms that
could have been written.in the 1920’s. Secondary
treatment was defined on August 17, 1973, in terms
of BOD, suspended solids, pH, and fecal coliform
content. Such a definition reveals no understanding
of the ecological character of municipal waste. BOD
is not a pollutant, it is an effect of a class of pollu-
tants of organic character. »
Municipal waste is comprised of, among other
things, phosphorus, potassium, and nitrogen, the
standard nutrients of commercial fertilizer. These
materials should have been incorporated into a new
ecological definition of secondary treatment. Yet,
this was not done and has not yet been done.
Similarly, since municipal waste is, by the
promulgated definition of EPA, considered to in-
clude only those things which cause the effects
recited in the definition, there is no recognition of
‘the fact that many exotic chemicals, including
heavy metals and pathogens, are working their way
into the municipal waste streams as a result of the
use of such materials-in industrial operations, hos-
" pitals, and &ven in household cleaners and the like.
Until we move to the identification of the specific
biological, chemical, and physical constituents of
the municipal waste stream, we are not going to be
given the conceptual framework in which to move
towards recycling.

More ominous than the activity of EPA in defl:n-‘:
ing the secondary treatment effluent limitation has

been the interpretation of the Phase II or 1983
requirements for municipal waste treatment sys-
tems. These are termed in the Act as the “best
practicable waste treatment technology.” Ugder
the Act, as recited in Section 201, these require?
ments are to provide for “the reclaiming and re-
cycling of water and the confined and contained
disposal of pollutants so they will not migrate to
cause water or other environmental pollution.” ~
‘Rather than promulgate a specific effluent limita-
tion for the spécific and different systems that meet
this test, EPA is now defining the Phase II require-
ment in what can be characterized as an ambient
water quality standard. ( .
This failure of EPA to translate the municipal
waste treatment requirements specifically in terms
of recycling flies in the face of the Act and is poten-
tially the most damaging aspect of i mentation.
If continued, it will prevent any restructuring of
society in accordance with ecological integrity. One’
would hope that as'the Agency continually evalu-

-
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“4tes its position it will act i1l a manner more N
sistent with the spirit and the letter of the law.
A second example. Many States and the EPA are
issuing permits under Section 402 which speak in
terms of mixing zones even though the definition of

effluent limitation under the Act does not admit .

such a concept. The Agency continues to opt for
escape from éenforceability which the mixing zone
represents. A mixing zone always affords an
alleged polluter the defense that it was not his efflu-
“ent which caused or contributed to the violation at
some arbitrary circle around an outfall, but rather,
~~to plead and shift the impossible burden to the gov-
ernment and to the public, that it was the upstream
" .waste load, or even the flow characteristics of the
stream:that caused the pollutioni. )
Mixing zones are inherently unenforceable. In
fact, under the Enforcement Section, Section 309,
there is no ‘statitory authority to enforce such
“provisions. L. . v
Perhaps th most important aspect for the eco-
logical notion of reincérporation of matter and
energy into biological cycles has been woven into
the Act in Section 208, the Planning and Manage-

- ment Section. In part, this process should have -

been viéwed by the Agency as an educational
opportunity for the citizens of this coun
add here that before educating the citize
country, I would have hoped that EPA would
sponsored within its own structure and for its o;
:-personnel a program similar to the Water Quality

Institutés for citizens that were sponsored by the _
- _Conservation Foundation throughout the country. I

think it's very important that everyone be educated
to the new concepts that are in this Act. .
> We have come a long way from our rural tradi-
tion, where experience with growing organisms
was a part of everyday life, to the point where 3
great majority of our citizens live in urban concen-

trations and have no experience with living sys- .

tems. Food, energy, and housing tend to be viewed
in such a culture as simply technological products.
So also the management of waste. Yet ultimately,
all “of these life support -requirements drawn
from and have their source in the biospheré.
Section 208 provides an opportunity of great sig-
nificance to view human habitations from the per-
spective of ecological systems, to incorporate
nutrient material back into the cycles from which
they came, and to prevent the escape of exotic
chemicals. However, as part of the general resist-
ance of this Agency and the Administration to Sec-
tion 208, this educational opportunity has fallen by
the wayside. Our urban citizens are not being given
information._concerning the nature of so-called
waste mam and the possibilities of including it in
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the production of, for instarce, foodsiqﬁs. Rather,
they are simply told that the wWaste treatment prob-
lem is an engineering _problem. “Pour-concrete on
- jt” is the message. T
Food, energy, and materials areall being pro-
duced at greater and greater distances— geographi-
cal and technological distances—from our people.
uch remote systems make-population centers very

vulnerable to disruption and hostage to systems of

delivery. .

The water pollution control program-coiild have  DISCUSSION

provided a counterpoint to such trends. It could and
should .enable us to look at the structure and func-
tioning of human communities, much as we ook at
natural communities, in terms
cycling. We could and still can, under the Act, Ygove
in these directions.

In addition to the specific areas where implemen-

tation has failed to live up to the promise,and pur- ’
pose of the 1972 A‘m‘@?dments-—the policy of ecolog-

ical i’r‘ltfegrity—ﬂlere( has ‘been a.growing trend to
impose so-talled balancing, tradeoff, or benefit cost
-analysis in establishing goals, objectives and other
requirements under the Act. . '
Cost and benefits are inextricably a function of
the system in which they are applied. They operate
as positive anggpegative feedback mechanisms to
keep the system on the course on which it is em-
barked, whetheror not we know where it is going.
Perhaps here it might be useful to add what I think

is an accurate description of where our system'is .

poing. 1t comes from H. G. Wells’ lament in the
classic paper, “Mind at the End of Its Tether.”

“Everything was.driving anyhow to anywhere at
a steadily increasing velocity.”

Simply put, applying costs and benefits assures
that society will not materially change; for, by defi-
nition, any change which would cause a significant
_alteration in any pattern of the existing society in
terms of employment patterns, altered consumer
patterns, reducing or limiting the amount of capit

OVERVIEW
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" It provides a planning and a regulatory mechanism.
It provides an opportunity, if we use it,.to look at

- the struéture and functioning of human commupi-
ties as elements in the overall bio ;Zeare and make
judgments about the life support requirements of
those human communities. ~ .
. Thisis a tall order. Yet it is the direction in which
we,must moveit is the legacy of the concept of eco-
logical integrity. oot .

.

’
.

Comment: JJnder CFR-133, .our Agency has de-
fined secondary treatment in terms of efflnent
levels; that is, for BOD, suspended solids, and
microbiology. There is an effort afoot now to re-

‘ move the microbiological effluent 1ével from that
definition based upon the justification of conflict of
beneficial uses and energy requirf/e,ments. I'm just
wondering if you would like to say a little bit about
that. '

Mr. Jorling: Curiously enough, the fecal coliform

-is the only specific pollutant which is included

", within the definition. It is something which is dis-

- chgrged and is measurable’ specifically. I suspect
it’s not just coincidence that it is a'specific pollutant
and that there afe attempts to remove it from the
definition. - ‘ .

With that much said, I'm still concerned because
I do believe the singular attention to fecal coliform
is unnecessary. There should be attention towards
all the pathogenic materials in the municipal waste
stream. But such attention should be referenced to
specific pathogens and not so much to E eoli. Of
eourse, it’s an éasily identifiable bacteria and we
had, back in the early stages, of public health, the
ability to test for it. Then followed guilf by associa-
tion—if you found E coli you also had cholera and
other potential disease causing organisms.

I think we should go beyond that stage now, plac-
ing less emphasis on fecal coliforms and flove to

<~ other systems of waste treatment management and

orits return, or whatever, is an unacceptable cost. ®z-focus on the more commonly known and also more *

Thus, applying benefit and cost analysis assures
that our society will fiot change. The crucjal ques-
tion is whether the crusade to benefit cost or bal-
ance every decision, especially decisions relating to
public policy objectives, will do anything more than
improve the eafeiziency of the society in moving
along its course. My answeris, probably not. That
is, not until society comes to terms with at least
some basic elements of its destiny. Benefits and
cost Should determine mieans, not ends..

The 1972 Amendments’ Statement of Ecological
Intpgrity is a statement.of ends. That is, what is to
be achieved. Put this way; it provides pegspective
within which to make judgments about our futire.
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pathogenic materials in
stream.
Comment: How do you protect the integrity of
the ground water with application of land treat-
" ment systems? Are the two integrities compatible?
Mr. Jorling: I believe so, with effective manage-
ment. I don’t think if you're considering reapplica-
tion of waste water to agricultural, aquacultural,
silvicultural, or other activities, that you just
indiscriminately apply that waste to the'soils." What
you do is make studies of the particular climate,
geological factors, and soil formations you are
working with and include within those calculations
ground water considerations.

the. municipal »waste
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I don't think there's anything incompatible be-
tween the two. Properly managed, a system of re-
application of waste water to the Jand can be done
without jeopardy; in fact, it can enhance, in the
sense of not depleting, the groundwater system.
Comment: Do yqu think that a significant retool- °
ing of what is no e sanitary engineering com-
munity would be required before any significant
move to the recycling system with regard to munic-
ipal waste? .
Mr. Jorling: I guess, to be honest, a brief answer o
to that question would be “yes.” The sanitary
engineering cominunity, primarily the .consulting
engineers who advise the communities around the
country of what their problem is and how to solve
it, has long, tenuous roots in water pollution con-
. trol. It goes back to the problems with disease that
Imentioned in my statement and the chlotinate and
dump philosophy. Retooling is a difficult thing to
achieve in any situation. I would hope at least edu-
cational efforts would be undertaken. Yet, from the
perspective that I now observe the program, that
is, from a community that’s trying to put in a waste

. treatment facility, it's obvious that there is nothing
from the top coming down to the regional offices, to
the States, or to the communities with respect to
these concepts.

Rather, the attitude is still, very simply, pour
concrete on it. Pull out the old form forea secondary
plant, like"a lawyer pulls out.a will, and build it.
That's what we still observe. So we do need. a
tremendous amount -of innovation and education
within the structure of the water pollution control
program as well as what I suggested, which is an
educational effort among the citigens of the country
on what their life support neéds and requirements
are. - vy s

Comment: I'd just like to comment’ on this ex-
change that took place. In Illinois we have had over

. the past few years at-least two significant major

) |

<

Y -

o

THE INTEGRITY OF {WATER

' v

- e i

<

Ry

¥

proposals fof wésteviate}"rggyclingeor some form of

recycling of municipal waste on.a

them has been implemented by Metropolitan Sani-
tary District of Greater Chicago in“their prairie

plant. The other, the infamous st

-
-

R

large scale. One of |

udy.of the.Chicago

District borps of En

ginegrs has not been fmple-

mented and, I think it’s safe to say, won't be. In - -
both cases,. these aré. proposals that have Been’ ,
made by the sanitary erigineers and have, ruif up
against a great deal of extreme resistance; not by’
the urban people.who are generating the waste, no
by the technical people who must design the sys-
tem, but, surprisingly enough and I think counter
to your comment earlier, by the rural ;‘esidgnﬁs-who
don’t want that Chicago waste material deposited
upon their farm lands. Would you care to comment
on that problem? * <
Mr. Jorling: I'm not as familiar with the circum-’
stances of this as you are; but I do recognize the
‘accuracy of your comment that the opposition Was_
generated in the northern areas of Indiana. I'm not
sure that thie reaction had its initiation with the,
rural residents as much a3 it had with-some of the
political representatives of those people. Once the
omentum of reaction was established it was im- y
possible to reinject rationality. It became impossi-
ble, to consider what the material was and what it
“could represent. I think, also, the Corps of Engi-
neers and the Environmental Protection Agency in-
stead of operating in diverse directions when that
study, was being performed could have worked in
harmony with the 1972 Act and could ‘have over- _.
come a Jarge measure of that opposition in advance
instead of just standing above Northern Indiana, s )
it were, proposing to drop‘all the waste of Chicago
on it, “unbeknownst to the people of Indiana. Until
that time there could have been much more work-
ing with people. Section 208 ineidentally, provides
- that vehicle,,
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)(éarly 10 years ago there was anothef “integ-
‘rity” conferefte here in Washington.! While the
subject: of that conference, The Integrity” of

Science, dealt with a very different issue,@here are’
some interesting threads leading from it to our .
present meeting. Barry Commoner, in speaking of °

the issues. touched on in The Integrity of Science,
said, O :
There are serious disparities between the traditional princi-
ples of science and modern realities. Perhaps the old ideals
are no longer valid, and ‘the present departures from them
are a successful adaptation of science to its iew position of
power and importance. Or are the traditional principles of
sciente still applicable? And in any case, what are the conse-
quences of the growing tendency to encroach upon them?
Does this tendency weaken s¢ience and impair its technglog-
.. ical usefulness; could it cause some of the evils which seem
«  to follow so closely on the heels of modern scientific
progress?-? .

We have seen science assume a greater role in
our lives and become a powerful political force. At
first the change was manifested in the adoption of
new technologies, with the engineer assuming in-
creasing importance, then the physicist, the biolo-
gist, the chemist. In the past decade’'a new disci-
pline has risen to a preeminent role in charting the
course of political action both through shaping pub-
lic opinion and through direct political action—that
discipline is ecology. -

. Another alteration in the role of science in our
society results from the conflict between the in-
creasing rate of societal and technological innova-
tion and the Time available for research. Scientists
must perform the necgssary experiments to ob-
serve and measiire the effects of such change and
innovation. But, while we have been very busy
observing, notingand quantifying, we find that the

<informational base needed to cope.with present
knowledge demands is sadly lacking. Joel Hedg-
peth has suggested that “the search for simple
approaches and magic numbers that may be ob-
tained with relative ease has led some pragmatic
ecologists down the primrose path of theoretical

ecology.” * While I do not really relish initiating a .

debate on the subject of theoretical ecology, it does

-“educat
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seem to follow that scientific method may be re-

j%nding to the pressures for immediate analysis of
~e

ironmental change. How else’ could such won-

derful expressions as pre-site survey }nd post-site -

survey have enteréd the vocabulary” of even the
undergraduate student?

The need for data is clearly outstripping the abil-
ity of séigncg  tosproduce. ‘As a result ists now
more frequently appear in the pﬁblic forum to
argue a fiase without the conclusive factual informa-
tion reqijred by them some years ago. The simple

‘fyzt of the matter is that decisions affecting our

‘pur futires are being made each day.’
Unless wé, who have technical information, or even
ppinions,” participate in those decisions,
we shall nbt be able to look back and be critical —
there may be no point trom which to look back. The °
increasingly important role of technical information
in decisionmaking results from the technological
explosion brought about by scientific advance. We
cannot abrogate our responsibility for participating
in making decisions abbut our lives and our futures.
Our present seminar concerns intégrity of water.

. We are called upon to address this subject because

of the federal degislation éntitled Federal Water
Pollution Control Act Amendments of 1972, which ,
states in its Declaration of Goals and Policy: “The
objective of this’ act is. to restore and maintain the
chemical, physical, and biological integrity of the
Nation’s waters.” Walter Westman reviewed the
debates that led to the wording of the act:

Controversies surrounding the dfafting of water pollution

~  control legislation are often pased on differences in the

ultimate water quality goals sought. Less obviously, but no
less importantly, the controversies are usually rooted in
fundamentally different. methods of conceptualizing the
nature and behavior of pollutants. These djfferences are of
crucial significance, sifice they Have. influenced the
strategies for legal control of water poljution not only in the
United States but in many other partsiof the world. . .. I
will . . . [use], for want of Better terms, iwo rather emotion-
laden wordy to characterize the viewpdints: téchnological
and ecological.* 7 '

The importance of what we are.gfi’gut in these
days rests not only in our specific charge, the dis-

A
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" us who deal with the

d

cussion of the meaningof integrity asit is applied to -

the Nation’s waters, but also in a fundamental issue

of the responsibility of science. The Federal Water

Pollution Control Act Amendments of 1972 contain
a basic,philosophical shift in_.water management

from one of stahdards (technological approach) to _

«

one of ihtegrity (ecological approach). This is a sig-
‘nificant achievement. - .o
Science has'a new set of responsibilities, some of
which my -colleagues do not feel comfortable-with. I
bglieve -}thab Barry Commoner’s words on the
integrity of science are useful to us today, but in a
différent context. Science has a new responsibility,
one not often faced up'to—that is, the responsibility
for assisting, more than ever before, the amor-
" phous group'we academics tend to lump together as
“decisionmakers” in making decisions which affect
us all and.in taking action in the absence of informa-
- tion and data. In doing this, we step outside the
traditional conservatism of science and enter into a
-role emphasizing the disparity between “traditional
principles of science and modern realities.” Qur
! toward a definition of integrity
application in regulating the
. R

Nation’s waters. | _

I am somewhat awed at being the fgst of the
speakers from -thé scientific commuhity, sur-
rounded as I am by s¢me of the leading ecologists in
the country. My ow knowledge of water quality
.and aquatic ecology is\limited. My present role as a

director of a Sea Graflt program has placed me in _

the context of a pragmatist concerned with the de-
velopment of the resoutces of the marine énviron-
ment and only indirectly\with the question of water
quality and its monitoring and regulation. Thogg of

ever; are rapidly becoming highly sensitized to the,
rapid decay-of the quality 'of that last repository of
wastes—the océdns. Within my-own State's wa-
ters, we have two outstanding examples of the
uncontrolled impact of man: Lake Erie and New
York Bight. Wé have alse seen, in New York State,
thehrespOnse of citizens dnd of the aquatic environ-
ment itself to a vigorous program of water quality
imp‘roven)ent—a dramatic change in ecological, so-
cial, aesthetic, and economic values.

A small Sea Grant-sponsored study of the
property values of Chautauqua and Erie Counties in
New York showed that from 1955 to the present,
land values along Lake Erie did not increase (in con-
stant dollars), while those of small, “pristine” (but
ecologically threatened) Chautauqua Lake in-
creased over fivefold.* Other economic factors
such as tax revenues, employment, and recrea-
tional utilization are similarly linked to the per-
ceived value of the aquatic resource. Popular

. +-.THE INTEGRITY OF WATER

rine environment, fow* .

s
attitudes can be changed and are thanging in the
region mentioned as citizens become aware of the
_revitalization-of a Pesource. There is, therefore, an
* economic and sécial return to be obtained from im-
proving water quality. o .

The real issue-is, however, much more funda-
mental and far-reachipg. Some set the issue at the
point of survival foﬁlhe human species. In this con-
text, it might be well to look for the antecedents of
the concept of integrity as applied to water regula-
tion. It is my understanding that our colleague
George Woodwell proposed this concept in a letter
to Senator Muskie in 1971. I am certain that one can
trace Dr. Woodwell’s concern far back through his
prolific writings as well as follow its expression for-
ward in some of his latest articles. Dr. Woodwell’s
basic argument, ‘as I see it, is that we are really
addregsing only one aspect of the fundamental
problernWhen we look at water quality. We are.
seeing only, a part of the impact of marf's burgeon-
ing population upon the life system of t i$ planet. In
the public ‘mind, the population issue has taken
second place to the immedjate problem Sf energy
supply. The preeminent concern today is the human
activity generating energy. Woodwell has stated;

There is a common tendency to think of presdures on the
environment as direc\tly correlated with the-growth of popu-
lation; and so they are, The population of the earth is ex-
pected to double in the next 30 to 35 years. But pressures on
the environment are also a uct of human activities.” . . .
there are abundant signs that-growth in human influences
has already progressed to the point where . . , individually
small insults are worldwide . .”. we are hanging the
physics, chemistry, and biology of the whole éarth, a clear
sign that growth in the aggregate effect of man has already
¢ exceeded the point.where we can rely upon the classical
assumptions about further growth.t -

We are fortunate that a colleague, Walter West-
man, ,was involved as a “full-time ecological -
advisor” during the drafting of .the Federal Water
Pollution Control Act Amendments of 1972, and
even more fortunate that he did us the great serv.
jce of summarizing that enterprise from the view-
point of the ecologist. . -

I should like now to Teview the fundamental
change that occurred in water quality legislation,
and I shall lean heavily upon Dr. Westman'’s article
in so doing. Westman usefully contrasted what he
termed the “technological approach” and “ecologi-
cal approach” to water pollution control in five leg-
islative “issues”: water quality goals, mode of treat-
ment of pollutants, mode of eclassification of
pollutants, mode of monitoring the success of pollu-
tant reinoval, and the legal point of control. “

ISSUE ONE—~GOALS ‘
Tom Jorling has already pointed out that one of

EIY




< the great-deficiencies'of previous attempts to con- ‘
trol water pollution was the absence of a ¢learly

stated goal. In so doing he stated what might be

called an “ecological imperative”—that is, it is

imperative for ecology to be utilized. Jorling said
“_ . .due consideration to the.practicality of com- :
plying with such staridards ‘ag may be applicable

. and the physical and econoniic feasibility of sécut-
ing abatement of any pollution.” The 1972 Act,,
howevet, clearly states that restoration and main-

.tenance of the physical, chemical, and biological

trasts with previous definitions, which were
couched in terms of man’s uses of waterways. This
change sets a higher goal,” which, I am sure it will
be argued, places, an unnecessarily high cost upen
society. Many take the contrary position on the

asis that the natural state has the ability to main-
tain itself without the technological intervention of
man, in itself energy consumptive.

Also embedded in this statement of goals is the
ghange in thinking with regard to the concept of
“assimilativg capacity.” Ecologists argue with con-
siderable 'fogce that there is no assimilative capac-

tem at some point—immediately or in the “far
field.” We have difficulty in predicting the fate of
pollutants. - John Cairns has stated: “Anything
added to or removed from natural waters will
probably cause'’some change in the system,
whether naturally or by the activities of man. Our
perception of these changes is limited by the preci-
sion of our assessment methods and by the limited
background information on the structure, funétion,
and rate of change of natural systems.™*®
Westman called attention to“the inadequacy of
->the human-use, approach to water quality stand-
ards: “This kind of assumption [assimilative capac-
ity] is made throughout any use-classification sys-
“tem for streams, almost invariably without a de-
tailed foreknowledge of the fate of pollutants in the
stream.” We are continually plagued by the ab-
sence of knowledge or data; we cry out that we can,
not answer“the question—yet. As we move from
the concept of assimilative capacity, and its corol-*
lary human-use standards, to the concept of integ-
rity, we will have to answer the question of what
integrity is. I am sure that we shall also be asked,
how do you measure it? R -
My esteemed colleague, the peripatetic marine
ecologist Joel Hedgpeth, in writing on the Impact of
. Impact Studies, called attention to the problems
caused by our own uncertainties about natural bio--
logical systems. He said: “From the more practical
viewpoint, however, the requirement that the po-
tential /effect of projects upon the environment be

/
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- waterways shall be its goal. This, of course, con- .

ity, that any additive has some gifect upon the sys- -

- 17
e"stim;ated has produced a conﬁxsed ferment of eco:
logical studies in which still untested theories may
be frozen into bureaugratic procedures and inade-
quately trained personnel may bé canonized ‘as con:
sulting ecghagists.” 1 '

' SSUETWO-MODEOF , . * °
TREATMENT OF POLLUTANTS

- The ecological approach to t,héfproblem' is, of
course, to eliminate the distfrarge of wastes into
water- bodies and to emphasize the recycling of
“wastes and the utilization of land-use ‘controls for
the nonpoint sources. Unhappily, although some

L]

claim -that answers to this approach are at hand, .

there are many yet unsolved problems, and we find

at in several cases there'ig not yet a “technologi- ™=
cal fix” but rather only a movement of the “prob-+ -
lem” to yet another point in our biosphere. . .o

_Have we indeed remaved the source of polly-
tants? Are we truly recycling? Or, are fve causing
new and as yet unrecognized probleu€.{ Many of
you here today will say that the answer learly. lies

" in recognizing the fundamental fact.that we may
have too many people, too many chemicals of un-

, known character and behavior. It is-manifestly sim-
pler to remove materials from discharges before. -
they enter the natural system than it is*fo track

- them through the system and follow all the new
combinations, linkagesy and synergisms that occyr.

I recall a colleagug.in a large firm which plated and
otherwise pickled metals. In'a spirit of environ*
mental consciousness he volunteered to work, on
his own time, with the company to reduce their
waste discharge. He was led todhe large tank at the
end of the processing systein into which all thepick-
ling waters were drained and told, YThere’s the raw’
*material, go to it!” To his horror he found that the
slurry in this tank was thé combined wastés of six
different metal treating process$ lines. The slurry
was incredibly complex and boggled /his chem-
ical-engineering mind. His . suggestioh that the
*wastes from each of the six processes be ac-
cumulated separately and “reclajmed” individu-
“ally was greeted with cries about the’ expenses of |
repiping and riew construction. While my tale is
admittedly drawn from the old days—perhaps 6
years ago—the fact remains that treatment at the
source is less expensive than treatment farther:

" downstream; treatment by elimination of the
product itself fronicour socjety may be the final
answer. _ . '

Not all share my viewpoint tifat’ engineering" i$
more an art than a precise science. But I'believe the
critical question we must aslg with §;9ect tg treat-

* ment of pollutants throu gh‘recyc,ling"gs-—can we do
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it? Tom’ Jorling has argued that we are not even
progressing-on the regulatory front. ° - :

"

. , o
ISSUE THREE—CLASSIFICATION .
OF POLLUTANTS

" Westman states that the classification «of pollu:

n

)

tants under the ecological approach"?may ‘be dealt -

with by measuring their effects upon the biology of

- the receiving ‘waters. He divided pollutants into
. four categories: nutrients, nonnutrients, toxic sub- -

stances, and pathogehs. Nutrients were considered
in terms of their potential ta accelerate eutrophica-
tion; nonnutrients were those materials that would

not be transformed within 1.week and that would -

have principally 4 physical effect upon the receiving
waters. He.recognized, however, that nonnutrient
pollutants hadra particularly important character-
istic in that they contained many materials of un-
known future activity and that\many might be bet-
ter classed as toxic substances. He defined toxic
substances with consideration for the concentration

at which the substance was active. Exposure, in- -

gestion, inhalation, or assimilation of substances
that could~cause death, disease, behavioral abnor-
malities, cancer, genetic mutations, physiological
malfunctions, or physicgl deformations were the
basis for including a substance in this category.

- Woodwell has, on the other hand, argued that
standards for toxins cannot be set on the basis of
thresholds for effects; our capability tos measure
thresholds is inadequate for the bewildeting va-
riety of sybstances that can be released. There is no
way to control releases or to monitor substances

released. And there is “little basis for the belief °

that natural thresholds for effects on natural eco-
systems exist.” ! .

ISSUE FOUR—POLLUTANT REMOVAL

* The success of pollutant removal under the eco- .

logical approach is to be monitored biologically in
the stream, as contrasted with the technological
approach of monitoriny effluents in-plant. This"ap-

proach will require observing the health of
organisms in the stream at every level of the food
chain. Hedgpeth stated, with respect to the Na-
tional Environmental Protection Act, an argument
equally cogent here:

This, requirement of impact studies that in practice musj.
meet the scrutiny. of hungry lawyers advised stb-rosa by
some of our better ecologists, should have an especially sal-

utary influence upon field studies in the coasgal zone. . . . So -

far, these studies, intended to produce “base line” informa-
tion, have not been impressive, primarily because of the re-
luctance of the industries and agencies concerned to finance

~
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them adéquately, ahd secofidarily because the work has
' been carried out by consultants and assistants lacking the
“training or understanding.necessary for such work. Yet,
insofar as studies relative to possible environmental
+ changes in the shore zone areconcerned, we have known *
what should have been done for moré than 109 years, and
some sound adfce available

for at leasts¥ years have had

even in plain English."l . i
Clearly, it is this aspect of the.ecolegi
to wates pollution cohtrol which will
gregtest effort by the_scientifies Gohmunity i

approach is to work. Coal

ISSUE FIVE—LEGAL **.
POINT OF ECONTROL' L N
The ultimate pitfall of the technelogical apprqach

to.control was that it required the enforcément
dgency to be able to predict thegeffects an effluent

* would have upgn the body of water. The complexi-

tiés that factorSinto such_4 eapability are somewhat
greater than science has beefi able to master. _

In:the ecological approach; Westman insists, the
dilemma’ persists. The goal is to achieve the integ-
rity of the physical, chemical, and biological charac-
teristics of the water. It is tacitly assumed, at‘least

"to my" mind, that only pristine waters pessess

integrity,.for in these water's time and evélution .
have interplayed to produce a fauna and a flora,
adapted to the natural characteristics of their
enviréiment. Wesfman argues that to ‘allow any*
thing short of this leads again tp the,uncértainties
of relating-efflugnt composition to effluent effects
uporrwater qualigﬁk. It was this reasoning which led
Congress to stater “It is the national goal that-the’
discharge of pollutant$ into navigable waters be
.eliminated by 1985. ..” The means to meet this
goalis closed:cycle technology, .. = . e
We insert at this point the c&mplicated question

of our ability to solve the problem technologically, ' .

the economic costs of accomp‘lisl@ing the objective,
and the alterifdtive’or “tradeoff costs” of not doing
something. /‘ S ST
As pointed out in the preceding paper, the 1972
Water Pollutiop Control Act set a clear gbjective jn
the statement|of goal with which it wa$ prefaced.
The Act p ded fuptifer ‘to make some cle,gr
statements establishing®the mode of getting to the
objeclt‘}ve'. One might ask, however, Low do we
measure our success or failure'in.meeting the objec-
tive, whether tat success or failure be legislative,
interpretive, regulatory, enforcement, .technologi-

cal, or other. If we measure progress toward the -

goal through the character pf the biota of streams,
are we not simply IGoking at “assimilati capac-
ity”? Are we not, if wé_examine only point

downstream of 8ischarge; perhaps oversimplifying
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the problem, for the effech may simply have moved
farther downstream. To use a homely example,
much of the upper Hudson River has “improved” in

‘® water quality to the point where it is now ‘safe” for..

use by humans for a variety of recreational pur-
poses. The root causes have been transferred, how-
ever, to thq\ substrate. and to the downstream
reaches. There is a cosmetic character to improved
water quality which causes relaxation of vigil and
effort towards improvement.

On the other hand, we can measure our failure to
achieve the goal stated in the Act by observing fur-
ther degradation. As a group of scientists, we have’
not achieved a, clearly stated consensus on the
limits of further degradation. I do believe that a
clear majority feel that we are approaching the
limits of our ecosystem and I further believe that
many citizens are equally aware and concerned
about those limits. Tom Jorling has spoken elo-
quently of the failure of the Environmental Protec-
tion Agency to capture an educational opportunity
to identify the need to reincorporate nutrient mate-

rials into the ecosystem.and the cycles from which ~

they were derived. This is clearly not an engineer-
ing-problem, for if it were, we would have substan-
tially moyed toward its alleviation. '

Icite as an instance the vexing,question of sludge
dumping in New York Bight. Faced with disposal of
-a potential nutrient (I.simplify. herg, for the re-
moval of toxic materials.from the sludge is indeed a
technological problem), many engineers, scientists,
governmental admjnistrators, and most citizens
view the solution solely in terms of moving the
dump site farther from the shores. If indeed the
educational opportuhity had been seized, public
liearings on the dumping of sludge would now be
filled with clamor and furor over the technology of
recycling, not, as at present, on shifting the site.

The matters to be discussed in this conference on
The Integrity of Water are many and complex. I
wish that I could offer sonie simple resolution to the
problem. I am, however, only able to fall back on~

the anecdote recounted by John Steinhart: “A _

prominent economist was &ddressing a meeting of -
economists, taking them to task for their enorrous’
self-pride in being hard-headed in .dealing wi.h

world problems. He suggested that they weren't as

hard-headed as they thought and he'offered them a
succinet solution to the*World’s problems—eco-
.nomic, environmental, and otherwise. His sugges-
tion—‘‘eat rich people.” ** ’

_ Steirthart urged us to think about it—the process’
of “continually lopping off the top of the pyramid.
Steinhart, suggested that “the somewhat didactic
moral is that marally adceptable solutions are not
guararteed from analysis.” **

S
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Bétter guidance may have been given by our col-
league at this meeting, John Cairns, who con-
cluded: “Predicting and judging environmental
impact with precision are areas in which biologists
must_excel. . . Good management'is alwaysprefer-
able to “fire-fighting”! Both biologists and indus-
trialists will have to be more flexible if we are to
preserve some of the desirable qualities of life on an
over-populated planet.” ! ‘

I began this discussion by referring to an earlier
conference on The Integrity of Science. I should like
to quote from some of its findings: ¢ )

. . . the ultimate source of the strength of science will not be
found in its impressive products or in its powerful instru-
ments. It will be found in the minds of the scientists; and in
the system of discourse which scientists have developed in
order to describe what they know and to perfect their
und¢rstanding of what they have learned. It is these in-
terfal factors—the methods, procedures, and processes
whith scientists use to discover and to discuss the proper-
ties bf the natural world —which have given seience its great
succdss. We shall refer to these processes and to the
organization of science on which they depegd-as the integ-
rity of science.® )
My closing observation is that our Nation is now
in the midst of a turmoil caused by immediate'prob-
lems —the economy, energy supply, and -a host of

. other heatedly debated subjects. We must not lose

sight of the largeév issues, however. Bentley Glass,

addressing the “Goals of Human Soéfrty," summed

it up thus: .
The study of the limits of man's resources on earth—the
limits of energy, atmosphere, water, soil, foods, minerals,
and fuels, and species of utilizable organisms—shoyld be
coupled with a vastly jmproved basis for technology assess- -
ment. . . The cry will be made that such a system would
greatly retard the introduction of innovations in modern
enterprise, would reduce profits, hait economic growth, and
put an end to ‘progress.’ That may well be so. The shib
boleths of an ever-expandingfeconomy and of never-ending
growth have deluded modern man long enough. With such
clear signs that we are pushing to the limits of the earth's
resources il many ways, perhaps we are ready to recognize
that human progress in well-being is not synonymous with
greater numbers of people or steady increase in the rate of
exploitation and pollution of the environment." '

el v

REFERENCES _

1. Anonymous. 1965. The integrity of science. A report by th
, AAAS Committee on Science in the Promotion of Human
. Welfare. American Scientist. 53:174-198. ,

. Commoner, Barry. 1967. Science and survival. Viking
Compassgidition. .

. Hedgpeth, "Joel. 1973. The impact of impact *studies.
Helgolander wiss. Meeresunters. 24:441.

. Westman, Walter S. 1972. Some basic issues it water
pollution control ‘legislation. American Stientist. 60
(6):767-773. :

. Starler, N.H., A.N.P. Fisher and W.L. Fisher. 1974.
Assessing the economic impact of changes in environ-
mental quality: a case study of Lake Erie’s New York
shoreline. Unpublished progress report. New York Sea
Grant Institute. !

’




~
THE INTEGRITY OF WATER =~ |

>

6.° Fisher, A.N.P., W.L." Fisher and N.H.. Starler. 1974. -
Perceptxons of water quality, water resource use, and
economic impact. Unpublished progress report. New
York Sea Grant Institute. .
7. Woodwell, G.M. 1974. Success, successlon. and Adam
v Smith. BioScience. 24 (2):81.
® Woodwell. p. 86. .
9. Cairns, John. 1972, ing with heated waste water *
discharges from steam-électric pow:i plants. BioScience.
22 (1):411. '
Hedgpeth, p. 448, -
Woodwell, p. 87. . ’ -
Hedgpeth, p. 437. :
Steinhart, John S. 1972. [nstitutiohs and the generation of
purpose: whose environment gets managed and for what?
Prometheus. 1 (4):9. .
Steinhart, p. 9. kg
Cairns, p.419. . '
Anonymous, p. 174 *
Glass, Bentley. 1972. The goals of human society. -
BioScience: 22 (3):137. i

10.
11.
12
18.

14,
15.
16.
17.

* '

. DISCUSSION' S oo

Comment: With the rematks we had this
merning, I wonder if, in a sense, we aren’t using tlj
terms physical, cl1emxcal and biological integrity to
help escape the real intent of -the law. Speaking as
an ecologist, I have to make a confession, at least
from my personal point of view: we ecologxsts still
“have not graduated to the level of science that
chemists and physicists have. Our paradigm is not
that cJearly defined. In a sense the term “intgerity
. of the system” would seem to me to be alﬁl
cop-out because what the law states, and correct
me if I'm wrong, is that we are taking a look at our
Nation's waters from essentially an historical per-
spective, trying to get back to that kindof environ-
ment or that kind of ecosystem that was present
before pollution occurred. That, in fact, is a value
‘that is not a result of scientific thinking along this
particular line. We can, I think, rationalize from an
ecological point of view that Lake Erie from the
time it was first explored by the French warriors to
the time that it reached its hlghe‘st level of eutro-
phication was, in fact, a physically and chemically
and biologically integral system. It had its integrity
from a'functional poirnit of view. It worked. It func-
tioned. It did not die. T wonder just how much we
are confusing the issue with some terms that per-
haps ‘s should' be looked at in a somewhat different
perspectlve than we have in the past. Perhaps orne
of the reasons that we failed in the educatién
processis essentially that we really don’t know °
what we're talking aboat when we talk about
integrity in terms of its application for a set of
values.

Dr. Squires: I'd enjoy an opportunity to speak to
that because I think there is an element in your
premlse that I would argue with. I don't think that

’ that'l

the concept of integrity needs to be one of returning
to a previous state. That would indeed mean that
we would not only have to eat rich people but a
great many others.

What we really have to look for is a means by
which we can preserve natural systems, and, by
that I mean physical, chemical, and biological sys-
tems, ‘at a level which provides us,.the human
specieg,
this il a way which is leastconsumptlve of energy. I
think a pretty rational case can be mad that better
treal,ment of pollutants prior to their being placed

.into any receiving® body of water is less co

integrity of the system once you have polluted it.
think that’s theikey issue. Do I depart from
your thinking?

Comment; No, not at all. However, I)bﬁld say it
is an expression of a set of values that we’re trying
to describe, too. I think someone mentioned or re-
ferred to, Aldo Leopold and the ecological and con- -
servation etlnc earlier this morning. This is really N
what we are ;alkmg about —igs application.

Squires: Again I want to return to the point
thée mast 1mpresswe part of this particular
plecq of legislation is that a goal was stated. With-
out, 3 goal one has no.direction in which to move,
one ,has no ablllty to set forceg gt work ta make
progress andione has no way to measure onb s prog-
ress toward achxevmg the goal. The faét that a
goal has been set is the most significant thing done
in this partieular piece of legislation. Whether or
not we can achieve it and how we go about achiev-
ing it are subjects for discussion. But the fact isThat
the goal is compatible with the very s1mple factor of
survival —that’s the key.

Comment: ] have no argument with that.

Mr. Jorling: It's certainly a valie judgment to
establish integrity and the value is prudence, I

tw}; gf energy than it is to try and maintain t

_Suspect. Given that. wa don’t know much about the

biosphere, where can we look for wisdom? What
the integrity standard does is to s3y that we.meas-
ure what we do against a backgfound. In other
words, we're trying to establish a reference point
for the measiire of what man is doing to the
environment because by and large we don’t know'
this. Every time you pick up another lssue of
Science, there is something-buried back in the hotes
that talks about freon and‘what have you. There
are so many things that we're doing to the environ-
ment for which we just have no reference point. So,
the integrity statement establlshes that reference
point.

The value of prudence is that it's easier to rem-
edy smaller defects than big defects so that if you
screw up the Hoosic River, it's easier to fix that

24

with a means for survival. We have tp do -
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smaller systems.. We should keep things patterned
after natural systems: the more closed the material
energy cycles within those systems, the better,.so I

than screwing up the Hoosic and the Hudson; or
worse, the Hoosic, the Hudson, and the Atlantic .

Ocean. . .
With our capability to manipulate natural sys-  think that’s another value judgment. It recognizes
tems, where is our effect the greatest? It's on  our limitations. ’ - .
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Earth is unique among the planets of our solar
system in having an abundance of water in the

lquid state. This is unquestionably\a consequence
of the evolution of the planet and of\our favorable

location in relationship to the\su ile other
planets may have large masses of nd, undoubt-
edly, waters of hydratlon associatedWwith the litho-

. sphere, nonethas a true hydro

" _characteristic of the earth. The presence of this
liquid water has ehormous implications for the evo-
lution of life as.we know it-on earth, including the
human species. Thus, thefe is mere than one reason
to hold this conference on the® integrity of water.
For without; wateg there. would be none of us here
to discuss it and, next to the air we breathe, water
is the most critical substance to maintain life.

“Even on earth the ma]orlty of water is seques-
“tered in the primary lithosphere and in sedimen-
tary rocks, pmmamly’ as water of hydration. The
"“watei‘ tied up in this way is nearly 20 times as great
as the free water that we are discussing here today
(Hutchinson,-1957). Water is being added con-

- stantly to this reservoir by volcanic eruptions and
by hot springs, but it is still uncertain how much of
this is tryly ju¥enile and how much is derived from
the hydrosphere already present. .

In looking at the title of my talk, some of my
friends suggested that I have the whole subject to
,cover. I don’t pretend to cover the whole subject.

The present distribution of water in the hydro-

- sphere is shown in Table 1. As an oceanographer, I
* will speak pnmamly about the 98.8 percent of this

- water which is found'in the oceans and I'am pleased
that others will speak about the surface water and
ground water resources, the principal sources of
. drinkable water. The smallest fraction in Table 1 is
- the water vapor of the atmosphere which may,
‘nevertheless, be the most important. Because of
« the great mobility of the atmosphere, the precipita-
tion part of the hydrological cycle is greatly de-
pendent on this small fraction of the frée water on~
earth. The evapgration from the ocean surface
exceeds the precipitation there, and this provides
for the exéess precipitation on land surfaces, nour-
ishing plants and giving the continuous flow of our
rivers and recharge of our ground wadters. In this
_and many other ways, the linkage of the ocean and

. Inland water

accumulated. Seawater contains, o

- 4
.

the atmosphere exercises a profound control on the
climate of earth. -

ron

Table 1 —Free water dlstribution on earth.

10" Metric tons

Oceans
Polar and other ice

Ground water
Atmospheric water vapor

Data from Hutchinson, G. E. 1957.9,228.

Over the eons of geological history, th.is’hy'dl:o; .
logic cycle has been weathering the land and carry-
ing the elements into the oceans where they have
n the average,
about 3.5 percent solids and virtually,all of the nat-
ural elements are present, though some in traeg .,
amounts. Of the latter, some have been measur
only very recently as a tesult of the refinement of
our chemical methods of analysis. As a broad gen-
eralization the major elements in séawater are
present in constant relationship to one another so .
that seawater can be considered as a solution in
which the main variable is the total quantity of '
water. Eviporation can increase the salinity, or
total salt content of the water, and precipitatlon can
decrease it, but the elements present remain in
substantially the same proportion one to another.
Minor. perturbatlons occur near the mouths of
rivers where the chemicals of the river water can
modify this generally constant relationship among
the major elements. In the deep waters of the sea,
however, which constitute almost three-quarters of
the oceanic aquatic reservoir, the composition of
seawater is the result of many millions of years of
equﬂlbratlon with the land, and man’ activmes
have yet to produce a measurable effecf there. .

Some of the minor elements in seawater are
essential for life. These include carbon djoxide,
oxygen, nitrogen, phosphorus, and for diatoms, sili-
con. The growth of microscopic floating plants, the
phytoplankton, is limited by light intensity to the®=
surface’layers of any aquatic ecosystem. These life _
processés vary the concentration of these elements
and compounds, sometimes exhaustmg the supply ]
so that further productivity is inhibited. The néar- '¢
surface photgsynthetic production of organic mat-

N




* “organisms, or in the'b

ter supports all life in the open sea, but it is in these
same waters where man'’s activities are having a
measurable impact.~This is a cause for concern be-
cause we do not know how much man can modlfy
ocean waters without mﬂuencmg the marine life
which it supports and indirectly the survival of man
himself on the planet.

Man’s impact on the integrity of water-is caused )

primarily by pollution. The quantity of waste mate-
rials reaching the water environment has increased
greatly with the increase in size and local density of
the himan population. As Dr. Squires pointed out
this morning, the population problem cannot be di-
vorced from the problem of availability of quality
water. E¥en riore important is the explosive in-
crease in technology, which not only incredses the
" amount of pollution, but also is adding unique mate-
rials which are not, readily recycled by natural
processes.

On a'global scale, the pollutants 6f major concern
are those which are produced and reach the
environment in largg quantities, which persist for
_ Iong periods of time in the environment, afd which

are toxic to organisms, inéliding man, that depend
upon ‘the environmert for their exlstence There
are many other parameters w}uch‘ cbuld be .mén-
tioned such as the accumulation of various pollu-
- tants within the body tlssues, and the transfer of
these elements along various, parts of the food web
or food chain. The pollutants of greatest concern,
thus, include various heavy 'metals, marfmade radi-

°

oisotopes, petroleum hydrocarbons, and persisfeht ™

" synthetic organic chemicals such as the chlorinated
hydrocarbons and detergents. All of these have
been produced or redistributed by man in unique
ways and ‘all of ‘them ¢an now be detected in the
waters of the open sea fay. from shore. For these
persistent pollutants, the dcean is the ultimate sink

.in  which they mulate in ‘the water, in

the sea by a variety of transport mechanisms. Seme
are leached or eroded from the land and earried to
sed by rivers as solutes or sediments; some are der
liberately introduced into rivers or directly into the

ocean as domestic and industrial wastes; some are

dumped at sea from shipboard or are a direct conse-,
quence of ship operations; some are transpdrted by
the atmosphere for great distances from the source
before being washed out by rain on both land and
sea. '

"Other pollutants maygbe of g'reat local 1mpor-
tance, but are not of great importance in terms of
the contamination of the largg,reservoir of water
represented by the oceans. FoAexample, estic
sewage and, some’ agrxcultur r food processirig
‘wastes may be very jmportant locally, not only be-

)
‘

ttom sediments: They'reach -

" that this concept
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cause they over-fertilife the water and -lead to -
obnoxious growth but also because of possible’ bac-
terial and viral contamination. The natural organic
compounds in such wastes are soon decomposed in

. seawater or diluted to mmgmﬁcant concentrations.

In terms of the volumes of seawater, they do not
pose critical prol)lems
In, this session the recelvmg capacity or the
assimilative capacity of natural aquatic environ-
ments was often mentioned. It has been explained
% no longer acceptable under the
Federal Water Po ution Control Act Amendments
of 1972 or, as quires said, either there is no _
assimilative capa; ty of an environment, or if there
is, we do not know" hat it is. :
I would like to point out one aspect of importance

* that was not mentioned this morning and I would

now. This

rtunity to mention it n
an abused

$s Yo recovery, but the products of the deg'ra-

tion may remain. The physma} turnover tune, or

ushing of the. system is the ultimate mechamsm
for removal. Fof, pollutants dissolved in the water
this can vgry. tromi days to centuries, and the ability
of the ecosystem to reestablish itself .will be sub-
3ected¢o related time constraints.

.To_give a. few examples—rivers and most
estuapes hawe_ ﬂushmg time of days to months.
Lake Erie, which was mentioned this-morning, has
anr average flushing time on the ordet of 60.years, ,
Lake Superior about 250 yéars; the deep'waters of *

sthe ‘oceans, centugies to millennia to fecirculate.
The pomt that I wapt t6 make in this connection j is
that it is especlally dangerous to pollute these large
whter masses wluch will take so long to recover.

o.ﬁ a9

HEAVY METAL§

About a dozen elements dre being used or cycled
by man at rates which are in éxcess of the normal
geological rates of’cycling. A list of these is pre-
‘sentéd in Table2 The effects of these in the aquatic
ehvironment range ffom the fertilizing activity of
compounds of nitrogen and phosphorus to blolog~
ically relatively inert elements such . as fron, to
highly toxic elements such as.mercury, & should be
pointed out in connection with this table that the
man-induced rates of mobilizatjon of these elements
represent his use of-thé elements arfd not the rate-
at which they are being added to the environment.
Presumably, a steady state would ultimately be
achieved at which time man would only have to
mobilize the elements to replace those which be-

)

come enwronmentai contaminants. Y .
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* When considering man’s contamination of the
world oceans the evaluation is more realistically
based upon the toxicity of the elements to marine
organisms. Table 3 presents a list of toxic heavy
metals, listed in order of decreasing toxicity in com-
parisen with the rate at which these are being
added to the environment by combustion of fossil
. fuels. Since the burningof fossil fuel injects these
contaminants into the atmosphere, they reach a
_ global distribution rapidly, an efféct which is not
found if they are cycled more slowly through the
land and the freshwater drainage. However, this is
only one source of contamination, and these rates of
introduction are much less than those shawn in the’
previous table for the same elmnts. L

Table 2.—Man-induced rates of mbbﬂlzath_m of materials which
exceed geological rates as estimated in annual river-discharges

to the oceans.
- Geologieal Mmfmdueed_/
v Element ratest rates' -~
w S (in rivers) {mining}
. . Thousand metric tons per year
Iron.....coopnevmnnen 25,000 _ 319,000 .
Nitrogen.....:..eeuve 8,500 . 9,800°
Manganese. .. ... .%} .. 440 1,600
, Copper .....eovmnnnen 375 g 4,460
Zinc.......coooaalnl L 3170 3,930 )
Nickel.oovvenneenenss 300 358 <
Lead.....cooeenenen 180 ° 2,330 4
Phosphorus.......... 180 6,500°
Molybdenum. .. ... i 13 57
Silver ......ivevnuann 5 , 7
Mereury . ....covieant 3 7
b & T 1.5 166
Antimony............ 1.3 40 -
Source: SCEP (1970), :
‘ Bowen. 1966. |
* United Nations. Statistical Yearbook, 1967 data. .
* Consumption. -

~

Table 3.—Man-induced mobilization by burning of fossil' fuels,
- toxicity to marine organisms, and critical index for various heavy

Y metals.
.
‘ Mobilization®*  Toxiatyt Index Rank
Lo 10%g/yr ug/1 101y order
1.6 0.1 16,000 1
, 0.35** 0.2 1,750 2
0.07 1 70 102
3.7 .2 1,350 3
0.45 5 90 9
3.6 10 360 4 N
21 10 210 -7
15 10 150 8
0.7 . 10 70 10b
7 20 330 6
7 20 350° 5
*Bertine and Goldberg, 1971 (except for cadmium),
*CEQ, 1972 , , .

TNAS, 1976.

\\
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The ratio of the, rate of supply from this source
djvided by the toxicity gives a number which I have
called the relative critical index. This index adtually
represents the volume of seawater which would be
r{ised to toxic levels at the given rate of mobiliza-
tion by the burning of fossil fueis. For those who
like simpler units than 10 liters, I might point out
that this unit equals a cubic kilometer, so this is not
a trivial matter when you are talking about thou-
sands of cubic kilometers of seawater. The rank
order of these elements places mercury, cadmium,
nickel, and lead as the four most critical elements,
and they are commonly cited as such. In the London
Dumping Convention the first two are prohibited,.
and the others are listed as requiring special care as
are arsenic, copper, zinc, beryllium, chromium, and
vanadium. )

Another way to evaluate the importance of heavy.
metals as pollutants in the marine environment is to

compare their natural- concentration in seawater.

with their toxicity. Datd arranged in this way are
presented, in Table 4. Nickel and mercury are pres-
ent in seawater at concentrations greater than
those which havé been judged to be safe on the

basis of toxicity. The foxicity values in both of these

tables are taken from the “Water Quality Criteria

. of 1972” prepared-for EPA by the National Acad-

emy of Sciendés. As you know, swordfish have:been
found to contain mercury in excess of FDA stand-
ards. Recent studies by Barber, et al. (1972) show

_mercury to be equally high in fish preserved for
-almost a century, so that this contamination should

not be attributed to pollution by man. However, it

is an example of places where our basic scientific ..
" information is inadequate to reach reasonable and

sensible regulations concerning some of these pollu-
tion problems. According to Table 4, the rank order
rates the four most critical elements as being
nickel, mercury, cadmium, and zinc.

3

Table 4.—Toxic heavy metsls of importance in marine pollution
based on their seawater concentration and toxicity.«

Concentration®  Toxlcityt Rank
Element w1’ pg/l Ratlos order
Mereury.......... . 02 0.1 2 2
Cadmium......... 0.1 0.2 0.5 3a
Silver «++vvanvven. 03 1 03 4a
Nickel..o.vvuenens 1 2 35 1
Selenium ......... 0.45 5 « 0.09 7
lead............. 0,03 10 0.003 9
Copper ........... 3 10 0.3 4b °
Chromium ........ % 06 . 10 _ 008" 8
Arsenic........... 72,8 10 0.26 5
Zific. . ev. -t teee. 10 20 05 . 3b
Manganese. ....... 2 20 0.1 6

*Goldberg. ot al. 1971, or Riey & Chester, 1971, higher valve. ~
tAs in Table 8. °
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Both of these¢ methods of aésess:ing the critical
importance of various heavy metals suffer from
inaccuracies in the estimates. However, both show

sufficient consistency to justify concern about these
metals as pollutants. The toxic level of many of .

« them is so close to the natural concentration in sea-
water that any unnecessary addition by man should
be viewed with the, greatest concern. It is obvious
that high levels of pollution such as occurred in

Minamata Bay in Japan, pose serious problems. .

This again is an indication that the size and scale of
the body of water to which theS@materials are
added have a tremendous influence on the
accumulation and the biological effects of these
metals.

RADIOISOTOPES

Oceanographers first recognized man'’s potential
for the contamihation of the open sea asa result of
the atmospheric testing of nuclear explosives.
Previously, it had been believed that the oceans

were so vast that man’s actwmes wquld have no*

measurable eﬁéeb&ept in local areas such as
estuaries and coastal waters. Atmospheric trans-
port of the fission products of nuclear tests rapidly
led to a worldwide distribution and the distribution
of these products has been studied extensively as a
global experiment, since the materials were added
in a relatively short period of time rather than
being accumulated over geological eras.

\As with all elements, the sea contains natural
radioactivity, some of which is derived from the
weathering of the earth’s crust and some of which
originates as a result of the bombardment of the
earth’s gaseous envelope by cosmic rays. More than
60 of these natural radionuclides have been identi-
fied (NAS, 1971).

By December 1968, about 470 nuclear explosmns

had been detonated in many parts of the world by

the nuclear powers (U.S., U.S.S.R., U.K., France,
and China), Of these, 113 tests were performed on
Coral Islands in the Pacific and 13 over the oper
ocean. Six tests were performed underwater.
Except.for.the 116 tests which were performed
underground and the radioactivity consequently
contained, it makes little difference where the test
was performed since the mobile atmosphere carries
the fission products to all parts of the world.

The radioisotopes distributed throughout the
wor)d by nuclear testing include not only the fiésion
proflucts of the nuclear explosion, but also the
radioactivity induced in the materials in the struec-
tures used or in the earth or water. The fission

products which have received the greatest atten-

tion to date are *'Cs and °°Sr which have half lives’

¢ * &
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of 30 and 28 years, respectively. Tritium (*H) and
the radioisotope of carbon ('4C) are present natur-
ally in the environment and are also produced in
nuclear explosions (NAS, 1971).

There is no evidence that the. fission products
added by nuclear testing have produced concentra-
lions of these radioisotopes which are hazardous to
‘narine orgarisms. Those who saw the experi-

mental area will know that locally it is -a different -

matter. The fact that they are detectable in all su}-
face waters of the world oceans is, in part, evidence
of the sengftlwty of the analytical mfethods As
mentioned above, their presence in seawater
provides a unique identifying “tag” of water masses
and “this has permitted critical analysis of some of
the circulation patterns of the waters of the deep
sea. - v

] L

PETROLEUM

‘ Another global pollutant which is. increasing
importance and concern is, petroleum etroleum is

a complex natural mixture of a*large number of
hydrocarbons. Petroleum has accumulated over
millions of years, but we are now exploiting”this
resource at a rate vastly in excess of the rate at
whichit ca{n be replenished.. -

Natural ‘seeps ~of "ol have probably occurred «
throughout geological history. As a resiilt of our
rapid use of this material, however, the rate of pol-
lution of the sea by oil has been.greatly increased.
In 1971 the world consumption of oil approached -
2,400 million metric tons. Because most of the oil is
used in parts of the world other than the production
areas, more than half of this dil has been trans-
ported by sea in either the crude or refined form
(NAS, 1975). .

It is inevitable that oil pollutlon of the oeeans will
increase as a result of this great use and transporta-
tion of petroleum. Various estimates have been
made of the rate of addition of oil to the oceans, and
the latest of these is shown in Table 5 (NAS, 1975).
This pollution is.at the rate of six million mettic
tons per annum (mta). Althaugh”accidental spills_
such as the grounding of the Torrey Canyon or the
Santa Barbara oil well blowout#are spectacular
events and attract the most public attention, they,
actually account for only about 5 percent of the
marine pollution by oil. Transportation losses
account for about 30 percent of-the total and a simi-
lar quantity is provided by urban and river runoff. .

Oil slicks and tar balls have been observetl on the
high seas in considerable quantities (Horn, et al.
1970; Morris, 1971). Beaches throughout the world
are coated with tar in areas near thé main transpor-
tation routes even .when no accidental spill has

L3
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Table 5.—Petroleum hydrocarbons introduced into the oceans.

t

Input
Source mta Percent
NaturalSeeps .....c.ccceiueerenrionsenns 0.6 9,8
Offshore production.........covuvunenne 0.08 1.3
Transportation o
Tanker operations ...........c.cvvennn 1.33 21.8
Other ship operations ............cvcc. 0.5 8.2
Accidentalspills............cooiaialL, 0.3 4.9
Coastalrefineries.. .. c..ocoineevenensns 0.2 33
Municipal and industrial wastes........... 0.6 9.8
Urbanrunoff ......cocviienrnriiianennen 0.3 4.9
River runoff, ......... e iecaraiaas 1.6 26.2
Atmosphericinput ............. e . 06 98
Total..eceenrnrotnnionensansanaanss ' 6.11 100

occurred nearby. This tar is the end product of the
weathering of the oil reaching the sea. It is mostly

. an aesthetic degradation of the environment.

Although the direct toxic effect of oil on marine

organisins is somewhat controversial, the evidence -

is clear that all oils contain toxic substances, though
in different proportions. The impact is largely de-
pendent upon the type of oil and the degree of
exposure of the organisms to the oil before it dis-
perses, evaporates, or decomposes. There is good
evidence (Blumer and Sass, 1972) that in relatively
shallow coastal waters the oil can become incorpo-
rated in the sediments where it can persist for long
periods of time. After all, this is the way oil is

. formed in' the first place in marine sediments under

anerobic or anoxic conditions. The oil sequestered
in the sediments of shallow waters can be released

. at random intervals from the sediments to the

water as a result of storms, with gnother sequence
of biological effects taking place’ -
The pollution of the high seas by djl has become

an international problem because of the increase in
oil tanker traffic and ships burning fuel oil. The
Intergovernmental Maritime Consultative
Organization (IMCO), a specialized agency of the
United Nations, has held a series of international
conferences which havé drawn up and subsequently
modified the' ‘International Convention for the
" Prevention of Pollution of the Sea by Oil.” The most
,recent Internatignal Conference on Marine Pollu-
tion was held in London in October and November

-\ 1973 (IMCO, 1974). The draft convention provides
- .regulations for the prevention of pollution by.oil, by
_ -noxious Hquid substances in bulk, by harmful sub-
._-‘Stances in packaged form, and by sewage and gar-

+ - bage from ships. When the provisions of the, Con-

. ventjon came into full force and take effect, the

pollution of the sea by oil resulting from transporta-
tion losses wilt be greatly reduced. As Tablg 5
shows, however] this will still leave considerable oil
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pollution so long as our techol-ogy depends so
heavily upon this energy source.

SYNTHETIC ORGANIC COMPOUNDS v

A wide variety of synthetic organic chemicals is
also reaching the environment. The production of
synthetic organic chemicals in the United States in
1969 was 135,000 million pounds, a 12 percent in-
crease over 1968. This quantity is not an insignifi-
cant fraction of the natural productivity of the sea
(NAS, 1972). Although many synthetic organic
chemicals are readily degradable to elementary
materials which re-enter the chemical cycles in the

biosphere, the more stable compounds that enter

the environment, whether as waste materials or
through their use, are of concern. Particularly
critical are thg§e'compounds which are not found
naturally, since organisms capable of decomposing
them have not evolved and they may persist for
long times and accumulate in the biosphere.

The chlorinated hydrdearbons such as DDT and
its decomposition products and polychlorinated bi-

“ phenyls (PCBs) are’of particular concernsince they

are not readily biodegradable and the ogean is the
ultimate sink for these compounds. Harvey, et al.
(1972) found substantial concentrations of DDT and
its breakdown product DDE and even higher levels
of PCBs in a variety of orgarisms collected from the
open sea many miles from land. Their results con-
firm the probability of atmospheric transport since
the distributions show no clear-cut gradients which
would be expected with river transport. Being oil
soluble, - these' compounds are concentrated in the
lipid pool of the organism with a maximum concen-
tration of 3,300 micrograms/kg for DDT and DDE
and 21,000 micrograms/kg lipid for PCBs. '

‘Woodwell and his associates, who will be speak-
ing to us tomorrow but perhaps not on this subject,

modeled the circulation of DDT in the biosphere.

and concluded that the largest reservqir is in the
atmosphere, but also that the amount not decom-
posed by ultraviolet rays in the troposphere will
ultimately be added to the surface of the sea (Wood-
well, et al. 1971). The concentrations observed by
Harvey, et al. (1972) were not as great as those
assumed by Woodwell, et al. (1971) for oceanic fish
or plankton. The lower accumulations in marine
ox{:lgam'sms could be caused by a ‘shorter atmos-
pheric half life of the DDT than assumed by Wood-
well and his associates, by a faster degradation in
the marine environment, or by greater accumula-
tion in sediments than those estimates used in the
model. Again, we emphasize the lack of hard, useful
scientific information to evaluate this problem.

Clearly, additional research is needed to evaluate
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the persistence of these compounds in'thejenviron-
ment.

A variety of othe%g:th‘etic organic ernicals,
including other pesticides, detergents, and pharma-
ceuticals are also undoubtedly reaching the marine
environment but with impacts that are virtually
unknown. It has been estimated that about 60 per-
cent of the phosphorus content of sewage effluents
in some developed countries is caused by the exten-
sive use of high phosphorus-containing detergents.
Like other substances contained in sewage, the
impact is largely local where substantial modifica-
tions to the biota can be caused by the processes
known as eutrophication. ,

CONCLUSIONS

“found it difficult to write this paper w1thout
proceedmg to the biological concerns since I am an

.ecologist. Since I was told to talk primarily on the

chemistry of this problem I have restrained myself,

~ tosome extent. I would like to point out that, as .

was mentioned this morning, very crltlcal problems
are caused by mixed pollutants and when you look
at the env1ronmex;t. as a receiver of a set of pollu-
tants you have 'ba;;thmk ‘of the total picture. The

m or the antagonism among different pollu-

f critical concern. I think that this subject
is un er discussion and consideration at this sym-
posium.

Man's technology has not yet destroyed the abil-
ity of the oceans to support mariné life which,
provides a valugble food resource for many-nations
throughout the world. However, the earlier
optimism of the oceanographer that the seas are so
vast that the impact of pollution in the open sea

" would be undetectable has been proven false. In

inshore‘and coastal waters, the value of the sea for
many of man’s desired activities has been decreased
by marine pollution.

The optnmstlc part of the picture is that we are
now recognizing the importance of pollution in gen-
eral, and active steps are being taken to control pol-
lution and ameliorate the impact. Hopefully, it is -
not too late and we can maintain the quality of our
aquatic. environment and restore those environ-
ments which we have seriously. damaged. Appro-’
pnate actions taken by the Environmental Praotec-
tion’ Agency in the United States, by, similar
organizations in other countries, and by inter-
national agreement can help to maintain or restore
the infegrity of water, both fresh afd marine,
throughout the world. This is an enormous respon-
sibility on the part of our friends in the Environ-
mental Protection Agency. I hope that a conference
such as this is of some help to them. In any case,

THE INTEGRITY OF WATER

~ you feel about the role of predictive toxicology and
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they have my hearty support in what they are
trying to do.
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Comment: Since many of the synthetic organic
chemicals are toxic in nature and so many of them
are aldo accumulating in the environment, what do




‘the’ control of the manufacture and dispersal of
these things? - o

Dr. Ketchum; What can ene sa;g:;{excep} that I'm:

all for it. There certainly should be screening tests

for any substance tHat is being produced in large.

amounts, as-any profitable substance, will be. The
screening should be‘made early in the development
of the product in order to evaluate, what impact its
production, the whole manufacturing process,} the
whole waste material produced will have tipon the

© environment. B ¢ .
This is done only for drugs in this country at the

-

present time. It should be done, in my opinion, for .

all organic substarjces and pharmaceuticals. Some
screening mecharffsm should be required, which is
not going to be easy I admit, but at least it should
be a part ofithe normal development process of any
material. -

Comment: I'd like to-ask, Doctor, about the dis-
appearance off Peru of the fish menhaden, a few
years ago. Was pollution a factor in this?

Dr, Ketchum: The anchoveta was the fish: So far °

as I know, pollution was not a cause of its disap-
pearance. This is a’phenomenon that goes back his-

torically for many years. Periodically, there’s a. quately, but currents alone-don’t tell you where
some material denser than seawater is going to go*
and is going to end up. - 5
Moving the dump site to a new area will not solve ¥
the problem. I think, as was mentioned this morn- %
ing, that the logical thing to do with any of these -
waste materials is to develop the technology to re- °
cycle them. The sewage sludge has a lot of useful :
fertilizing chemicals and organic material which -

shift in the ocean currents and this displaces the
population. The Peruvian coast is an area of natural
upwelling which leads to very heavy productivity,
very heavy growths, and this supports an enor-
mous population of anchovetas
This fishery reached a level of two billion pounds
just prior to this change and it dropped to less than
a tenth of that the next year, but the fishery had
become so efficient that they continued to fish this
population in away that had never happened be-
fore. Previously, when the fish disappeared as a
result of the change in ocean currents, the fisher-
men just gave up and went home and took a rest.
This time they didn’t. They used echo sounders and
everything else. They continued to fish actively and
further depleted the population. I haven't seen the
last year’s figures, and whether the fishery will
come back or not is a guess. I couldn’t predict. The
basic, primary productivity that supported this
enormous fishery will undoubtedly come back be-
cause phytoplankton are ubiquitous and they're
“everywhere in the water, but the anchoveta was a
localized fishery. Whether there’s enough left to
reproduce the population, I think only time will tell.

But that's one thing that we don’t want to blame .

on pollution. That’s nature. Nature has had catas-
trophes throughout geological time and will con-
tinue to have catastrophes..There’s just no reason
in my mind why man has to be another catastrophe.

Chairman Ballinger Dr. Ketchum, I have a ques-
tion. There was a comment relating to the ocean
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disposal (Suggesting that we simply go farthex‘:;qut
into the ocean. As an oceanographér, are our
physica) modeling techniques sufficiently reliable s
that we can 'make any kind of predictive activﬁé
relating to such discharges? 3

oy
ADr. Ketchtm: I don’t want to say we know ndth-

* ing about it because we know something aboutjit.

There have been recent studies on the rate of Kjo-
logical degradation of dumped sewage sludge whi‘ch
indicate that it is faster than had been anticipated.

dumped over the last 40 or 50 years would prod
a tremendous mound in the area if it weren’t beifig
decomposed and "dissipated. Mounds have  beén
found and mapped for the dredge spoil and buildi
* rubble that have been dumped in the New Yo
Bight, so it is not a lack of prior historical records of
the.lack of present ability to map accumulations. In
the sewage sludge dumping area, there is a record
of accumulation a meter in depth from one core, b
an adjacent sediment core taken as soon thereafter,
as possible found virtually nothing: ‘ -
As Tar as the currents are cghcerned, I think we

understand the currént regimé in that area ade-

¢

could be used as soil conditioners and as fertilizers
and thus made of value. Unfortunately, the early
history of our sanitary engineering profession
«called for the cheapest possible system, perhaps.
Combining urban or storm runoff with sewage ag-
gravates the problem. Allowing industries to put
their untreated waste directly into the sewage col-
Tecting system makes things worse. Consequently,
ithis sludge being dumped has high levels of hydro-
carbons, of pesticides, of several toxic heavy
metdls. I suspect if you took the sludge, dried"it,
and put it on your garden you would successfully
kill almost any plant that grows there. .
It's obvious that sludge disposal is killing
organisms in the marine environment. But a lot of
the suggestions for alternative methods of disposal
will move this impact on the environment from one
place to another, and will not necessarily be a
solution. ° ‘ o
- I think a solution can be found for sewage sludge
disposal and I'm heartily in favor of fin

, destroy some 20 square milee'éf_.t_hg earth's:surface
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it may-be just as well to put the sludge in the ocean
as it would be to put it in a great big pile in the cen-.
ter of Manhattan Island and see what you could de-
stroy there. v

It’s a tough problem.

Comment: In the water quality standard setting
process, is the philosophy of no discharge based
upon predicted toxicology scientifically and legally
defensible?

Dr. Ketchum: I have only one way to insure “no
discharge” of the wastes of the human population
< and of human technology and that is to destroy

Homo sapiens.' I'm not at all sure.that zero dis-
charge is achievable so long' as we have human
beings on earth. Throughout geological time, man
probably created no larger perturbation on the
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» man to a bunter in the open field.

environment than any ofher large voracious carni-
vore. This is no longer true. We could go back to
the hunting stage of carnivores, when we would
require something like 10 square miles per in-
dividual for maintenance, food’ and subsistence.
This would limit the world population to something
like four million people instead of four billion
people, which it is today.

So long as we have four billion people on earth S0
long as we heat houses and like to be warm and
comfortable, so long as we have to eat, man’s exist-
ence on earth is going to have an environmental
impact.

I think it is possible to achieve a considerable
improvement without going all the way and revert
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THE CHEMICAL INTEGRlTY
- OF SURFACE WATER

ARNOLD E. GREENBERG

Chief, Bioenvironmental Laboratories Section
Laboratory Services Program ]

_ California State Department of Health
Sacramento, California

In my view, a presentation on the chemical
integrity of surface water can deal either with
criteria (or standards) of surface water quality or
the means of achieving them. From the earlier dis-
cussions and the titles of those that will follow, it
seems clear that the emphasis here should be on the
former, the facfors of water quality.

Coming from a health agency that is concerned
primarily with public water supplies, it is appropri-
ate oy use criteria of drinking water quality

model, although I intend my remarks to be

mone broadly applicable.
. From a chemical pomt of view our concerns are
directed to four major groups of constituents that
can impair water quality. Not in order of impor-
tance, because that will vary with local conditions
including land use, wastewater discharge, and ben-

eficial uses, these groups are: total dissolved min- .

erals; inorganies, of which the most significant may
be toxic metals; organics, either clearly defined
-such as the pestlcndes or a broad spectrum of un-
known substances natﬁrally occurring in water or
added as a result of man’s activities; and, lastly,
_ dissolved gases. In a health context these consti-
tuents can be separated into those that exert an
adversé health effect, that is, are or may be toxie,
."and those having an undesirable effect more
onented to aesthetics or consumer acceptability. In
broader context of env1ro ental protection or
enhite ipent, the criteria wll differ more quantita-
stively the TE0S -? atively, ough special concern
*must be given tonmthese cheniical constituents,

especially nitrogen and'p AoAnl
the growth of undesirable orBINEmS,
numbers of organisms.
. The principal sources of mformatxom e

criteria and standdrds that may-be derlv'

them are the “blue book,” “Water Quality Crntema

-I;'otectlon Agency by the Wational Academies of
ences and Engmeemng, d the Drinking Water

1972,” a teport preparedfor the Environmental
Stindards issued last in 19§ by the Public Health

phorus, that stlmulate .

- .

Service and now under rev1smn by EPA A number
of speakers in this symposium have been important
contributors to the blue book; Ihope they will not
object to my use of the fruit of their labors.

4

TOTAL DISSOLVED SOLIDS . "

s

Total dissolved solids or filtrable residue are dis- :

cussed in the blue book but a recommended upper
limit is not given. At high concentratlons a
physiological effect can be obfained but since the
effect is a function of specific ions, control can be
imposed by setting limits for those ions. In an

‘agricultural application, total dissolved solids or,

more specifically, salinity, can be critical because
there are numerous crops with low salinity toler-
ances. The Colorado River exemplifies a situation in
which increases in salinity resulting from irrigation
return flows ‘make for an unusable end product
downstream. Control by modification of agncul
tural practlces or actual desalination of the river
water is necessary to protect beneficial uses.

Water pH can be included under .this general
category of dissolved minerals. Although no stand-
ards exist or are proposed, it is clear that the
optimum pH is around neutralxty, say the range
from 6.5 to 8.5.

Biologically, a critical aspect of both total dis-

solved solids and pH is the stability of'the level,-

that is, there may be &dverse biological impacts of
marked . and rapid fluctuations in either. Such

" changes may result from waste discharges and in

the case of pH, from the massive growth of algae
that produce an elevated pH,: at least during the
daylight h’ourg of active photosynthesis..

Al - '
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rganic constituents that represent
some 1ater date standards less
e tor aesthetics w1ll be
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added. This list will undodbtedly include all or most

of the other 13 inorganic constituents discussed in,

the blue book (alkalinity, ammonia, boron, chlorid

copper, hardness, iron, manganese, phosphate,
sodium, sulfate, uranium, and zine). The blue book
sections on fresh and saltwater life add such metals
as aluminum, antimony, beryllum; molybdenum,
nickel, phosphorus, thallium, and vanadium and the
halogens bromine and chlorine. Quantitatively, the
maximum concentrations suitable for human ex-
posure are similar to those for other organisms.
Notable exceptions are ammonia, which may be
added to water in waste discharges and is toxic to
fish (recommended limit in fresh water is 0.02
mg/1); mercury, »for which the-freshwater limit is
0.05 ug/1; and zinc (saltwater limit is 0.1 ug/1). To

meet the recommended limits for these consti-

tuents will requlre essentlally total oxidation or

“removal of ammonia, the prifcipal nitrogen com-
. pound in domestic wastewater, and removal of
mercury. .

Table 1.—Maximum cmaminant levels for lnoFanic chemicals.*

Contaminant Level mg/1
ArseniC....v.ovvivereceoan. 0.05
Barium.......oociieininn.n 1. .
Cadmium .......covvveens <0.010
Chromium ...evvvvuenrdanas 0.05
Cyanide ........oovvuens ~.. 0.2
Fluoride.......vevivevnnrnn 1.1t0 1.8 (depending

. on ambient temperature)
Lead........ o rrseraantaran 0.05 ‘ 4
Mercury.....ooovaveveaanss 0.002
Nitrate(as N} % ............. 10.
Selenium ............ PR 0.01 -
Silver...? .ciiiiceacecaes 0.05 ¢

*Source: Proposed Interim Primary Drinking Water Standazds. EpA’
Ed

An interesting and important conflict between
human needs and general environmental protection
is demonstrated in the case of copper and the halo-
gens. Copper salts are used frequently to control
nuisance algae in water supply reservoirs. Al-
though high concentrations of copper are toxic to
man, the concentrations used for algae control sel-
dom exceed 1 mg/1 and'do not pose a threat. Fish,
on the other hand, may be kiMled by exposures as
low as 0.05 mg/1. Until suitable substitutes for cop-
per are developed, a difficult balance must be nego-
tiated between copper concentrations high enough
to kill algae which contribute to aesthetic degrada-
tion of drmkmg water by producing tastes and
odors and also increase the cost of water treatment,
and protection of fish in our reservoirs. (

The caseof the\halogens is more acute. Chlorine,
our most commonly used disinfectant for protection

of recreational users of water and productlon of

1
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shellfish free frdrN\uman enteric . organisms,  is
toxic to fish at such a low concentration as terchal-
lenge our capablllty of measurmg it. While it is not

" yet established that the"major toxicant is chlorine
itself or the chlormated products produced ) .
treated waste, fish toxicity results fro
tional wastewater disinfection. Initially’
may be between human health prot
vironmental preser(?atlon As a représentative of
a health agency, I can argue only 4or the former.

" From a longer term pomt of view, alternatives to
the usual disinfection must be considered. This may
be by introduction of the added cost of dechlorina-
tlon or by the'use of disinfectants such as_ozone or

ers yet to be investigated.. - - ’
ith the exceptions noted, I would - generahze
that sufface water that is safe and aesthetically
acceptable for huhan use will be sife for the’
~\environment. What I have talked about up to-now
has been relevant to biological toxicants. Qf little
direct public health concern but of tremendous -,
environmental-significance i is the subject of biologi- -
cal stimulants. I refer, of course, to- mtrogen,
phosphorus, and a poo efined array of nutritive

. substances present in treated wastewaters, These
may have immediate,impact on the growth of algae °
and other aquatic plants to such an-extent that

- there i§ interference w:ti) wildlife and .recreation. *

[N

and may lead to general environrhental deg'rada- )

tion. Solution of the problem seems obvious; if
nitrogen al‘d/or phosphorus ‘are key elements that(
may define biological activity,in a surface water,

their removal from-wastes dlscharged to that water -

will prevent nuisance eutrophicatjon, Unfortu-
nately, these elements are important.inofganic con-
stltUents of wastewatqr, especially+ domestic
wastes;” the levels ‘at which biological responses
occur are.very low; and assured refnoval is not
always possible but always expensive. Addifion-
ally, it must be remembered that wastewater does
not represent the solé source of these elements.
Broad environmental management,‘wmcludmg
land use planning and air pollutiop control, are
critically requxre?l Lake Tahoe provides a useful
examplé. It is an’alpine ‘lake that has been de¥
scribed as nitrogen-sensitive on the basis of exten-
sive biosassay, experiments. Ihcreased population
pressures on the lake basm and the desire to
preservg the natural beauty of the lake have led to
the decision that wastes generated in the basin
should not be added to the Iake but removed from’
the basin. This is being done with wastewaters, but
also 1mportant are solid wastes, home use of ferti-
lizers, air pollutants that are cagried down by
precipitation, and general land development. Only ~
a totally integrated effort can preserve indefinitely
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those attributes of Lake Tahoe which make it de- -

servedly famous.-

‘ ,ORGANICS .
*  Table 2 shows the proposed limits for organics in )

s

¢

.

drinking water. In an-environmental sense the list
is incomplete since it does riot include common con-
taminants of other than potable waters such as oil
and grease, phthalate esters, and polychlorinated
biphenyls (P€Bs). These may be added to water
through "waste discharges or other human ac-
tivities. In the sense.of defining criteria, the case
against oils is simplest and althou merical rep-
resentation of the criterion is diificult or impossi-
ble; the requirement that visiblg surface oils. be
absent usually suffices. To protect freshwater
organisms, the blue book recommended levels for__
phthalates and PCBs are 0.3 and 0.002 ng/1, respec-

tively.

4

Table zr—Mumm contaminant Jevels for organic chemicals.*

Contaminant - * Level, ug/l T
Carbon chloroformextract ........cocveuinnn.-. 700.
Chlorinated hydrocarbons Y
Chlordane . > ..ccoieenirniinrsrnsnnnesansss 3.
Endrin ..... U |
Heptachlor. . .. u.vveeieieinnineaenaainn, 0.1
* Heptachlorepoxide .%.........c.covvernaat 0.1
Lindane ... .....oocoiiiiiiiiii it 4.
Methoxychlor .........covuiiieeiiaiinnnne, 100.
Toxaphene, . .......oovvvririeeeeieiennns 5.
Chlorophenoxys: ¢
2,4-D i 100.
2,4,5-TPSilvex.......ccovvvvierinearua.a 10.

#8ource: Proposed Interim Primary Drinking Water Standards, EPA

—— [

A serious deficiency in both criteria and stand-
ards exists in that-the number of organics poten-
tjally present in water is almost unlimited and yet
we use a crude -catchall category, the carbon
chloroform extract, to define our concern. If, for
example, a single organic with a toxicity level equal
to that of heptachlor were present, a concentration
of 700 ug/1 or 7,000 times the heptachlor maximum,
would appear to be acceptable. Clearly, chemical

1tests for toxic organic compounds are inadequate.

Mgfe pertineqt to the protection of human health
would be rapi%\s and meaningful bioassay tests com-
parable to tho! for the protection of aquatic
organisms.: Serious efforts to develop such tests are
needed urgently. .

Of special note'is the current clamor fr thé use of
renovated wastewater for domestic purposes. -
While highly treated wastes may meet existing or
Broposed standards, the'absence of knowledge of
$pecific - organic compounds present and their

' ‘ CHEMICAL INTEGRITY

human hedlth effects, and the observation that car- .

cinogenic substances have been identified in waste-
waters or receiving streams, suggests strongly that
the standards are inadequate for such ‘circum;

stances. To protect the public health such reno- -

vated wastes should not be used as a source of do-
mestic supply until or unless more information is
obtained. The blue book includes a'list of about 100
organic compounds of which the toxicity to marine
organisms has been studied. No comparable data

N

for humans exist. \

L]

DISSOLVED GASES

No drinking water standard for dissolved oxygen

as been proposed; but the blue book does recom-

end a level near saturation. Since oxygen is a
critical requirement for nfost water forms and
waste discharges usually exert an oxygen demand
that results in“receiving water oxygen depletion,
fish and wildlife protection can be provided by
meeting the criterion. Fish protection also requires
that water not be supersaturated and specifies that
the total gas pressure should not exceed 110 per-
cent 'of atmospheric pressire. The single toxic gas
of concern is hydrogen sulfide which will affect.fish
at a concentration as low as 0.002 mg/1. Usually the
presence of an adequate supply of dissolved oxygen
will guarantee the absence of hydrogen sulfide so
that both odor nuisance and fish protection will be
afforded by oxygen. v ’

SUMMARY AND CONCLUSIONS

* I have made reference to‘the principal chemical
factors affecting water quality. In the context of

toxic substances, meeting the 'drinking water -

standards generally will protect aquatic biota.
Since the standards do not inelude biostimulatory
factors these must be added for the protection of
the environment. Wastewater treatment alone may
not be able to provide for total protection so that we
must consider management of the total environ-
ment, including water resource management, as a

necessary condition for restoring and maintaining -

the chemical integrity of our waters. ]

In the short term, wastewater treatment and dis-
posal must be oriented to protect the public health.
As technology and funds become available the same
concerns for the whole environment -should be

“manifested.

-

DISCUSSION (A

Comment: If you were to choose the-Drinking
Water Standards as your model, I think you would

V4
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‘ find that the water quality criteria, for example, for,

' the chlorinated hydrocarbon pesticides are much
lower when you consider fish toxicity; it so happens
\that flsh are much more sensitive to the chlorinated
hydrocarbons so in this case I would recommend
* that one should Jook at both effects, the health
effects in humans and the effects in fish and maybe
@ choose a lower number, but I think that it would be
a mistake, especially iir the case of pesticides, to
choose the much higher numbers as to the health
* aspect in humans. =
Mr. Greenberg: I think that what you're saymg is
absolutely correct, namely, that from a quantita-
tive point of view the Drinking Water Standards
may not be approprlate I myself cited three exam-
ples: ammonia, mercury, and zinc. Here, as with
the pestlcldes, the number, that is, the concentra-
- tion that is specified for human exposure may be
too high for fish or other organlsms inhabiting a
water environment.
I don’t think that invalidates the model the
Drinking Water Standards. It simply indicates that

Nt

we have to adjust the numbers. I'm in complete -

4 acéord with that.
- Comment: I think you kind of slid over a problem
which I would guess that in your capacity you're
well aware of and that is the laboratory problem
Do you see in the next 2 years sufficient advance in
°  the laboratory state-of-the-art to allow routine
monitoring of some of these parameters at the low
levels that you mentioned; for example, I heard you
. say something-about a 0.05 part per ion mer-

. cury standard. To my knowledge that’s not a level .

which you can measure routinely inthe laboratony
Mr. Greenberg: hmk the question is a most ap-

propriate one and @B really very appropriately put s

to the two of us who are standing or sitting now on
the podium.

Dwight Ballinger, as you know, is very much
involved with the development of laboratory meth-
odology for EPA and I have similar responsibilities
both in the State of California and with Standard
Methods. {

I'min a very awkward situation in responding to
th%:uestion in the 'sense that I start by accepting
th
of concern. If I am-told that 0.05 mg/1 is the level of

concern for the aquatic biota, let’s say for mercury
as you used the example, then I'd first ask how was
it measure}? .

How do you know that you‘re really talklng about
0.05 mg/1 and not 0.005 or 0.0005 or even 50 mg/l.

I'm sure that gross'separation can be made, but

4 some of the more yefined measurements may in fact

be beyond what is conventionall)fgossible.

That’'s one area of my concern and relative

which the biologist tells me should be the level

-

embarrassment The other deals with the fact that I

my living from laboratery type activities and
so I should insist on everybody measuring every-
thing all the time because that’s going to be good
for me and people likeme. On the other hand, Irec-
ognize that this is not a soclally desirable way to
spend our money so that, again, we have to negoti-
ate a balance between what we might do and what
it is reasonable for us to do.

I heard this morning very negative comments
with respect to cost benefit analyses. It seems to
me that we have to have an awareness of cost bene-
fits in terms of how many samplésto take and how
many analyses to make. ; -

Thereal issue is how much we are technlcally
able to detect. If we talk about pesticides, I think
that with the development of gas chromatographic
techniques and with the coupling of gas chromatog-
raphy and mass spectroscopy it is really possible to
identify almost anythmg, given time and money
enough.

On the other hand, for some of the inorganic con-

_stituents, we may have techniques but they’re not

nearly as widely used.

Atomic absorption spectrometry is very good.
With the heated graphite atomizer the sensitivity
can be improved still further. Other analytical
procedures, such as x-ray or reutron activation, are -
probably beyond the scope and the financial possi-
bility of most laboratories engaged in water or
wastewater analysis.

I can talk a long time on the question, but Lreally
carr't give you an answer. I think it might be useful
to ask our moderator to make some comments on
thxs ,

Chairman Ballinger: Thank you. I don’t have any
better answer either. However, I think there are a
couple of points that we need to look at. One is the
question of the setting of standards for the protec-
tion of the integrity of the environment. The ques-
tion arises whether the standards should be set on
the best information we have concerning an accept-
able levél of a given pollutant, based on probably
toxi,qological data, or should the standard be set on
what our present technology, allows us to measure.

I raised this question many, many years ago
when I was a very green young chemist with Dr.
Stockinger, whom I think many of you will recog-
nize as one of the Nation’s foremost toxicologists.
He said we will always set the standard on the best
information we have as to the effect of a material
and then we will challenge the analytical chemist to
meet that standard. I think we are and should be in
that mode. -

Secondly, I should point out that our analytical
technology is advancing very rapidly. We are now

e
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measuring things at concentrations that we could _techniques would keep up with the régulatory

. not measure as_receptly as 2 or 3 years ago.

Therefore, I think we as analysts should always
have the challenge before us to meet the standard,
that is, to match our technology to the problem
rather than settle for the status quo.

We need a challenge and I think we are meeting
those challenges. I'm concerned that we not usé*

.limitations of analytical technology as a reason for
not setting the most reliable criteria to prqtect the
environment. '

* Comment: When you're doing this, aren't you
setting unenforceable criteria? If you cannot moni-
tor an industry, these criteria that you have, and
your people who go out to the industry or the
stream or whatever, aren’t you setting unenforcea-
ble criteria? .

Chairman Ballinger: They may be unenforceable
at the moment; I don't think they'll be unenforcea-
ble very long.

We're dealing with a dynamic technology and I
would prefer to say that, temporarily at least, we
may have to report a number which is not as far
down as we would like, but I think that’s still
preferable to setting a standard and then turnin
around this time next year and going out to the
public and reducing the stindard by a factor of 10
because we have increased our technology.

Comment: Don't you leave yourself open to legal
action which could knock out your criteria and put
them back to a limit that could be monitored?
Couldn’t you be taken to court when you say that
you cannot enforce this criteria because we cannot
measure it? Presumably you'd be forced by the
court to go to a monitorable criteria.

Chairman Ballinger: We will monitor and take
legal action to the best of our technical ability at
any time. We will also stipulate that in the enforce-
ment of all of the standards the analytical capabili-
ties of the present techriol will be taken into
consideration in the preparatidn of the case.

Mr. Greenberg: I think this question has raised a
very interesting one; which came first, the chicken
or the egg? Dwight's reply was in the context of the
regulatory agency setting standards which are
based on good criteria and ggod goals but may not
be reachable in terms of analytical capability.

On the other hand, Dwight, as a regulatory

. agency representative, is also responsible for defin-
ing the analytical methods which may be used. EPA
has listed 73 specific substances to be measured and
has defined specifically, by page number, the
sources for those andlytical techniques. v,

Both things now, the standard and the analytical
technique are in the Federal Register and both
have regulatory status. To say that the analytical

EN
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activities, without requiring an annual or a more
frequent change in the regulations is really not
quite true because you still have to change the reg-
ulations for the laboratory methodology. You will
always be jumping in some kind of a leapfrog situa-
tion. I don’t think you can beat that system,
though. ‘ .

Chairman Ballinger: From a pragmatic stand-
point, we find it a lot easier to change the analytical
method than to change the standards.

Mr. Greenberg: I'm sure.

Comment: On that point, do you feel that the cur-
rent practices in making legitimate or making gen-
erally acceptable a given new laboratory procedure
are adequate? Does the cycle for revision of Stand-
ard Methods or EPA methods, respond rapidly to
the advances in the state-of-the-art so as to allow a

timely utilization of these new methods as they be- ‘
come available? ‘ P
Chairman Ballinger: In ters of EPA, for exam-

ple, we do have an annual revision of Section 304(g)
whi(‘:r}?s the test procedures methodology for the

lufant elimination discharge. Thus, there is an
anpual cycle so that not longer than 1 year would
pass without our making a revision.

In the case of EPA, we can begin, at Jéast in our
own laboratories, by the adoption of ap analytical -
method at any time it is ready. It will be then
officially promulgated within 1 year of that time.

I think that’s as sure as we ought to_be. It is
unlikely that we can develop a method, refine it,
adequately test it, publish it as proposed, and then
final, in anything less than a year. I don’t know that
we want any greater turnover time thamthat, but I
think it is adequate to keep up with the technology
as far as EPA is concerned. I'm going to let Mr.
Greenberg talk about Standard Methods.

Mr. Greenberg: I think that most people who use
Standard Methods and who see thé publication
dates of the book may tend to be misled by the fact
that in the last couple of decades the. publication
cycle has been at roughly 5-year intervals. I mean
“misled” in-the sense of thinking that unless it is
within the hard covers of the book, “Standard
Methods for the Examination of Water and Waste-
water,” it is not an approved method by the three
societies which sponsor the production of that book.

The societies, some 10 years ago, adopted a tech-
nique of having a review of procedures presented to
the Joint Editorial Board in published form, more
or less the kind of thing that Mr. Ballinger just re-
ferred to, having that approved and published in
the journal or journals of the society and becoming -
a standard method.

We are hoping that subsequent to the edition

”
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which is now in preparatjon, the 14th Edition,
which should be out towards the latter part of this
year, that the cycle of the actual hard cover book
will be every 2 years. Were aware of the concern

for keeping up and we're doing whatever we're able’

to do to keep up.

Comment: Can you give me a rough figure of the
curren amgal expenditure in monitoring a typical
water'supply in this country?

econdly, by what factor does this great expendi-
ture need to be increased to satisfy his recommen-
dations?

Mr. Greenberg: I really have no dollar fjgures on
this. I know that in California we have some 470
laboratories which are approved by the Depart-
ment of Health for making water analyses.

I know that if the requirements of EPA are met;
either in terms of waste discharge monitoring or
drinking water supply momtormg, or both, the
number of laboratories or the size of laboratories in
California is probably inadequate to handle the
demand. This comes back to that item of concern
which I expressed earlier about how much money
should we spend on monitoring.

I think it's a very difficult thing to do and
although I have not attempted'it, I am convinced
that it's necessary for a balance to be defined

. between -the protection afforded - by additional

monitoring and the costs which the additional
monitoring require.

Comment: We've spoken about the ﬂ'flclencles of
laboratory technique, but I think there’s a problem’
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Likewise, we have potentlal inadequacies of sara-
pling. We also, and this is really the critical thing,
have to have some idea of inadequaties in-terms of
the establishment of the criteria. To get back t@the
0.05 mg/l of mercury, how well fixed 1§ that num-

~ber, becauselenforcement or control reglly hinges

on that number and other numbers like it.

» If .the.criteria and the standards are based on
numbers with huge error factors built into them,
and certainly many of the biological tests do have
large error factors in them, then the ultimate of re-

" finement of sampling and laboratory techniques is

really irrelevant. We’re just barking up the wrong
tree if we're focusing back en a crlterlon which is
really meaningless.

Comment: I'm a consultlng engmeer i

ards you have-the conditions of air po
solid wastes."

In private industry we find that the regulatory .
agency charged by law with enforcement is quite
severe in the private sector, Yet when they en-
counter the comparable situation in the Federal or
State sector the answer is ah, fine, idealistically
we'd like to do it, lm_s_oastramts of our budget do .
not permit this and we permit tolerance, we permit
waivers, we per
installations, including military installations,
specifically in the field*of solid waste, also hostile~
and hazardous waste, and air pollution where some- .
one is locked in for a long term, closed contract, yet

area as far as sampling is concerned. To mention a —emissions admittedly fail to meet State and Federal

- couple of cases: we are in the process of developing
criteria for oxyge d hydrogen sulfide as they
relate to protectiig albeneficial use, in this case,

aquatic life. Thése oxygen and hydrogen sulflde
requirementy are to be measured in the waters@d
sediments.

I'm just wondering if we asked the States to
adopt these as water quality standards how are we
going to measure these constituents of the sedi-
ment? In situ, maybe, or possibly by going down
and digging up the appropriate samples. How do we
do this?

Are we doing any work in this respect?

Chairman Ballinger: I don’t know of any work
that is speclflcally addresseg to the measurement of
dissolved gases in sediments.

My initial i impression is that these would have to
be measured in situ, that the transport of that kind
of sam;)le would certainly degrade it.

Mr. Greenberg: I think that question, thongh can
be looked at from a much broader point of view.

We have commented already on potential inade-
quacies in terms of laboratory methodology.

standards. «

What assurance (lo we have these standards com-
ing forth now are going to be as uniformly enforced
at the gffate and Federal levels as they are in
privat&industry? -

Mr. Greenber, rg: I certainly car\ Iiglve you no such
assurance. I know, for example, in California that
only recently have wé been able to do anything in
terms of standard setting or criteria’ or enforce-
ment, if you will, against Federal 8gencies, but not
including the Department of Defense. I cannot

non-enforcement’ on Federal -

Y

°

"

speak for even California to’give you that kind of* °

assurance and I don’t know- whether Mr. Ballinger
or anyone ‘else could give you that assurance on a
National level.

Chairman Ballinger: Very, very fortunately I am .,

not a part of the Officof Enforcement and General
Counsel.
Comment: [ can make a comm&:t on that. I thmk

part of it is on the way to legislation which is com: “ew

ing around to taking care of this. For example, the
Federal Insecticide, Fungicide and Rodenticide Act
has come out recently Appllcators of the regulated

”, f
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insecticides and so on have to meet safe criteria be-
\fore they can operate on "Federal installations.
Thus, the State is gomg to have a hand in this and I
‘»-thnﬂrthat the legislation is worded just right; all
Federal agencies will have to come into it.
Mr. Greenberg: I think another example is in the
context of the Occupational Safety and Health
Administration. I'm not sure on a Federal level, but

. OSHA requirements are equally applicable to gtate

and local governmental mstltutlons and pnvate .
institutions.

The one difference in terms of dealmg with the
private sector.and the publi¢ sector in the OSHA
context is that the public institutions are not sub-
ject to fines, as are private institutions.

kil
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~ GROUND WATER—FACT L . channels. In one sense these large openings are
~~AND FICTION Ny similar to underground rivers and lakes. .
. ;Qont‘rary to.\popular belief, ground water is Misconception: ‘Ground water is mysterious and
. néither mysterious nor occult; it does not occur in oceult 2 . .
:{ndtzrgr ?lur;d lakes, ;‘;l,ve;sit}:)r vgtms',rhand sprll)ngt . Fact: Natural laws control the occurrence and
ater is ot synonymous with purity. - flese are ou . movement of ground watér and therefore itis -
a few of‘the common. misconceptions concerning - predictable N

.ground water. Since some misconceptions of = . . .o ’

ground water are widgly held, they are first .In past centuries, before the development of

examined before proceeding with a description of . scientific techniques of ground water hydrology,
ground water behavior and attributes. the natural laws controlling water movement were

. unknown. This led to the coricept, preserved in case
 Misconception: Ground water occurs in under- law, that the occurrence and movement of water in’

- __ ground lakes, rivers and veins. . the ground is mysterious and occult—i.e., that the .

Fact:_Generally bodies of ground water bear no principles of its behavior cannot be known. In fact, ,
resemblance to surface water bodies. usiﬂg well'established- natural laws, -the quantlty

In, the vast majority of -cases, ground water and quality of ground water are predictable both in

oceurs in rock formations that have a sufficient spat:fe and in time. ) 0 '
number of interconnected openings (permeable Misconception: Water rushes so'rapidly under-

Y P

. "material) for the water to pass through them. Net *~ | ground that its‘presence can be detected by lis-
7' _commonly, these aquifers (water-bearing rocks) .* tening for the noise. -
- are connected for huhdreds or even thousands of Fact: In most cases ground water flows-only a
. square miles. Along many river valleys, the flood- few tens of feet per year. « o,

_ plain deposits corisist of perméable sand and gravel. Some people believe they can detect the presence
In cases such as thbsh, the ground water commonly  of large quantities of water underground merely by
flows in theisame direction as the surface stream  placing their ear to the earth and listening for the
and there may be a concefitrated underground flow  ryghing water. This is not possible because ground
adjacent to the stream that.is different from the  water moves Very slowly through the earth. In fact,
underground flow in nearby areas. This does not. jp most cases it moves only a few feet ‘per year. Lo-
mean that the ground water flowing in the cally, however, it may flow very rapidly in lime-
stréam-side, depogits is in _any manner similar to  stone terrain characterized by large openings such
water in a surface stream, During the last Ice Age, as caves. Ground water velocity is of particular
when glaciers advanced across the northern part of  jmportance in water pollution problems. Due to its .
the United States, many of the pre-existing stream  glow rate of movement, an area once tontaminated
channels in these areas were filled and the streams  may remain unusable for years. It is primarily for _
, were forced to develop other.courses. Many of  this reason that disposal of-wastes on and in the.
. these now-buried river valleys contain vast quanti-  ground must be closely regulated. - ’
ties of ground water, but the enclosed water must

-not be likened to an under_ground river. This - Mscoﬁi;*éptioz;:- Ground water, when removed
] erroneous concept, however,.is-based on fact, be- from the earth, is never returned. ’ .
cause In areas where limestone- forms the major Fact: Ground water is a renewable resource.
* aquifers, the water may slowly flow in large .
underground openings such as caves and solution In most parts of the country ground water, when
» = . e ’ , ) 41
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removed from the ground, is constantly replaced.
Thus, ground water is a renewable resource. Water

is constantly seeping into the ground and is contin-
ually discharging into streams, lakes, and wells.

" Areas where water seeps into the ground are called

recharge areas; this includes virtually the entire
land surface. Some types of ‘soil, however, will
accept water much more rapidly than others. For
example, the rate of infiltration (the rate at which
water seeps into the ground) through sandy soil will
be much greater than through a heavy clay soil.
Because of this phenomenon relatively high rates of
rechargt (infiltration) occur along river flood plains
and in sandy or gravelly areas. Areas with high
rates of recharge must be carefully managed for
two major reasons. First, they provide water to
underlying groundwater reservoirs {aquifers) and,
secondly, water-soluble waste products stored in
these areas will also infiltrate and contaminate the
underground supply. Consequently,
recharge must be protected in order to maintain the
quantity of water in gjorage and to protect its
quality.

Misconception: Ground water migrates thou-

sands of miles through the earth.

Fact: Most ground water withdrawn is replaced

in the near vicinity.

Much of the water in a groundwater reservoir
infiltrates within a radius of a few tens of miles of
Where it is found,,It has not traveled in the ground
for thousands or even hundreds of miles as some
people tend to believe. There are no huge under-
ground rivers transporting great volumes of high
purity water from Canada to Minnesota, Virginia to
Florida, or from the Rocky Mountains to Jowa and
other Great Plains states.

Misconception: Ground water is not a significant
source of supply.

Fact: The amount of ground water in storage
dwarfs our present surface supply.

Ground water is commonly considered an insig-
nificant source of supply. The fact is, however, that
the quantity of water in underground storage is
2,000 to 3,000 times larger than the amount in all
the lakes, streams, and rivers combined. At the
same time, it is cold, of a nearly constant tempera-

areas of high

o
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In 1970, the United States was using more than
370 billion gallons of water per day. Of this amount

about 20 percent was from ground water, and here )

lies the greatest potential for future development.

A?:)ut a third of all public supplies and about 96
percent of all rural domestic supplies are derived
from wells. About.25 percent of the water used for

irrigation is ground water. Were it not'for these "

huge underground reservoirs, irrigation could not

long exist in the arid and semiarid regions of the

United States. Ground water makes possible

agriculture and indystry alike because it occurs at

the point of use and does not requiretransportation

for long distances.

Misconception: There is no relationship between
ground water and surface water.

Fact: Ground water provides most of the flow of
streams, and lakes and swamps are merely re-
flections of the water table.

It is commonly believed that ground water and
surface water represent isolated systems. Con-
sider, however, a stream in late summer. Although
it may not have rained for several days or possibly
even weeks, there may still be a considerable flow
in the stream. Obviously, this water could not have
been derived from the surface runoff of rainfall. In

large part the stream represents water that has -

flowed from the ground.into the stream channel. In
other words, the low flow of a stream may be de-
rived gntirely from groundwater discharge. -
During low-flow conditions, the chemical quality
of the stream is similar to that in adjacent aquifers,
but during periods of surface rungff and précipita-
tion, the stream quality is considerably different. In
many places, the quality of surface water deterior-

- ates during the late summer and fall because adja-

ture, free of sediment, and of high quality. ‘The

major feature of ground water is its omnipres-
ence—it provides a reliable and*economical water

- supply for all kinds of activities for which surface
water supplies would be uneconomical or even
infeasible.

S

cent groundwater reservoirs are contaminated and
these contaminated ground waters provide thew
stream flow. It is evident that one needs to consider
not only waste disposal directly into a stream but
also the disposal of water-soluble material on the
land surface, particularly in recharge areas. In
other words, there is a close interrelationship be-

tween surface water and ground water and one can- °

not be managed without consideration of the other.

Misconception: The water table is falling™

~throughout the country.

Fact: Although in a few areas the water table has
declined significantly, in most places the water

table rises and falls with the seasons.

Not uncommonly we read in news media that .,
“the water table is falling.” During periods of
drought, when water demands increase substan-
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tially and withdrawals may exceed the rate of nat-
nral recharge, the water table may decline. In most
cases, the decline is temporary and the water level
recovers once the drought is over. A similar prob-
lem of declining water levels exists in particular
areas, such as a few municipalities and large indus-
al complexes, and in extensive irrigatiorr dis-
tvicts. This occurs because the rate of groundwater

pumping over long periods ‘may far.exceed the nat-.

rate of replenishment (recharge) within the
area of supply. In areas of substantial water level
ine, a few shallow wells may go dry or provide

imited quantities of water. Several techniques

level ines, but what is needed is comprehensive
ater management programs. The water
table indeed is falling in a few areas of substantial
overdraft. These areas are generally very small and
unmanaged. In the vast regions of the country the
water lcvel merely rises and falls with the seasons.

~

Misconception: The water level in a well remains
constan )
Fact: The water level must decline in the vicinity

of a pumpipg well. -

er.of a new well may. be so en-
believes there is no water level

The proud o
thusiastic that h
lowering or draw
again is incorrect hecause there must be a water
level decline .in the\ vicinity of a pumping well in
order to force watek to flow to the well. In very
permeable formations such as limestone caverns or
sand and gravel deposits, the;amount of drawdown
may be very slight. With in\creasing yield, how-

_ ever, the drawdown increases and around high-

yield wells, water level lowering may extend

outward for miles.

of <

Misconception: Spring water is synonymous with
exceptional quality. :

Fact: Springs are points
naturally discharging,
contaminated.

here ground water is
ut they 'are easily

Various product advertisements assert that
spring water has exceptional taste, purity, and per-
haps medicinal properties. They may also imply
that well water is of unacceptable fuality. A spring,
however, is merely a point where ound water is
discharging at the land surface. If\has nearly the
same quality as nearby wells and streams. On the

. other hand, springs are easily cont minated, but

the quality of well water is predictable and has
_ _nearly uniform temperature and cherhical proper-
cept when

ties. Well water is biologically pure

CHEMICAL INTEGRITY .

contaminated by sewage Wwaste, the sources of
which lie in the near vicinity. U
Misconception: All well water is naturally of
_drinkable quality. ‘
Fact: The mineralization of ground water.gener-
ally increases with depth and eventually a
point is reached where it is no longer potable.

Not all ground water is drinkable. Lying at-

. depths rghging from a few teéns to several hundred

o

own when the pump is on. This ~

feet is the fresh-saltwater interface. Below this

interface, the mineral content of the water in-
creases substantially and at greater depths it may
be so mineralized that it is considered a brine.
Wells whose total depth approaches the fresh-

LS

saltwater interface eventually suffer from deteri- .

orating quality due to the upward .migration of
saltwater as fresh water is removed. In coastal
areas, overpumping of fresh water may cause mi-
gration of seawater into the aquifer, causing its
quality to deteriorate. Adequate water manage-
ment programs, howeyer, can substantially reducé
problems caused by migrating highly mineralized
water. - . T
¥ X \
Misconception: Since ground water can’t be seen,
nothing is happening toit. '
Fact: We do not know the extent of groundwater
* contamination,-but from available information
we must assume that the threat of widespread
cqntamination of ground water is substantial.

T

<

If an individual laid a raw sewage discharge line -

into a lake, it is quite unlikely that he would with-

draw his drinking water from a surface intake only

25 feet away. The potential health problem ‘would
be easily recognized. Since ground water cannot be
seen, however, the situation is considerably differ-

ent. A cesspool or septic tank drain could lie within// -

95 feet 6f a well, but the potential | problem might
not be recognized.

Karubian § examined the petroleym, pulp and
paper, and primary metdls industries in the United
States in an attempt to estimate the effect of these
activities on groundwater pollution. These indus-
tries produce a vast quantity of wastewater, much
of which is stored in unlined basins and lagoons.

_ The liquids leak from the containment structures

and contaminate ground water. It was estimated
that the total leakage during 1973 from these
structures ‘was 192,815 acre-feet from primary
metals industries, 76,335 acre-feet from petroleum
refining, and nearly 1‘34.000 acre-feet from the pulp
and paper industry. Thus, the total quantity of
leakage from these three industries alone amounted
to more than 403,000 acre-feet of contaminated

3

-
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¢ water (an acre-foot is approximately equal to
326,000 gallons). The ' contamination is occurring

" inderground, is hidden from view, and is not easily
ygcogxﬁzec}.-Nopetheless, the problem is significant.

] }

GROUND WATER: THE
_PHYSICAL FLOW SYSTEM

. In order for us to understand threats to the
chemical integrity of ground water, we must first
Have"an adequate knowledge of the physical laws
governing its flow through the porous route which
makes up the earth’s crust. The first basic situation

we must cansider is: )
) H

GROUND: WATER FLOW * .
TOWARD A PUMPING WELL

\ It is not always a simple matter for an individual
to understand the process by which a well captures
water. Even in our present state of scientific
understanding, the average layman considers a

well as a hole which taps a large underground cav-

ity filled with water. Tl most obvious reason for
man’s ignorance of the true facts about ground
water movement is simply that it is difficult to
understand what one cannot see. The electron
microscopg has brought a whole new micro-world
into focus, but the world of ground water, basic as
it may be, is still often relegated to the world of
mystery. - ' ..

A very brief study of groundwater geofgy will

moves through the intergranular pore spagés of
* sedimentary rocks rather than through/broad
undérground channels, and that wells Vcapture
ground water by draining it from the pore spaces of
saturated rocks. These facts can be best illustrated
in a groundwater flow model which was con-
structed in order to bring groundwater flow into
surroundings where it can be visually observed.
The¢ model (Figure 1a) consists of a water-tight
plexiglass case containing a porous consolidated
mixture of sand and epoxy resin, which simulates a

bfing to light the facts that most groun;/v?ter ,

true sandstone.® The consolidated medium is 18,

inches long, 1 inch thick, and 12 inches high. Water
is recharged into the right end of the model and

- allowed to discharge through an overflow drain in
the left end of the model.

The water level in the right end tank is main-
tained at a higher level than the water in the left
end tank. This produces a hydraulic gradient which
causes the water in the model to move from right to
left through the simulated sandstone aquifer. Ink is
discharged into the model through a perforated
metal tube buried in the right end of the sandstone.

L .
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The ink entering the sand progresses through it in a
thin band marking the path of flow, or flow line,
from each perforation. .

A Ya-inch diameter hole at the center face of the
model simulates a-well from whicth water can be
pumped. When operating 'with the well pumping,
the model closely illustrates the flow pattern of a
two dimensional cross section along the regional
gradient of a radial flow system. The two dimen-
sional character of the model, however, causes'the
well to act something like an'infinite drain channel.
In either case it clearly illustrates the phenomena of
gravity drainage.? - -

While open channel, surface water flow is char-
acterized by turbulence which results in useless dis-
sipation of potential energy, ground water is
characterized by laminar flow which conserves all
its energy for the'single pufpose of overcoming fric-
tional resistance. This resistance is imposed upon
the flow by the vast surface area present in the
average sedimentary aquifer. When the ground

water system is undisturbed, thg flow will follow -

" along nearly straight "parallel lines at velocities
which depend directly on the magnitude of the per-

.~

meability of the rocks and on the slope of the hy:

draulic gradient. The pumping of a welt alters the
- system by creating an unusually low hydraulie head
at the location of the well. The magnitude and di-
rection of the hydraulic gradient and hence the

velocity” ad direction of the groundwater flow is .

changed everywhere within the area of influence of
the well. The flow paths while remairing laminar
will then become curvilinear as they approach the

4ell, but a high degree of parallelism will still be .

maintained. .
_ Figure 1b shows the model 23 minutes after the
“entrance of the ink; the flow bands have moved

partly across the model under a small hydraulic .

gradient prior to the start of pumpiné. The *varia-
tions in the thickness of the flow bands in Figure 1b
are due to adjustments in the ink input made by the
author in order’to finally arrive 'at neat, thin
flow bands. Figure 1c shows the flow bands 2 min-
utes after pumping began in. the small well at the

center of the model. The existing pressure field was °

modified quickly to conform to the new boundary
conditions. ) .
" The coloring matter began movg slowly along
an_infinite set of-new stream linds, which inter-
;?c%d the lines of the old pattern at finite angles.
hey finally stabilized in a pattern coinciding with
the actual stream lines determined by these new
boundary conditions as shown in the photograph
(Figure 1d) and the flow net diagram (Figure 2).
When the pump was removed, the curved flow lines
moved horizontally as a unit (Figure 1e) until the
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model The pictures were taken at the following times. A at 0 min.; B at 23
began (24 mun. after entrance of ink); D at :J mun. after pumping began, E at 6
11 n 1, F at 25 nun. after pumping stopped Photographs B through F are

¢

FiGURE 1 —Photograghic history of a groundwatér flow
min. after the entritdcg%f ink, C at 2min after pumping
min, after pumpingrafopped (pumping had continued for
enlargements.of the porous consolidated medium shown in A

’
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ink was flushed out of the model and only the hori-
zontal bands appeared (Figure 1f). Here an almost
instantaneous change in the vectors of motion of the
water particles took place because the reaction time

is very fast in small models. In the nonpumping sit- °

uation all the vectors were approximately equal,
hence the old flow bands appeared to move as a
unit. =

The most \interesting observation made in the
study of this model (Figure 1) was the complete lack

.. of a transition phase of the flow bands as they

appeared before pumping,™and as they appeared
aftér pumping had taken place for a few minutes,
At almost the very instant the well began to pump,
all the particles of water within the radius of influ-
ence of the well acquired a new vector of motion.
There was no realigning of old flow barids because
the old flow bands ceased to exist when pumping
began. Each particle of water was on its own to
take its place’in the new net, similar ¢¢ individuals

.
-

. m. INTEGRITY OF WATER

in a marching lénd when a new formatijon is
imposed. i

The change in the flow net is dependent upon the
water level in the pumping well. Any change in
boundary conditidhs in the system, such as draw- o
down.jn a well, will be felt throughout the system
resulting in adjustments of the pressure distribu-
tions in aécordance with the new boundaries.!! The
speed with which these adjustments occur can be
determined by the Theis non-equilibrium/equilib-
rium equation 2

t

g -146Q

T - ") d u
A

s = drawdown at any point, in feet . . .
Q = rate of discharge of the well in gallons per

~  minute

T = coefficient of transmissibility, in gpd per ft.
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FIGURE 2. ~Flow diagram of well model shown in Fig. 1. The path which a particle of water follows is called a flow line; these are -
represented by solid lines with arrows. The head decreases along the path of flow. Lines connesting points,of equal head are called
equipotential lines; these are represented by dashed lines. An unlimited number of flow and equipotential lines can be drawn in any )
flow system; however, in a flow diagram a finite number of lines suffice to best illutrate the general pattern of flow, (Scale = /2 actual ' ‘

model.)
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r = distance between pumped well and point of
‘observation, in feet

coefficient of storage, dimensionless

time the well has been discharging, in days

a dimensionless quantity varying be-
tween the limits given

Il

[~IR a7 ]
it

-

This equation was derived upon the simplifying
assumption that the removal of water from an
.aquifer is exactly analogous to the removal of heat
from a metal plate, for which the equations are
already known. ) :

Study of the flow pattern surrounding a pumpi
well is important to the problem of water qualit
In many locations the” quality of water will vary
with depth. Water at different depths.may ‘have
-originated from separate source areas and moved
through rocks of different chemical composition,

_thereby Being #xposed to the solutioning of dis- . -

. similar ions.-Often the water at certain depths in a

specific location is potable while at other depths it is

not’, A careful predetermination of the flow near the

- proposed supply well will delineate the vertical

- zone from which water will be captured. This will

' insure avoiding any contamination by poor quality
water. < ) -

The limits of the well’s area of influence should
also be determined for most wells, especially where
there is a possibility of groundwater contamina-
tion. In some areas, such as Long Island, N.Y,,
industry is obliged by law to return water used only

_ for cooling purposes to the groundwater body. The
used water is very warm, and care must be taken
not to allow this water to heat up the fresh supply
of water being used for cooling. If this is allowed to

( happen the water used for cooling purposes will be

"1 - warmer to begin with and, therefore, will do a less
efficient cooling job which will result in higher cost
to the industry. By studying the flow net surround-
ing the pumping well, it is possible to determine
how far distant a recharge well must be placed in
order to prevent the recharge water from returning
to the discharging well.

[Y

. ANALYSIS OF WATER TABLE DRAWDOWN
-. SURROUNDING PUMPING WELLS -

Having considered the flow pattern to qumping

well, it is: now necessary to study the/ effects of

pumping on the level of saturation or “water table.”

It is important to understand that all the ground -
y. wateravithina single set of hydrologic/and geologic

- s

boundaries is patt of a single hydrologic system.
Changesin any ‘part of it wi{l eventually modify con-
ditions-throughout the entire system. !

A hydraulic model analogous to very general sub- '

surface geologic conditions was constructed for the
purpose of studying and demonstrating the changes
in the configuration of the water table produced by
pumping wells.* The model consisted of a water-
tight plexiglass case containing a consolidated me-
dium, which was a mixture bf sahd and epoxy resin.
The model case was made of plexiglass Yz-inch
thick; the inside dimensions were 33 inches by 12
inches by-3 inches.

The medium at_the extreme right of. the model

_ was impermeable and was intended to represent

the subsurface portion of an igneous mountain
front. The remaining medium within the model had
3 rating of approximately 2,000 Meinzer units (gal-
lons per day/foot.?, 1:1 gradient). The leff end tank
of the model was intended to represent the cross
section of a stream channel into which water was
recharging; the sloping top surface of the porous
consolidated medium was ‘intended to represent a
tributary channel capable of leading runoff from the
mountain front to the main stream channel. The
model contained 30 wells that accurately measured
the position of the water table. All of the wells were

. Ys-inch in diameter. The lowest 6-inch stgment of

the four deepest wells was screened; the rest of the
wells were open only at the bottom. A small bead of
red wax was placed in each observation well so that
the water level would be clearly visible.

Figure 3 shows the model before and after well B
had been pumped for a long\ enotgh period to
achieve a steady state condition. The white line
marked “static water level” illustrates the position
of the water table before pumping. The definite
effects of the boundary conditions\upon the cone of
depression are shown by the black line on the
model. The limb of the cone to the right of the well
was almost flat, due to the effect ofithe impermea-
ble3fillindary on the right. Since’thé well was
unab take water from storage beyond this
impermeable barrier, it was forced to take an in-
creased amount of water from storage in front of
the barrier. This resulted in the lowering of the
cone of depression in that area. The cone of depres-

-sion at the left of the well extended to the surface of
the recharging water. At that point enlargement of -

the cone ceased, for recharge from the end tank
was induced and the necessity for drawing
additional amounts of -water from storage within

the aquifer was eliminated. This is exactly what +

happens when a well.-being pumped near a stream

extends its cone of depression to the edge of that
; B,

stream.’
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' FIGURE 3.—~Photograph of the cone of depression model after

pumping in well B had reached a steady state. The cone of
depression is drawn in black.

depression is drawn in white.

FIGURE 4.—Photograph of the cone of depression model after
pumping in well %ached a steady state. ThéXcone of

: EARRE
LT

1
L0 11 11 TSTATIC WATER LEvEL

11
1)
L

AL B
FIGURE 5.—Photograph of the cone of depression model after
pumping in wells A and B had reached a steady state. The exist-
ing multiple cone of depression is drawn in Mwh“xle the indi-
vidual cones of depression of wells A and £ {as shown in Figs. 3
and 4)-are drawn In white and black; respectively.

i

Figure 4 shows the model after well A had been

pumped for a long enough period to achieve steady
state conditions. The surface of the cone of depres-
sion is drawn in white on the face of the model.

Once again, the effects of the two.boundary condi--

tions are evident. In this case, the effect of the
source of recharge was more, intense than the effect
of the impermeable barrier, for well A was closer to
the recharge tank than to the barrier.

In a multiple well system where surface recharge
and evaporation are negligible, the drawdown at
any point within the area of influence is the sum of
the individual drawdowns of each well in the sys-

tem.!* The results of investigations with the mode)-

verified this statement. When wells A and B were
simultanﬁusly pumped long enough to reach the

[

v ‘A’ .
. - :
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steady state condition (Figure 5), the composite
cone of depression was the sum of the individual
cones. Both wells were pumped at the same rates as
those used to obtain the information depicted in
Figures 8 and 4, respectively. The black line on the
model in Figure5 represents the individual-draw- .
down caused by putnping well‘B (as shown in Fig-
ure 3); the white line répresents the individual
drawdown caused by pumping well A (as shown in
Figure 4). The gray line on the model represents
the drawdown caused by the simultaneous pumping
of the two wells. It is readily apparent that the,
vertical distance between the gray line, and the
static water 16vel is equal to the sum of the vertical
distances between (a) the. white liie and the static
water level and. (b). the black line and the static
waterlevel. . . oo

This hydraulic model also can be um study
artificial recharge by wells. Because this practice is
being widely used today, it is important that the"
effects of such recharge upon the shape of the water
table be clearly. understood. It has been proved
theoretically that the cone of impression brought
about by a rechargin®well will be a mirtor image, of
the cone -of depression formed by pumping the well .
at the same rate as it is recharged.”An experiment
was perfgrmed with the model to verify this rela-
tionship; the results of the tests are s wn in Fig-
ure 6. The upper séction-of Figure 6 is a photograph
of the model prior to pumping; the white line repre-
sents the stati¢ water level. The center section of
the figure shows the model after well'B was -
pumped long enough to réach the steady state.
Pumping was then stopped until’ the water level
recovered to the stati¢ position; at that time re-
charging was begun at the same rate that the well
had been discharging. The lower section of Figure 6
shows the model after the steady state conditions
had been reached. It is readily apparent that the
cone of impression, drawn in gray above the static:
level, is the mirror image of the previously formed
cone of depression, drawn in gray beneath the
static water level. ° : .

The principles 'demonstrated. with the cone of
depression model have important implications in
applied hydrology. Ome concept illustrated by the
model is thdt it is advantageous to place a pumping
well as near as possible to a source of recharge,
Prior to developmeént by wells, fhost aquifers are in
a state of dynamic equilibrium, that is, natural_dis-
charge is equalled by natural recharge, and the .
quantity of water in storage remains essentially
constant. "+ ¢ ’

When wells tap an undeveloped aquifer, a,new
discharge is superimposed upon a previously stable
system.’ This“must be balanced by an increase in

49 [
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FIGURE 6.—‘I;hotographs of ‘the cone of depression model A

under static water level conditions; B after pumping in well B

..reached a steady state; C after recharging into well B reached a
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Although groundwater users may put their wa-
_ter to work in m4ny different ways, it is surely in
the best interests of all that the common water sup-
ply be conserved so that it will yield the optimum
quantities of water at the most economical rates. A
thorough understanding of the physical principles
which govern thé performance of a groundwater
system: will lead to more efficient planning and use
of water. Study of the various configurations of the
water table brought about by-the puniping of water
table wells will definitely help groundwater asers
understand their individual positions in the req’qnal
groundwater system. “y '
~ A most important fact illustrated by the model is
shown when it is assumed that wells A and B (Fig-
ure 5) are owned by different farmers. Both of the
owners must Tealize that when either well is
pumped the water level at both wells will be
affected. Thus, because the subsurface aquifer
along with its areas of surface water recharge and
discharge is an integrated system, it must be
jointly controlled and operated by all water users if
the optimum benefits of its water supply are to'be
gained + ) .

+

GROUND WATER# FLOW TOWARD, _

" AN EFFLUENT STREAM

One of the mast interesting groundwater flow

steady state.

.

L

. induces increased natural recha

natural recharge, a decrease in natural discharge, a
decrease in storage, or a combination of all thee.
The system is temporarily in a state of non-equilib-
rium until discharge from it again equals recharge.
The ultimate coné of depression of a pumping well
is the mechanism through which the recharge and
discharge are equalized. When the cone of depres-
sion reaches a recharge area where recharge

previously was being rejected, it causes an fncrease , - k >
. water useT to ptdve that pumping cannot deplete

in the natural recharge by steepening the gradient.
When the cone of depression reaches a natural dis-
charge area, it decreases the gradient and hence
decreases the quantity of natural discharge- When
a well is placed close to .an area of rejected re-
charge, such as a stream or swamp,. its cone of
depression rapidly reaches the nfcharge area and
ge. Only a very
shallow cone of depression is required in this case;
well A in Figure 2 illustrates this fact. Whena well
is placed far-frem the recharge area it W'imﬁke
longer for the cone -of depression to reach it and
ence a deeper cone will result; such a situation is
shown in Figure 3. - ‘

D]

patfte

in.nature Jocen

ih theVicinity of an efflu-

ent stream, a stream which is supplied-by the sur-

rounding ground water. Leg
from misinterpretation of i

disputes have arisen -
rmation about t};e .

<
flow patterns near such streams.

levels in

wells drilled along an effluent stream can higher
than the water level of the stream, and this fact has
beerrsubmitted as evidence that ground water and
surface water are not connected.'® Once established
as afactin eoiii?-t "a decision can be obtained in some
State$ that #ctien taken upon the groundwater
body canngt possibly have any effect on the siirfade
water body. Such a stand may be taken by a ground

surface water. A groundwater user could sithilarly
argue'that he cannot cohtaminate surfacé water by

discharging waste rinto his well. Results derived

froip a hydraulic miodél,” analogous to the geologic
 setting commonly-found near an effluent sfream,
show that such argg’ri:ent§ im, many cases may be
spurious. Only by ddequate_dgfinition .of both the
geology and hydraulicg~fiear the stream can the
courts render sound jdgment on such matters.**
The model (Figure ), consists of a watertight

plexiglass case containing a porous consolidated-

mixture of sand ;and-epoxy resin.® It is 30 inches
long, 1 inich thick, and 12 inches high at each end
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and slopes down to a small channel near the center.
The channel represents the cross section of the ef-
fluent stream. Ink was discharged into the model
through a perforated brass tube buried in each end.
The ink entering the sand progresses through it
and marks the path of flow, or flow line, from each
perforation. Water was recharged into both ends
and discharged only from the simulated stream.
The water table nearly coincided with the rock sur-
- face on either side of the stream. Figure 7 indicates
the general direction of flow at several times after
the flow of ink was started. | P)
The flow lines turn up near the center and appear
to defy gravity. Although the water is definitely
flowing upward topographically, it is flowing down-
ward hydraulically in accordance with ‘physical
principles. Ground water always mowas from
regions of high hydraulic head to regions of low
hydraulic head.
. The effluent stream may be compared with a
horizontal well. In a manmade well, an area of low
head is produced by pumping and the ground water
thus flows from the surroundmg aread of high hy-
draulic head to the region of lower head near the
well. The effluent stream is also an area of low
head, but the head distribution about the stream is
a function of the topography and rainfall which have
caused a high water table to form; a region of high
hydraulic head surrounding the topographically
low-stream channel is thus furnished. Conse-
quently, water moves from the adjacent highland
° intothe stream. -.
peaan: - -~ Kigure 8 shows the flow diagram of the effluent
- ... stréam medel. Flow follows the direction of maxi-
’ mum g'radxenf as a ball takes the steepest path
when rollmg slowly down a hill. Sinee the gradients
are maximum along paths normat to the equipoten-
tials, the flow lines cross the equipotential'lines at
right angles and thus form a conjugate system. The
equipotential lines beneath the stream become hori-
zontal as they connect points of equal hydraulic
head on opposite sides of the stream. The ground
water flow- which crosses these equipptentials at
right angles must therefore move vertically upward
in this region. - i
The increased potential with depth beneath the
effluent stream was verified in the model. Two
wells. were drilled in the stream channel and
screened at different depths. The witer levels in
the wells rose to different heights above the level of
the stream itself. The deeper of the two wells had
the higher water level which indicates the high po-
tential at greater depth.
Comparison of the rates of movement of the flow
lines-(Figure 7} shows that the flow along the base
of the aquifer is much slower than at points higher

» @
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flow system; however,

N \

ream model shown in Fig. 1. The path which a particle of water follows iscalled a flow line;
ws. The head decreases along the path of flow. Lines connecting points of equal head are -
% indicated by dashed lines. An unlimited number of flow'and equipotential lines can be drawn in any
n a flow dia'gram a finite number of lines suffice to illustrate best the general pattern (about % actual size).

in the-ffiodel. Thi knowlédge is \'lery i i he utilization of groundwater i-ésourd. A model
studying streams near the sea whi e subject to  experiment was performed® in order to study the
ides. The saltwater

onshore winds and saliwater

may move up the stream‘d’uﬁlg a storm angraise
the ,water level, and thus temporarily reverse the
ground water gradient. During this temporary flow
reversal, saltwater moves from the stream*to the
groundwater body and because of its high density
may eventually sink to the bottd of the forma-
tion.* A saltwater mouind is phereby formed be-
neath the stream channel; th mound may have a
long-lasting, detrimental effect on water supply
wells in the deep portion of the aquifer near the
stream channel. Although the original groundwa-
ter gradient may be resumed soon after the stream
subsides, a long time will be required to wash out
all the salt by the comparatively slow movement of
ground water through the deep zone. A town’s wa-
ter supply can be temporarily impaired beyond use
by this phenomenon, but this occurrence can be
avoided if water supply wells are placed at a safe
distance from the bank of any stream subject to salt
water tides.

ANALYSIS OF GROUNDWATER FLOW AROUND
AND THROUGH LENTICULAR BEDS

Regional groundwater patterns may be effec-
tively altered by the presence of lenticular beds
intersecting the general direction of flow. The fyan- _
ner in which these lenses can affect the normal flow
has often been misunderstood by peaple involved in

~
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flow patterns around and through lenses of differ-
ent lithologies. . -

The horizontal model,® Figure 9, 18 inches long,
12Nnches wide, with an inside thicknesg.of 1 5/8-

“inches was utilized for this purpose. The model has

a 3/8-inch plate glass top and bottom, while the
sides are sealed with opaque epoxy resin. Alumi-
num reservoir tanks, 3 inches deep, are attached at
each end, extending out 2 inches from the model. A
12-inch strip of 1-inch aluminum angle bar is-bonded
to the glass top at each end so that the water levels
in the reservoir tanks can be maintained above the
level of the model to produce a confined flow sys-
tem. The model contains porous consolidated mix-
t&s of sand and epoxy resin, simulating sedimen-
tary rocks, which have been formed into a pattern
representing a particular geologic strueture. The
oblate lens shown on the right in Figure 9 has a
coefficient of permeability of less than one USGS
unit (gpd/sq ft/1:1 gradient). The eliptical lensson
the left has a coefficient of permeability of 10,00Q

. USGS units, and the encompassing medium has a

permeability of 2, SGS units.

Figure 9 shows a Man view of the model as ink
flow bands, emanating from ink reservoir cups
attached to the’ right end of the model, moved
through the porous consolidatea—_\ medium under a
small hydrfaulic. gradient. It is interesting to note
(Figure 9) that flow band No. 3 in the center bifur-
¢ated, completely wrapped around the oblate lens,
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then reunited into a single flow band and continued

toward the second lens. Flow bands Nos. 2 and 4
were forced outward by the effect of the impermea-
ble lens but were then attracted toward the center
of the second lens because of its great pgrmeability
and large capacity for transmitting water. As the
flow bands left the second lens they again spread

,due to the decreased transmissibility of the encom-

passing médium.

Many persons believe that a small area down-
gradient from an impermeable,lens will be ‘a dead
area with no flow moving in (()r out. This model
experiment supports the fact that there are no dead
spots or stagnation zones in saturated laminar
groundwater flow. ° ’

There is, however, a point of zero velocity, or no
flow, called the staghation point, which may occur
within a flow system. When flow bands bifurcate or
unite around some boundary condition, such as the
impermeable lens in Figure 9, or a cone of depres-
sion of a pumping well,’* there will be a point

1
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around which the flow lines, contiguous to tlfe
boundary, pjvot as the direction of flow is changed.,
This point is called the stagnation point. It has no
area or volume, but js simply an infinitesimal point.

~Whep considered in'three dimensions the point be-

comes a series of points on a line. With the excep-
tion of these stagnation points, there is a positive
velocity vector acting everywhere within the pore
spaces of a saturated porous medium when a hy-
draulic gradient is imposed- upon it. However, al-

, though all the water in the system will flow, the

velocity of flow will not necessarily be constant
throughout the porous medium. This can be seen in
Figure 9, where all the ink bands were injected
simultaneously into the model, but flow bands Nos.
1,24, and 5, at t es of the first lens, traveled
at greater velocities-thanhand No. 3 which began
directly behind the lens. In“this model the water
immediately down-gradient from the impermeable
lens was definitely not stagnant or motionless. The
water flowed very slowly from this area and was

h -

FI(EUBE 9, — Photographic history of the horizontal lens model, The pictures were taken at the following times after the entrance of the
ink: A at 6 mun., B at 18 min., C at 34 min., and D at 44 min, . J:~
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cohntinuously replaceg by water flowing-from a posi-

tion of higher potential in accord with the equation

of continuity: .
L 8§

® Q = AoV

where Q = volume rate of flow,

cross sectional area normal to flow,

velocity of flow, and

porosity of porous media.

wnoun

o <>

The flow diagram of the lens &s}gde’l/appears- in
Figure 10. The path which a payticleiof avater fol-

lows is called a flow line; these are represented by
solid lines. The head decreases along the path of
flow. Lines connecting points of equal head are
called equipotential lines; these are represented by
dashed lines. An unlimited number of flow and”
equipotential lines can be drawn.in any flow sys-
tem; however, in a flow diagram a finite number of
lines suffice to best illustrate the general pattern of
flow. As previously stated, flow follows the direc-
tion of maximum gradient, mich the:same as a ball
will take the steepest path when rolling slowly
down a hill. Since the gradients are maximum along
paths normal to the equipotentials, the flow lines
cross the equipotential lines at right angles, thus
forming a conjugate system." 0

If flow lines are first drawn at equal intervals

° /

along a known equipotential line, the quartity-of
water flowing between any two flow lines will
always be equal, assurfiing a unit depth, with no
additions to or losses from the saturated system. If
head loss between all.adjacent equipotential lines is
maintained constant, then the flux of water moving
through every element of the net bounded by two
flow lines and two equipotential lines will be equal.
This system of constant density flow lines and .
equipotentials is utilized in the flow net in Figure
10. - & '

The change in thickness of flow band No. 3 as it

_moved around the first lens is of considerakle

interest (Figure 9). It was a thick band, both in
front of the lens and behind it but, as it rounded the
corner, it was very thin. In order for this to occur in
homogeneous media, the velocity of flow must be
much greater where the band is thin than where
the band is thick, in order to satisfy the contjnuity
equation; that is to say, when Q remains constant,
V must increase as A decreases. The flow diagram
of this model (Figure 10) designates these velocity «
variations by the changing dimensions of the flow
net elements. Within a single medium, the velocity
is greatest in the narrowest elements and lowest in
the widest elements.

A great deal cag be learned from this model in
regard to the proper placement of wells seeking
uncontaminated water. Many mistakes have
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méde in the placement of wells in areas of known
toxic waste disposal. One common misconception is
that the shadow of a low or impermeable formation,
such as an igneous plug or stock down-gradient
from a point of waste disposal, offers a water sup-
ply safe from contamination. This model indicates
that this so-called shadow area only offers a delay
rather than an escape from the inevitable cont4mi-
natien. In contrast to this observation is the excel-
lent possibility of obtaining relatively uncontami-
nated water at some distance to the right or left of
the high permeable lens. When such a lens occurs.
directly down-gradient from the location of the
waste disposal, it may have the effect of concentrat-
ing the waste fluid in a small cross-section of flow,
leaving the area to the sides of it uncontaminated
and, tRerefore, capable of supplying potable well
water. -

.

GROUND WATER: MAINTAINING
ITS CHEMICAL INTEGRITY -

In the previous sections of this paper we have
examined the physical charactéristics of ground
water movement and concurrently touched on a few
of the potential pollution problems which'may alter
its chemical quality. Let us now examine more gen-
erally many of the additional ways that ground
water hecomes contaminated and then consider
potential methods by which groundwater contami-
nation can be controlled or at least decreased.

Groundwater pollution is caused by man’s activi-

" ties—excessive pumping from coastal wells, irriga-

.tion, manufacturing, mining, and many others, but
most importantly, groundwater pollution is caused
by poor or inadequate waste-disposal practices.
Waste materials are commonly disposed of by plac-
ing them in streams, on the land surface, or in the
ground. i
Wells near streams cause the water to flow.from

the stream into the ground, and thence to the well. _,

" If a stream is grossly polluted, this undesirable

water may contaminate nearby ground water and
wells—but it may take several years for the pol-
luted water to show up at the well and by that time
perhaps the entire area between the streanr and the

. wellis contaminated. . '

This type of groundwater pollution can be re-
"duced by prohibiting the dumping of noxious

- chemicals and other wastes into streams. Strict

‘enforcement of surface water quality standards,

which already exist, will go a long way towards a
solution of this problem.
an commonly spreads wastes on the land sur-

¢
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face and stockpiles raw materials or” finished
products outside. Many of these substances contain
chemicals that dissolve in watgp—in-rain or surface
runoff.. Once dissolved, the ighly nihteralized or
polluted water may slowly sink )'}nto the soil, leading ~
to groundwater polldtion. i
Examples include dumps, manure piles, mineral
ores, stockpiles of salt for snow removal, and hun-
dreds of others. Animal feedlots have contaminated
ground water with.excess amounts of nitraté—a
health hazard. Stockpiles and salting of roads in
winter have caused well supplies to taste salty. And
groundwater contamination by leachate from
dumps has caused foul tastes and odors.
Groundwater pollution caused by spreading
wastes on the land and stockpiling other materials
can be lessened by-the development of state regula-
tions controlling such practices. Open and
unregulated dumps should be prohibited. Stock-
piles should be covered or drainage ditches con-
structed around them so that the runoff can be
collected and treated. Permits should be required
but issued only after considerable thought and eval-
uation of the potential consequences. In many in-
stances, bonds should be required which would be
forfeited if the operation isn’t managed properly.
The operator could be held criminally liable if
groundwater pollution occurs. All of the regulations
should be based on sound stientific principles.
Unquestionably the most serious and widespread
causes of groundwater pollution are related to the
storage or disposal of wastes in the ground—pri~
marily by septic tanks and secondarily by holding
ponds and lagoons. The wastes filter down to the
water table and may later be withdrawn from a
well. The same is true with outdoor privies and .
cesspools, waste disposal in excavations and sani-
tary landfills, More insidious, and in some ways
more dangerous, is the leakage through ruptured
and corroded storage tanks and transmission liness
of materials such as gasoline, fuel oil, and radioac-
tive wastes. - , !
Wells contaminated by privies, cesspools, or sep-
tic tank wastes can lead to waterborne diseases and
epidemics at the worst, or the water may have
bad tastes and odors-or even produce soap suds!
Toxic compounds such as chromium and organic
chemicals have appeared in wells because the
ground water was contaminated by wastes from
holding ponds or lagoons. The disposal of oil fiel
brines in holding ponds or evaporation pits has led

,to the pollution of literally thousands of.sites. with

salty water. The contaminated water may be.so
corrosive that plumbing ins pumps literally falls

- apart, and if the water is used to irrigate a lawn or

PO

garden, all of the vegetation dies.
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The effects of drinking water contaminated by
radloactlve wastes are very subtle and may require
long periods of time to become evident, but leakage

_ ~of gasoline into the g'round has led to taste and odor
" problems which are minor compared to the destruc-
tion brought about by explosions and fires. In a few
cases, gasoline floating on the water table has

.leaked ihto basements where the fumeS\ were
ignited by pilot lights or sparks.

Many of these groundwater pollution problems
cannot be easily solved but controls can be devel-
oped so that future problems are minirized. Do-
mestic waste disposal will be less of a problem if
State agencies develop strict guidelines on septic
tank spacing and prohibit the use of outdoor privies
and cesspools. Industrial and municipal holding
ponds and lagoons should, in most situations, be
lined with material that will halt the slow infiltra-
tion to the water table. The ponds should be pro-
tected by dikes and alternate containment facilities
and before a permit is issued methods should be
available for the control and cleanup of ground-
water pollution in the event that it should occur.
Performance bonds and stiff fines coupled with
stringent permit procedures would go a long way
towards proper waste disposal management.

There are many other causes of groundwater
pollution.

Problem: The leakage.of highly mineralized or pol-
luted water through unplugged abandoned wells
and exploratory holes or through improperly con-
structed wells.

Control: Adequate water well construction stand-
ards. State requirement that all abandoned wells
and éxploration wells be properly plugged.

Problem: Drainage wells and collection sumps are
designed to drain swampy or water-logged land so
that the water flows deeper into the ground or to
collect spilled materials. Much of the drainage
water and spilled substances are highly mineralized
and sink froni the wells and sumps into water-
bearing strata. w -

Control: Prohibit the use of drainage wells and col-
lection sumps except for domestic use, or require a
permit procedure under strict guidelines.

Problem: In some mstaﬁ'ces,jvater supplies are ..

contaminated b(accldental spills, such as truck or
train wrecks.
Control: Obviously, it is not possible to prohibit

aceidents but it is possible to consider if the mate-

ble. -Furthermore, it is also possible to devé

There are many sources of groundwater contami-
nation. In order to visualize whether a certain proc-
ess or activity may cause groundwater pollution,
one has to ask himself only one question—does the
product or waste material contain water-soluble
substances. If it does, then there is a good chance
that groundwater pollution may occur if adequate
precautions are not followed. ¢

Although the final responsibility for the develop-
ment of adequate regulations to protect our
groundwater resources rests with State and Fed-
eral agencies, the average citizen must get involved
in order to recognize and press the issues. After all,
we all drink water, we must have it to survive, and
at least part of the responsibility for its safeguard-
ing rests on our shoulders.
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DISCUSSION

ound water? Is it zero for further contamination?

rials are being handled in the safest manner possi- . Comment: What is your definition of mteg'nty of

* quick cleanup techniques. This should be done.

-

Or‘,_ you jokingly said that some streams could be

26 ‘
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sewers or some aquifers that have terrible quality
of water— =~ - R

Dr. Lehr: I feel exactly that way. There are
indeed aquifers that have poor quality of water nat-
urally, and in no foreseeable future could they ever
be used as potable supplies and I think there’s no
reason why we cginnot dispose of our wastes into

- them.

They're generally very deep. They have salinity

greater than 100,000 parts per rhillion and we

\I\ should be able to develop and construct really super
disposal wells. The regulation in deing that is very
severe, but when done right it’s terrific and I think
we can consider them sewers and dump our water
into them. -

The- standards for maingaining the integrity of
potable aquifers, aquifers that can be used for
drinking water today or with a little cleaning in the
foreseeable future should be the same as surface

water. In other words, the drinking water stand-" -

ards, as best we define them, should be used.
Comment: I was .wondering if you could explain
deep well disposal and, secondly, pretreatment for
deep well disposal of effluents.
Dr. Lehr: Well, deep well disposal is the emplace-
* ment of pollutants purposely in the ground through
deep wells. You don’t ever want to do it on the sur-
face or anywhere near the surface but you can use
zones that are already unusable and are not as-
surged to ever be usable for one reason or another.
The pollutants will be stored there and will not mi-
grate any great distance at a later time and get into
. usable water. We kn so much about ground
water, we can chart the movement of these under-
ground formations and we can tell if the pollutant is
placed properly and the well casing doesn’t leak
upward and that the deep zone is not hydraulically
connected to a surface water zone by some fault or
crack in the rock or high permeable zone that
moves vertically downward. Then we know that
this pollutant is going to be out of our way for hun-
dreds of years effectively, and we have a good place
to put the waste. It is done, it can be done, but
more often than not it's done poorly and they leak
and cause side effects and sometimes the wells blow
out of the ground because the pressure is so great.
A certain amount of pretreatment is generally
needed so as not to plug up the deep zone of rock.
As far as potash goes, I don't know specifically —I
mean I know what potash is and I'm not aware of
any potash disposal wells and possibly through my
ignorance I don’t see any reason why one could not
dispose of potash or anything else.
We know we can dispose of radioactive wastes
this way if it's done properly. Sometimes without
too much worry if the half-life is reasonable like 50
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or 100 years; if it’s very long, we want to make sure
we do-a good job.. But it can be done and I don't

know whether I'm something of a renegade in the °

groundwater field, but I'm a realist as a ground
water person because the crust of the earth has
gigantic volume, It’s absurd to¢hink we’ve got to
protect it all for drinkin*water. It's a multi-
purpose system. ‘
Comment: Many of us are aware of problems

with older sewer systems, specifically, infiltration. -

Would you comment, please, on the problem of
exfiltration in those systems that are above ground
water. :

Dr. Lehr: Yes. This is a tremendously. serious
problem. In a lot of areas where you could use
individual domestic systems, where you have good
soil and you could use septic tanks or aerobic sys-
tems and you're somewhat short on ground water,
municipal sewer systems carr do a lot of damage for
two reasons: when they're poorly constructéd, and
they’re all poorly constructed, they have negative
pressure; that is to say, you always build a sewer
‘system so it doesn’t leak into the ground water, you
build it s6 the ground water leaks into it, so you get
a tremendous inflow of ground water into the sewer
system and frequently you lower the water table,
making less water available for use from wells and,
what is even worse, you increase the load on your
sewer, your-watér treatment plant, because you're
putting in this perfectly good watet, diluting your
sewage and then you've got to treat it all and you've
really got more volume than you can treat.

Then in periods of high flow you let it run out into
the river anyway so this is a problem and when you
are going to build a sewer municipally, and obvi-
ously in any dense area you want to do it, we need
to pay a little more attention if we’re going to have
a water treatment plant that is going to operate
-reasonably well. We have to pay more attention to
designing our system in such a way that it doesn’t
have this negative leakage of the ground water into

it and the reason they do this is because they don’t _

want any sewage to leak out into the grotind so they
overdesign to make it leak in. I was-an engineer
myself once, maybe I still am, but I was always fas-

cinated with these terrific little coefficients that we’.

plugged into our equations, like 2.319. We got our
answer and then we doubled it for safety. That's
what engineers tend to do and I think anybody who
works past the first decimal point is wasting his
_time and that is a problem. I think we need better
‘design, better engineering.

Comment: I wonder if you feel that protection of
ground water is an adequate justification for impos-
ing land use confrol of various sortsand governing
the way that man lives on the surface of the ground
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and, if so, what your thoughts along that line are as
to how it might be done-and what the mechanisms
and various considerations are.

Dr. Lebr: That’s a big question. The, answer to
the first one is yes, I do believe {hat protection of
ground water is a reason to impose land use control,
no matter how severe the political problem. That is_
to say, I don't like to offend people s rights too
much, but I do believe in preserving the land, the
greatest good for the greatest many, that can be
done in a non-bureaucratic way,.so I think that it
.takes considerable care‘and thought.

We're doing alittle bit of this in our document on
developing regulations for the protection of ground
water. I really can’t be specific about it other than I
think it definitely can be used as a reason for land

use regulation and maybe as ground water becomes
more popular we'll put some emphasis on it and
maybe get the Land Use Bill through the Congress
néxt time’ with this added reasoning. But I could
not, in the time or even just off the top of my head,
give you any Very terrific_specifics as to what can

- be done. Obviously, whether or not you can use

septic tanks depends'on aland use concept. . .

Another land use problem’ works “as follows: if
you allow uncontrolled building of parking lots,
driveways, and shopping centers, you absolutely
eliminate g'round water recharge. the water ]ﬁ -
flows out m the stream and if you're using grou
water you're depleting your available ground water
from a quantity %standpoint. This is a serlous-
problem.
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The Water Pollution Control Act of 1972 ad-
dresses issues relating to the development and dis-
semination of information on the factors necessary
to restore and maintain the physical, chemical, and
biological integrity of matural water systems, to
protect fish and wildlife, and to allow for recrea-
tional activities. This paper is directed to the first
of these-issues and specifically to the hydrologic and
hydrodynamic effects on the physical, chemical,
and biological constituents of natural water sys-
tems. In order to develop information on the factors
necessary to maintain and resfore appropriate
levels of water quality, one of the key elements is
our understanding of the effect that manmade and
natural inputs have on the quality of these systems.
Accordingly, a brief description of the techniques
that are availablesto quantify these effects is first
presented, followed by a number of applications$ to
+the analyses of quality in various water bodies.

The general purpose of this paper is to indicate
how these techniques permit projections to be
made for a variety of remedial policies. The ability
" to project future water quality conditions provides
one of many essential elements required for
environmental planning. The value of these models
can only be appreciated if their weaknesses, as well
as their strengths, are understood; accordingly, the
. limitations of this type of analysis are also dis-
cussed. In conclusion, a few observations are made
concerning the nature and validity of the analyses
andrecomniendations are presented concerning the
direction and needs of environmental planning for
water quality.

INPUTS AND WATER
QUALITY RESPONSES

Mat hematical analyses of water quality are based™

on quantitative relationships between inputs to nat-
ural systems and the water quality responses of the
systems. - " . N . .

&
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The common basis of the majority of these
models is the principle of continuity -or mass bal-
ance. This principle is not only of fundamental
importance in that it provides a means of structur-
ing realistic models, but is also of practical value in
that it establishes a basis for evaluating their valid-
ity. Given a water quality problem in a specific
area, the particular constituents which relate to
that problem are defined. A mass balance is devel-
oped for one or more of these interrelated constitu-
ents in the water body which takes into account
three factors: the transport through the system,
the reactions within it, and the inputs into it. The
first factor describes the hydrologic and hydro-
dynamic regime of the water system; the second,
the biological, chemical, and physical redctions

" which affect the water quality constituent; and the

third, thg-inputs or withdrawals of the substances
throug}\ man'’s activities and natural phenomena.
Each 'region or specific site has its own geo-

morphological structure-and hydrometeorological’

regime which establishes the transport structure.
Identification and definition of the particular water
-quality problem and the related constituents ledd to
a specification.of the reactions which are relevant to
that problem. Each region is dffected in varying
degrees by municipal, industrial, agricultural, and
dgatural inputs which are discharged as either point
or distributed sources. Each area thus has a set of
specific characteristics which qualitatively describe
the problem and which may be expressed quan-
titatively as transport, reaction, and input coeffi-
cients. The transition from the general qualitative
princjple to a specific quantitative form is deter-
mined by assigning a set of realistic coefficients.
That they are realistic is determined by the degree
to which the concentration, as computed by the
model, agrees with ebserved-data for various flow,
temperature, and input conditions. This procedure,
which establishes the validity of the model, is an
important criterjon in the assessment.
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MODELING FRAMEWORK

The procedure of developing the model to analyze
a specific water quality problem consists of three
distinct steps: (1) the formulation of the pertinent
equations; (2) the selection of the approprlate com:,
putational techniques to solve these equations; (3)
the application of the equations and their solutions
to a particular water system. Although the term
“model” is loosely applied to any one of the three
steps, it is used inclusively in this paper.

In the first step, the general principle of the con-
servation of mass, as described above, is used to
formulate the' equations of the various constituents
of water quality. In their simplest form, the equa-
tions describe the distribution of conservative sub-
stances such as dissolved solids, or smgular re-,
actants such as coliform bacteria. They increase in’
complexity as consecutive reactions (e.g., dissolved
oxygen) are addressed. In their most complex form
they incorporate the interaction of a number of con-
stituents (e.g., eutrophication and food-chain analy-
sis). For many of the pertinent water quality
parameters-they are reasonably well formulated at
the present ¢ime. These relationships have been in
a state of continuous development over the past few
decades.

In addition to the terms which define the reaction
kinetics, the transport factors must also be in-
cluded. Depending on ,the geomorphological and
hydrological chxcteristics of the water system the
transport may be incorporated in a rather simple
fashion or in a relatively complex manner. The de-
gree of simplicity or complexity is predicated on the
temporal and spatial variation of the particular sub-

stance which is under consideration. The simplest

framework is the steady-state, one dimensional
analysis, while the most complex relate to time
variable analysis in multidimensional space. The
latte frequently require the use of hydrodynamic
relationships in order to quantify the transport

of the equatlon The wastewater inputs are

k—-«/mﬁext considered in the formulation of the pertinent

equations. The inputs of mass to the water system-
are due to the discharges from municipal, indus-
trial, and agricultural activities and the runoff from
‘these areas and from the natural drainage of undis-
turbed regions. The inputs of various constituents
, from municipal sources are well known with respect
“to both the average values and their variations.

This assessment is also applicable to many indus-
tries which are characterized by the production of

one or a few products such as the pulp and paper, _

canning, and steel industries. However, industries
which produce a variety of products such as
organics, synthetic chemicals, and pharmaceuticals
are more difficult to characterize. The quantitative

assessment of the inputs is critical, particularly
with respect to the delineation between point
sources which are readily controllable and nonpoint
sources which are relatively difficult and, in some
cases, impossible to control. Water quality re-
sponses due toeach of these sources must be clearly
distinguished and described. The difficulty of as-
signing realistic valdes to distributed nonpoint
sources is very evident, given the present state of
knowledge and data.

The second step consists of segking the most ap-
propriate method of solution of the pertinent equa-
tions. There are two general classes of solutions:
one is based on the formal integrations of the basic
equations and the second is'based on finite differ-
ence approximations of the differentials. For the
simple and intermediate kinetic reactions under
steady-state conditions, the first type of solution is
commonly used. For the more complex kinetic and
transport regimes, it is usually necessary to employ
the second. In either case, there are a number of
computer programs for both classes which are
available for, immediate application.

The last step consists of structuring the solu-
tions, through the programs, to'fit the conditions of
a specific water system. This step invariably in-
volves a segmentation of the particular water body
taking into account the transport, reactions, and
inputs. It should allow for "a realistic portrayal of
the advective and dispersive components of the
transport. It should permit a reasonable represen-
tation of the kinetics, particularly with respect to
geophysical and hydraulic characteristics of the
system. Finally, it should provide fer a description

of the waste inputs and tributaries, both point apd

“distributed. The gmdelmes for’ segmentatlon are
also dictated by the method of solution, i.e., analyt-
ical integratéd forms or finite difference tech-

i . Given the method of solution, the system is
segmented such that the basic assumptions or pos-
tulates are maintained without violating certain

mathematical or numerical requirements or intro- .

ducing unnecessary computational complexity.

A

VALIDATION . °

The process of validation involves comparison
between computed values of a variable and those
measured in the prototype. When this comparison
is satisfactory, the model is said to be validated.
What constitutés “satisfactory” depends on the na-
ture of the problem, the structure of the model, and

hthe extent of available data.

Water quality models, on the whole, are planning
and analytical tools rather than predictive and fore-
casting techniques. The model is used primarily to

EEEY
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examine the spectrum of responses of the system
which may occur under varying planning alterna-
tives, e.g., the water quality responses for the 1977
and 1983 treatment scenarios under various hydro-
logical regimes.

The first step in the validation of the model is its
calibration. Given the geophysical and hydrological
characteristics of the system and a water quality
constituent whose reactions are known in principle,
an estimate or assignment is made of the appropri-
ate coefficients and inputs. These may be known
from auxiliary models, as in the case of the hydro-
dynamic transport terms; they may be assigned
from correlations developed in laboratory or field
experiments as in the case of the kinetic terms; or
they may be speeifically measured as in the case of
inputs. Transport and kinetic.coefficients may also
be available from direct prototype observations and
measurements. In any case, assuming a range of
these values is kriown, a best estimate is made of
each, the model is run, and the output compared to
the data. Invariably, successive adjustments are
required to.obtain a “reasonable” agreement be-
tween the model and the data. Having thus cali-
brated the model, it is then validated by gepeating
the procedure for a different set of flow, tempera-
ture, and input with the coefficients systematically
redefined to reflect these conditions. The repetition
of this procedure for other combinations effects a
greater degree of validation with each favorable
comparison between computation and observation.

~

PROJECTIONS AND PLANNING

The validated models are then used to project
water quality conditions for various control
procedures or policies. These projections are made
for_.various combinations of hydrological and mete-
. orological conditions for the immediate and long
_ «ermdevelopment of the area. The validated model
permits a range of alternates to be evaluated in a
realistic and- quantitative manner. These projec-
tions provide ome of the many-inputs which the
administrator needs in order to make appropriate
decisions for environmental planning. The sig-
nificance of the water quality problem and the con-
sequences of the decision should be examined from
both the environmental and economje points of
view. The degree to which the analyses, provided
by the models, affects the decisions should be com-
rhensurate with the level of validity of the models

themselves. From the scientific and engineering -

points of view, the models should be completely
verified before they are applied in any practical
manner. -

—

- source of freshwater flow through Lakes

EXAMPLES AND APP@ICATIONS

The following examples describe the water qual-
ity problems in various types of natural water sys-
tems, freshwater streams, saline estuaries, lakes
and the nearshore oceans. This four-way classifi-
cation is based on the commonality of geomorpho-
logical structure and hydrological and hydro-
dynamic regimes within each category. The dilution
and transport associated with these factors deter-
mine in large measure the concentration of consti-
tuents which. characterize the water quality prob-
lems. The problems, actual or potential, are caused
by constituents in the water which are conservative
and non-conservative. The concentration of non-
conservative substances is affected by biological,
chemical, or physical reactions, while the con-
centration of conservative substances is unaffected
by such reactions. Each of these constituents is
present in water systems due to both natural
phenomena and man’s urban, agricultural, and
industrial activities. In assessing what remedial
measures must be taken to restore water quality,
one of the most important considerations is the dis-
tinction between natural and manmade effects.
Within each category, the further distinction
should be made between readily controllable point
sources and the more difficult distributed sources.

The first example concerns the buildup of total
dissolved solids and chlorides in the Great LaKes.
Since they are conservative and not affected by set-
tling or volatilization, their conceptrations are
determined only by the dilution and }ransport due
to the freshwater flow through the §ystems. The
pertinent transport parameter. is the hydraulic
detention time, which is the volumd, of a lake
divided by the total flow through it. A \nap of the
Great Lakes and their drainage areas is\presented
in Figure 1 which indicates the relative magnitude
of each lake and the directig . The
perior
and Michigan is the cumulative runoff of the rivers
draining into each. Their combined discharge flows
through each' downstream lake in sequence—
Huron, Erie, and Ontario, each of which receives

- additional drainage from its tributary streams.

The water flow through each lake also provides
dilution for the inputs of chlorides and dissolved
solids, whose sources are municipal and industrial
wastewateérs as well as the dejcing salt contained in
runoff from highways. The municipal and industrial
sources have been increasing markedly since the

_turn of the century, as shown by the growth of pop-

ulation and of the industrial chemical index' in
Figure 2. The use of salt for deicing purposes ¥Was
initiated in the 1930’s. The increase in concentra-

-

N




64 . THE INTEGRITY OF WATER

tion due to these sources is addel to the natural
background value, which is assumed to be in
equilibrium. The combined effect of all the sources
on the concentration of chlorides from 1900 to 1960
in each lake is shown in Figure 3—the solid line rep-
resenting the calculated value and the circles rep-
resenting the observations. The marked increase in
Erie and Ontario is contrasted to the slight in-
creases in Michigan and Huron and the constancy in
Lake Superior. These patterns are due to the rela-
tively rapid growth of population and industry in
downstream drainage areas by contrast to the mod-
erate growth in the upstream areas. A further sig-
nificant factor is the hydraulic detention times—
approximately 3 and 8 years for Erie and Ontario,
respectively, and over 100 years for Lake Superior.
Thus Lake Erie responds more rapidly due to its
larger municipal and industrial inputs and smaller
hydraulic detention time. These factors are also
responsible for the greater rate of eutrophication in
this lake.

It is informative to examine the relative influence
of each of the components which make up the
chloride concentration. Fiigure 4 indicates the con-
tribution of each source to the total concentration in
Lakes Erie and Ontario. The greatest impact in
Lake Erie is due to the industrial discharges.
Municipal sources are fairly significant while the
Yeicing salt is becoming more pronounced as time
goes on. The effect of the upstream input from Lake
Huron is also important. In Lake Ontario, however,
* the greatest effect is felt by the Lake Erie inflow.
While the combined effect of the municipal, indus-
trial, and deicing sources is significant, it is obwi-
ously much less than that of the Erie input.

A similar analysis was mﬁe for the concentra-
tion of total dissolved solid§ and the patterns were
substantially identical. An example of the applica-
tion of this type of analysis is presented in Figure 5.
If both industrial and population growth and the
increase in deicing salt usage were to continue at
the rates experienced in the past, the total dis-
solved solids would reach a concentration of 500
mg/l about the year 2050. This is shown by the
Eger line in Figure 5. If industries in the Ontario

in ceased discharging salts, there would be an
initial decrease; but as the population grew the
trend would be reversed and the solids would again
increase. This simple example is presented to dem-
onstrate the utility of the analysis in environmental
planning and management.

The Ohio River below the city of Cincinnati, as
shown in Figure 6, is subjected to a backwater
effect from the Markland Dam. Prior to its con-
struction, thefe were five individual dams, whose
reservoirs had shallower depths and smaller cross

sectional areas, as sh‘own in the lower right-hand
corner of Figure 6. The height of the Markiand Dam
submerged the existing dams, creating a water
depth in the order of 100 feet at its face which de-
creased in the upstream direction. The cross sec-
tional area of the river varies in a similar fashion, as
shown in Figure 7. The larger cross sectional area
reduces the time of passage through the system and
the greater depths markedly change the reaera-
tion capacity of the water body. The effluent from
the sewage treatment plant serving the city of Cin-
cinnati was the primary source of wastewater. The
effect of this effluent on the dissolvedoxygen con-
centration is shown in Figure 8. The solid line is
that calculated by the model and the various sym-
bols represent observations taken during periods
when the river flow and temperature were the
same. There is a very rapid drop followed by a rela-
tively slow buildup. This pattern is primarily due to
the increasing depth of the body of water which
affectsits gas transfer characteristics.-As the depth
increases, the ability to transfer oxygen from the
atmosphere to the system decreases and, conse-
quently, the DO is depressed and remains so for a
significant number of miles downstream.

The projections are shown in Figure 9. The com-
ponents of the dissolved oxygen deficit are shownin
the upper figure and th2 resulting dissolved oxygen
profiles in the lower. The flow of approximately
10,000 cubic feet per second is a relatively low flow
for the Ohio River. Even with high degrees of treat-
ment, such as 90 percent removal of the carbonace-
ous demand and 80 percent removal of nitrogenous
demand (the order of best practical tréatment), the
resulting profile indicates a minimum concentration
of about 3.5 mg/l. A projection back to hydro-
graphic conditions of the lower dams would indicate
that the dissolved oxygen would be in the order of 2

. mg/l greater. The hydrographic and hydraulic

effects caused by the construction of dams may be
quite significant and presently available methods of
analysis permit this assessment to be made as dem-

- onstrated by this example.

The river flow of 10,000 cubic feet per second,
which is a low flow for the Ohio River used in the
previous example, is significantly greater than that
available in other geographical regions of the coun-
try. The effect of river flow is further evidenced in
those areas where .large metropolitan develop-
ments are located on upstream tributary streams of
larger river systems. The effluent flow may be
greater than the flow in the river, as in the case of
Atlanfa, Ga., and Dallas, Tex. It is frequéntly of
the same order as in Denver, Colo., and the Rome-
Utica area in New York. For example, the Rome-
Utica metropolitan districts are located in the
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upstream region of the, Mohawk River Basin, as
shown in Figure 10. The drainage areas and flows
are presented in Figure 11. The wastewaterlint&i
as measured by the present and projected carbona
ceous oxygen demand (BQD) and a typical dissolved
oxygen profile during September 1966, are plotted
in Figure 12. The concentration frequently drops
to zero. during the summer months when the tem-
perature is high and the flow low. The computed

profiles and observed data of both BOD and DO are ,

shown in Figure 13 for July 26, 1967, This, iicon-
junction with analyses of other survey peTiods,
indicates substantial agreement between ‘calcula-
tion and gbservation.

The components of the dissolved oxygen analysis
. are plotted in Figure 14. The sum of the individual
elements_is shown in the upper segment of this fig-
ure, which is subtracted from the dissolved oxygen
saturation value to yield the calculated profile of
Figure 13. Breaking down the problem to its
individual elements enables an evaluation to be
made of the effective methods of control. The car-
bonaceous and nitrogenoud\deficits are caused by
the Rome and Utica wastewaters, while the sludge
deposits are primarily the result of storm drainage.
The background values are shown in the lower por-
tion of Figure 14. )

Water quality préjections for future levels of
development of the area were made, utilizing the
validated model as shown in Figure 15. For each
level of projected development, various degrees of
treatment were imposed and the resulting dis-
* solved oxygen concentrations determined. It is evi-
dent that water quality problems of low oxygen
persist for many of the projected conditions. The
sharp drop in dissolved oxygen downstream from
Rome oceurs in a small tributary of the Mohawk. If
the outfall is r ldated 1 mile downstream to dis-
charge directly to tfe Mohawk, as shown in Figure
16, the depressed dissolved oxygen in this stretch is
elimina Knowledge and understanding of the
hydrology of the system permits evaluation of
alternate methods of control as indicated by this
example. )

By -contrast to .ireshwater streams, saline
estuaries are characterized by different hydraulic

and hydrographic features. The primary difference

lies in the mixing and dispersion due to the density
and tidal effects. The following examples, describ-
ing waterquality studies in the Houston Ship Chan-
nel and New York Harbor, illustrate the impor-
tance ofthese factors. Figure 17 shows a map of the
Houston Channel and Galveston Bay which flows to
the Gulf of Mexico. The tidal effects in the bay are
dampened by the restricted inlet, and hydraulic

transport is further affectéd by the relatively low - .

.system is New York Harbor,,a
- shown in Figure 23. The total mass discharge of
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freshwater flow. Because of these characteristics,
substances are retaified in this system for extensive

periods. A map of the channel is predented in Fig- —
ure 18, indicating the location of the sampling §nd ™7

gaging stations. Figure 19 portrays the distributi

f freshwater flow and the location and maggitude
of the wastewater inputs as measured by the bio-
chemical oxygen demand. Figures 20, and 21 pre-
sent the data and ealculation for the dissolved
oxygen during the wet and dry periods, respec-
tively. The increase in freshwater flow shown in
each drawing is due to the San Jacinto River. The
range of the dissolved oxygen values as shown by
the bars reflects the difference between the surface
and bottom concentrations. It is evident that this
system is highly stratified, as is frequently the case
in estuaries. The extended region of zero dissolved
oxygen is caused by the high waste inputs into tidal
systems of low freshwater flow and moderate tidal
mixing. Projections of water quality conditions, .
based on secondary treatment of all the waste «
sources, is shown in Figure 22. Even with low flow
augmentation of 500 and., 1,000 cubic feet-per
second, low dissolved oxygen concentrations per-
sist. The hydraulic influence of the augmented flow
is relatively minor because of the large volume of

‘water contained in the manmade channel and turn-.

ing basin, a large volume at great depth and small
velocity. : '

A further example of the hydrography of a tidal
map of which is

BOD is much greater than that of theé Houston Ship
Channel. Dissolved oxygen concentrations, al-
though depressed, are not as low as those in the
channel. This is due primarily to the relatively
intense mixing and dispersion of the tidal factors in
New York Harbor and, to a lesser degree, to the
effect of the Hudson River freshwater flow. At the
time the analysis was performed the crosshatched
areas of New York City, as shown in Figure 23,
were not receiving sewage treatment. Since that
time treatment plants have been installed in these
areas except for the” western part of Manhattan
Island on the Hudson River, which is presently
under construction. Figure 24 shows the' compari-
son between the model and the data for the Hudson
River and the East River. With projections of sec-
ondary treatment in the order of 65 to 85 percent

,removal of the significant waste#ources, the DO

can be increased to about 4.5 mg/l in the North
River and 3.5 mg/l in the East River. The DO has
never dropped below about 1 mg#-in the East River
or below 2 mg/lin the Hudson River even when the

waste discharge was greatér than that showninthe =

figure. The primary reason is the maintenance of
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. dissolved oxygen due to the rather intense tidal
mixing and freshwater flow which permits this par-
ticular system to respond much more posmvely to-
pollutional stress.

The nearshore ocean regimes also involve hydro-
logic and hydrographic factors. A prime example is
the Boston Harbor area shown in Figure 25. The
problem was the bacterial pollution which prevailed
throughout the whole §ystem which necessitated
closing the bathing beachies and the shellfish areas.
The major sources of pollution were the effluents
from two treatment plants at Nut Island and Deer
Island, the storm overflows ﬁ&r‘n the Charles River |

*and the discharge of sludge®from the tredtment
plants. The significant hydrodynamic phenomenon
is the dispersion due to the tidal and density effects
which tradSports material laterally and longitudi-
nally in the horizontal plane of the harbor. Figure
26 presents the 1967 calculated and observed distri-
bution of coliferm bacteria which indicates fairly
good agreement. In the interval between 1967.and
1969 the construction of tHe Deer Island plant was
completed and chlorinatigd was put*¥nto operation.
In 1969, then, the system received the, chlorinated
effluent from Deer Island, the storm overflows
from the Charles River, and the sludge discharge:
from the plants. Flgure 27 shows the 1969 coliform-

" distribution. The calculated concentration south of
Deer Island can be 1nterpolat to be about 2,000
MPN/100 ml by contrdst to-the 120,000 MPN meas-
ured.in 1967. The individual effects of the waste
input components are shown in the following fig-
ures. Figure 28 shows the computed coliform con-.
centration from the Deer Island and. Nut Island
.chlorinated effluents,, whlch are insignificant.”Fig-
ure 29 shows effects of the discharge from the
storm overflows from the Charles River ared. The

_value south of Deer Island can be interpolatéd at
about 800 MPN/100 ml. Figure 30 shows the effects
of sludge disposal practice resulting @ a®level of,
almost 1,000 MPN/100 ml.

The superposition of these three 1nputs yields the
total of about 1,800, which is in reasonable agree-
ment with the obsérvation. It is apparent that the
sludge disposal and the storm overflows are causing
a higher level of pollutlon td_the system than are
the treatment plant discharges. It is.obvious then
th ternatives other than treatment of pqjnt
sources can be evaluated and analyzed. Such alter-

% nates.may provide more effective improvément ii?

‘water quality than advanced levels of treatment
from point sources.

~» Another nearshore ocean exampl®¥ is/fhe New
‘York Bight. The area is pf'esently used Yor disposal
of sewage sludge, dredge shoil, construction debris, *

acid waste, and box1c chemicals from the metropoll- ~ 4ure and light conditions are conducive, die in late

- of dissolved oxygen is occ

tan area. Figure 31 shows some of the sites and
quantities involved both in New York waters and
Long Island Sound waters. Figures 32 and 33 show

the, results of drifter studies in the bight area,

which qualitatively indicate the hydrology and hy-
drography of the area. Surface drifters were.trans-
lated to the Long Island shore, some to the Jersey
shore, and some out to sea. Most significant is
predominance of the bottom drifters which moved
with the bottom ciirrents to the Long Island shore.
These simple yet informative field experiments

ich were conducted by NOAA are indicative of
the tomplexity of the hydrodynamic regime, which
is affected by tides, freshwater flow from the lower
harbor, winds, and density effects. Due to the cur-
rents and dispersion associated with the hydro-
dynaniic and hydrologic regimes of the region, the

sediments are being slowly transported northward

toward the Long Island shore. Furthermore, in the
immediate vicinity of the dlsposal sites, depressmn
ing as shown in middle
and lower segments of Figure 34. Figure 31 also
indicates the location of plant outfalls from Long
Island: the Nassau County outfall presently under
construction, and the proposed Suffolk County
outfall.

The svlution of the hydrodynaxmc problem i is par-

ticularly imporgant, because of the sludge disposal
practices, which impact the individual site locations
and potentially the shore region. By virtue of the
hydrodynamic transport of the system, the organic

° material i$ gradually moving shoreward, as more
_material is added. This pattern is evident in Figure

34, which preSents the spatial extent of the organic.
matter in the sediments.

-Studies were made of the individual and com-
bined effects of the outfalls on water quality in the
area. An example of this analysis is shown in Flgure
85, which presents the projected concentration of
mtrogen in both the surface and bottom for the con-
dition of ultimate development of the areas. The
cBMposite effec hese outfalls, the Hudson River

systems, producing excessive amounts of phyto-
plankton or aquatic weeds. Although lakes are par-
txcu]arly susceptible to this phenomenon, it also

occurs in freshwater. streams and saline estuaries.’

The .analy51s of the problem is straightforward in
prificiple:.inorganic nutrients,. mtrogen and, phos-

phorus, are converted, to plant organic material -

through photosynthetic actiori. The plants usually
grow during the summer and spring when tempera-

- - -
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fall with little or no growth taking place during the
winter. They are also preyed upon by the next link
in the food chain—the herbivorous zooplankton—
they, in turn,<by the carnivores. These are then a
food source for the next trophie level and sequen-
tially through the food chain to man. Each trophic

level by death and excretion returns organic nutri—’

nts which. hydrolyze to inorganic forms, and the
cycle continues. Controlled discharges of nutrients
to natural water systems are incorporated in this
natural ¢ycle and may be helpful and beneficial to
productivity. It is the excessive discharge of nutri-
ents which causes the degradation of water quality.

In addition to the availability of nutrients, other -

conditions affect the growth of phytoplankton, one
of which is the flow through the system. Reducing
the hydraulic transport through the system may
increase the severity of the problem by retaining
nutrients in the system for greater periods and thus
increasing their availability to phytoplankton. One
phase of the California Water Plan is potentially
faced with this problem. It has been proposed to
divert water from the Sacramento River in the
north to the relatively arid areas in the south by
means of a peripheral canal on the eastern border of
the Sacramento - San Joaquin Delta, as shown in
Figure 36. The question arises, then, as to what
effect the reduced flow through the delta and the
downstream Suisun Bay will have on the eutrophi-
cation. /

Two specific geographical areas are analyzed in
order to demonstraté the effect of freshwater flow:
one at Mossdale, on the freshwater portion of the
San Joaquin,.and the second the estuarine area, as
- shown in Figure 37. The annual variation of tem-
perature, flow, and radiation for the years 1966 and’
1967 is presented in Figure 38 for the San Joaquin
. River. These, in conjunction with the nutrient dis-
charges, were input data for the model which calcu-
lates the temporal. distribution of phytoplankton,
zooplankton, and nutrients. Thése distributions are
. presented in Figures 39 and 40 for the freshwater

San Joaquin River at Mossdale and for the.

estuarine waters at Antioch, respectively. The
effect of the hydrology is evident; contrast the
pronounced bloom in the spring of the low flow year
in 1966 to the high'flow in 1967, which essentially
flushes the system before it has an opportunity to
~ grow. The lower flow at the end of the year permits
growth to take place as evidenced by the fall bloom
in 1967. In the estuarine area the tidal mixing
predominates over the freshwater flow and growth
of phytoplankton occurs to about the'same degree
each year. The,effect of freshwater flow in this
region'is obviously less pronounced.

Although there are differences between the cal-

-
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culated profiles and the observations, the general
pattern is reproduced by the model, at least to the
degree which permits some preliminary evaluation
of the effects of flow diversion and increased dis-
charge of nutrients. The model was run for these
projected conditions and the results are shown in °
Figure 41. It is to be noted that increased nutrients
and light have a more pronounced effect than de-
creased flow. Furthermore, since levels of greater
than 100 ug/l of chlorophyll are projected, which
are considered excessive, removal of nutrients is
called for. The bottom graph in Figure 41 indicates
that presently available treatment technology for
nutrient removal maintains concentration levels
which.are considered acceptable. ’

CONCLUSION "/

One of the essential elements in developing
information on restoring and maintaining water
quality is an understanding of the effect that man’s
activities and natural phenomena have on the qual-
ity of water systems. These systems may be
characterizedan different physical, chemical, and
biological ways. This paper has emphasized the
effect that the hydrological and hydraulic factors
have on water quality, specifically addressing the
physiochemical and biochemical phenomena. By
virtue of the mass and energy transfers through the
pathways associated with these phenomena, or-
ganic substances are converted to bacterial cells,
consuming oxygen, and inorganic nutrients are
utilized by algae, producing oxygen. This con-
version, n which the higher biological forms
depend, is an essential link in the food chain.

The term “biological integrity” covers the spec-
trum from the microscopic bacteria and algae to the
fish and microscopic plants. Although there is, in
general, greater public awareness about the latter,

" the former are of more fundamental concern be-
cause they form the basis of the food chain. Fur-
thermore, they are of practical importance because
water pollution control measures,are specifically

. directed to the removal or transformation of these
microscopic substances which, in turn, maintain
and/or restore aquatic environments conducive to
the preservation of the higher forms.

While the phenomena relating to the microscopic
forms have been quantified (albeit with some scien-
tific disagreement), those relative to the higher bio-
logical levels have not been—at least not to the
point where reliable projections can be made. It is
thus possible at the present time to make predictive
assessments of dissolved solids, bacteria, dissolved
oxygén, nutrients, and phytoplankton, but ex-
tremely difficult to make such assessments about
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fish and aquatic plants The ability to formulate be neither possible nor necessary to do so in the
quantitative relationships decreases progressively immediate future. In somé\cases, then, the nature
as higher levels of the food chain are addressed be-  of the environmental questions exceeds our. present
cause of the increased diversity and myriad interac-  ability to provide reliable answers. Perhaps, at this
tions which characterize these levels. It becomes time, qualitative assessments are sufficient
progressively more difficult as more complex prob- effect a dramatic improvement in water quality and
Jems are analyzed, e.g., the accumulation of toxic  this\appears to be the spirit of the recent legisld-
material in the vargoub trophlc levels. tion. In any case, the analyst has the deep obligg-
Significant advances in our scientific understand-  tion to indicate the extent and degree of validati%
. = ing of these phenomena have been made over the . of the model, such that some measure of its reliabi
past few decades, but not to the point where relia- ity is evident to the administrator in the decision-
ble quantitative assessments can be made. It may making process.. " . .

te
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DISCUSSION .

Comment: On the last example you showed,
would there be any payoff on the regulation of the
use of fertilizer rather than treating afterwards?

“

N

but I would Certamly say that would be one that™
could be.

Comment: To what extent is it'now becoming
practical to introduce aquaculture factors into these
types of equations, as in a case of physically ex-
tracting nutrients that are in excess? (

. Dr. O’Connor: I see that as something. that’s
very much in the forefront. I don’t see it as some-
thing that is practicd! immediately, but I support
that development and I'm optimistic about it in the
" relatively near future.

I think we need a little more data on it, spec1f1c
data, experiments, so we can see the data and thep
we can mode] better.

«Comment: It seems to me that maybe there
needs to be more support of this'type of activity in
the United States. The Japanese are way ahead of
us. Considering the billigns of dollars that are going
to bé spent on extraction of nutrients by sewage
treatment, it seems relatively modest amounts of
research might have a large payoff.

Dr. O’Connor: I subscribe to that 100 percent.

Comment: That was a tremendous presentation.
A couple of things)came out that the group is
struggling wiﬁhag_:}bat- about the integrity of
water. I look at the integrity of my own body for
instance, and it isn't a perfect thing. My body has
integrity but it’s not perfect. Do you have any
thoughts about water and its perfection or its
integrity? I'm fmdmg it difficult to describe the
problem, but we can’t have complete zero of any-
. thing and we can’t have complete perfection. What
we have is something in between. I wonder if you
could speak for a minute to that kind of proposition,

* Dr. O’Connor: I'd like tospeak about an hour on
that kind of proposition. I don’t know really how
much more I cz}n say I do respond to the spirit of
your question. !

I think all of us,“when we read the law, and even

‘specifically our requests to appear here, we all

asked ourselves more deeply, what we mean by the
integrity. And I submit, it's basically a \pyosophl-
cal question, and maybeeven a moral oné:

I haven't got an answer, I keep looking for it. I
think in some of the things I said I tried to address
what nature is; it has bad parts and good parts. We
look at it through jaundiced eyes; we assume we
have the perfect vision.

It’s good that optimism has pervaded our west-

ern culture for a good number of years. The east-

erners_are much more realistic about it. I don't
know what we can learn from them.

-1 am trying to say that given that, you always
strive for these ideals. Maybe sometimes we strive

Dr. O’Connor: I think so. I thinkit’s anareatobe 00 hard, or too high. Maybe they're good to have, ¥

looked at more. We didn’t address tHat dpecifically,

~ » ' Y

but maybe we can regard them as ideals.

'
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The final point, which I think follows, is that we

interpret.this in a pragmatic or enforcihg way as
- zero discharge.

There’s 'a certain pomt that we talk about in
agrlculture, a natural cycling of materials. There's
some point where we can leave in.some #itrogen
and bhosphorus. Do we really‘ want to dlscharge
sterile waters to our natural system?

I don’t think that is in accord with what I observe

“ as a natural law. So things like nutrients, and to‘a
* certain degree TDS, should be naturally recycled.

That js part of zero discharge of pollutants but that
doesn’t mean distilled water. ’

. On the other side are the synthetic:compounds
that industry is continuously manufacturing. They
have to be reevaluated much more significantly, as
I know some are, so they can break down to provide
some of the bsic nutrients. SN

That addresses the issue. I know it doesn’'t an-
swer the question.

Comment: I think it opens up what is a pollutant?
And we just go from one problem to another.

«Dr. O’Connor: Exactly. When we think in terms .

of recycling, it's apparent that zero discharge is not
_part of it. The law is a little amblguous that way, it

“was written from that point of view, the idea of a °

natural cycling of materials, to which I think, by
and large, everyone subscribes.

It automatically follows therefore, that there S no
zero discharge that will be going through recycling.
If we don't recycle onto the water then we're going
to recycle onto the land. Maybe that was what we
presupposed.

I think the water has to be nourished just as the
land has to be nourished. It’s balanced. We’re not at
the stage of saying what the balance is, but I4do
agree with you.

Comment: In Texas you showed a 51gn1f1cant
amount of pollution appeared, and you ordered the
oxygen proglle for the channels in question, I was
curious to knew if we can infer from that that-low-
ering of the amount of deoxygenating waste in the
stream can occur without the stream flow showing
similar effects?

What I am trying to get at is: are there some

kinds of stream channels, partlcularly in canal sys- -

their reaerating
return on our

tems, which are so limited i
capacity that we have a limite
[waste treatment)] investment?
Dr. O’Connor: Yes. I respond to your question
positively. That’s about it. The 51gmf1cant input-of
. the San Jacinto, is that what you're thinking of?
Where that comes in, you would have expected a
more pronounced influence in dissolved oxygen.
That is due to two reasons. One you alluded to,
the "artificial deep channel there, 30 or 40 feet.,

T e P
~ .

. the judge.
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When you start to do thmgs like that there’s a
point of no return. ¢

I think they would be better off in many ways 1f,_
in the future, we can think more in terms of 20-foot
channels. There are limits on exact relationships,
and they may, economically and ecologically, be
best. v

The_second factor is that the tidal mﬂuence isa
balance between the tidal effects and the fresh-
water effects. Perhaps it's not too speclflc, but, yes,
your first point is properly taken.

Comment: You made the statement that a model
is just a planmng tool. We're now using a model asa
regulatory tool ir many areas. What kind of success
do you expect we'll have if challenged in the courts?
Will the court understand what we've done,. whatz
kind of success we expect in this area? )

Dr. O’Connor: That's a good questlon We talk
about all the disadvantaged people in our society, I *

- think some of the most dlsadvantaged are the

judges. Can you imagihe what they’ re fdced with,
with these court actions? You're going to'line up all
the experts in the world, regardless of what side-
they're on, and how does the poor judge get this

unraveled? o

I think what we have to do, and I hope I'm an-
swering your question, but I think what we have to
do with groups like ourselves, regardless of whom
we represent, is to offer our services to the judge.
There should be a third facet'to evaluate these two
things.

Our system was structured on the government
balancing industry. Say: they are unbalanced, how
do you side between these two? I think we have
to structure another facét that gives advice to

That advice would take on the evaluation as to
what ’degree, first, how representatlve dre those,
whatever the issue might be. That is, has the man

extracted*'the relevant features.”

Second question: what degree has been cah-
brated and validated. And then how far are we car-
rying that extrapolation? Are we really taking 1t,
are we close toit?

These would be the criteria by which, and I be-
lieve having had the eXperlence, that California
worlfwas a pubhc hearing, and in essence it was a
tourt case, the local people took the Department of
Water Resources to court, and we represented the
Deépartment in that case. Five men heard the case,
and there was only one with technical training.

It took a long«time to describe this, but it did
work, and I think it can work;, if Judges are that
type. But, having had that experience, I do sup-
post, strongly, that the judge should have a much
greater ‘budget available for his own evaluation,
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mstead of getting this contradlctory evidence from
two experts. That’s the difficult part, but I think it

' can work.

Comment: Do you have any doubts on lowering
the phosphorus level and the validation ‘of that?

Dr. O’Connor: Iindicated in this last project that ~
I was only looking at nitrogen. The reasoh being

that phospnorus was plentifully available from the
natural input, Thiere’s phosp})orus mining and it’s in

lthe ground water. And the phosphorus levels were

far in excess of the saturation contents. In a num-
ber’ of other systems, however, the phosphorus
level can be the limiting factor, as it appears to be,
to some degree, in the Great Lakes system.

What'’s' simplistic about what you just suggested,
and I think maybe you realize it, is that really it'sa
product of those two nytrients and,maybe.every
other., Whatever form that particular eqixatlon
takes, the g'rowth coefficient in these equations has
to reflect,,in 2 product fashion,  nonlinear fashion,
the concentration of all the relevant nutrients.

Consequently, and, you know the type of curve
that is usually used, so.we can fall up and down that
thing, to call somethmg limiting is very deceiving.

Any place-along that curve,there are combinations. -

In our recent work in Lake Ontario, at one time of
the year phosphorus was limiting, in the sense that

. it was below the curve, and in the fall, the latter
. part of the summer, it was nitrogen. ° 3_
S+

I'm s)ery wary of the “let’s remove all the ph

‘ phorus because of good qualitative reasons. But

we're dealing with nonlinear systems, and that's
why, in general, I'd be very leary of any such state-
ment that this or that is limiting. Did I address the
question?

Comment: In relatjon to that we have algae in
the stream, and we're attrlbutlng that to phos-
phorus

THE INTEGRITY OF WATER

Dr. O’Cénnor: Does the field data bear’ that éin
té0? I would still try to validate a model for that

/system, before I moved in that direction.

Comment: Talk abouf your efforts in the so-called
eutraphication models and studying them to such
an’extent that you really understand the system.
There are a couple of empirically-based models, if
you want to call them that, that are sort of black
box approaches, émpirically-derived relationships
on observed data. Is that the k1nd of thmg you see
coming forth? :

Dr. O’Connor: I-would hope so, bt from my
understandmg of the phenomenon involved now, ‘I
think perhaps they are too simplistic. They' were
excellent first steps in’giving some understanding,
but, in that case, I think the direction has been

versxmphﬁcatlon

1t i8 a limiting sjtuation, and well*% reporting on
this in the near future, my colleagues and myself, to

* show that this" approach fits into what we are doing,
_ and té indicate that it is a limiting situation. '

That's why, when you try to correlate data to this

* approach, you see the usual scatter problem. It's _

‘the' right idea, but too simple, as I see it. That's a
rather qualitative oplmon

Comment: There is a mass of data based on
studies designed to apply that. The working papers

into the model, as proposed.

Dr. 0’Connor: It’s like using any good piece of ,

information. Use «t within the limits for which it
was constructed. These are reasohable guides, but,
maybe because I've gone the other route, T'm wary
of them. Maybe I haven't got the totally unpre]u-
diced eye '

>

" are coming out, and a lot of them fall pretty much

Comment: One thing, I'm not too sure of the .

limits of the approach, and if they have been well

defined. The original work is ratlier large. >

N A ’
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INTRODUCTION

The most important physical factor affecting the
watér quality of a natural water body into which
wastes are discharged is the state of motion of the
receiving water. Waterways, whether they be
lakes, reservoirs, rivers, estuaries, or the oceans
are seldom stationary except for relatively short
periods of time. Furthermore, the act of discharg-
ing a waste will in itself produge motion by jet diffu-
sion. Motion of the Teceiving water may also be
generated by gravitational forces, wind stress at

- the 'water surface, a§tronornical.tidal forces, or

atmospheric pressure variations. The resulting

* flow is affected by frictional forces producing turbu-

_ transport” processes and by their

P’

lence ahd dispersive mixing processes. Density var-
iations caused by gradients of water temperature,
suspended:sediments, or dissolved salts may aug-
ment or-hjnder the shear-induced mixing processgs.
Thus, distributions of temperature, salinity, and
solids are important physical fagtors “affecting
water quality both through their iQﬂuence on the
¥ effect on bio-
chemical transformation rates.
* The improvement and control of water quality in
a.natural water body such as a river or estuary can

be achieved by intelligent regulation-of municipal -
- and.industrial waste discharges. Waste treatment

techniques by chemical and biological processes are
, and while it is technically possi-
ble to approach “zero discharge” ofu wastes, in most
cases it is neither necessary nor economically feasi-
ble to do so. The iNfportant engineering decisions in
water quality copfrol relate to the determination of
the level of was d treatment that is consistens with
the multiple uses of natural water bodies. This im-
plies the ability to forecast or predict the response
of the river or estuary to future increases in invest-

‘ment in waste treatment fatilities. n -
. 'I;!le prediction by mathematical or physical

a particular model
*'in a predictive role. It is important that the user or .
* developer of a water quality model have the ability

models of effects and benefits in advance of the con-
striction of a facility, is the essence of engineering.
Physical models are of limited use in water quality
studies because of thé difficulty of simulating bio-
chemical\ reaction processes at reduced temporal
and spatial scales. Within the last decade engineers
and plannrs have made increasing use of mathe-
matical madels for planning purposes. The objec-
tive of this paper is to present some recent develop- *
future résearch directions for
mathematical models for water quality control and
to illustrate the important coupling between physi-
cal factors, répresented by hydrodynamic transport

. processes, and biochemical water quality param-
< eters. L : >

The models used for illustration were developed
at MIT over the past 5 years. Since this paper is not

" intended to be a state-of-the-art review or a cri-

tique of various modeling approaches and solution
techniques, the lack of reference t@ comparable
models developed by other investigators is justified
only in the interest of brevity.

STRUCTURE OF WATER .
QUALITY MODELS

-

°

All mathematica} odels are approximations, in
varying degrees, af the. natural précesses which
they attempt to represent in a deterministic man-
ner. In an ecdsystem.as complex as a river or an
estuary there are\a large number of possible ap-
proximations within the conceptual framework of
simulation models. Any water quality model con-
taining a number of “rate constants” can be‘made to
agree with field data by the familiar process .of

r, there is no guaranteé that
ill give valid results when used
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to analyze the structure of the model and to judge
the validity of basic assumptions.

_ Various strategies can be identified for strucgr-
ng mathematical models; of aquatic ecosystems.

* Table 1 identifies th}@basic types of models:

Table 1.

Type of model Organuzing principle  Causal pattern Measure
Biodemographic Conservationof Life cycles  Numbers of
models species or of . individuals or

genetic of species
v information | .
Bicenergetic _ Conservation of Energy‘how Energy
models energy circuits | power
Biogeochemical ~Conservation of Element \ Mass of
models mass ‘cycles elemental
\ matter

L3

!
! .

Fisheries management models usually belong to
the class of biodemographic models, as they are
concerned with particular species and the processes
that affect their numbers, such as birth, death, har-
vesting, and competition. Bioenergetic models are
concerned with energy-flow, energy-storage, and
energy-dissipation processes simultaneously cou-
pling ecological and environmental components.

Mast water quality engineering models fall into
the category of biogeochemical models. They em-
ploy the principle of conservation of rass to de-
termine the- distributions of dissolved: oxygen,
nutrients, and biomass by the coupling of hydrody-
-namic \transport” and biochemical transformation
processes. The remainder of the discussion will be
concerned with'biogeochemical mdlels as applied to
water quality control in estuaries. =~

BIOGEQCHEMICAL WATER
QUALITY MODELS .

The hydrodynamic aspects of an'estuary are the
transport processes which include the _advection,
mixing, and dispersion of specific,cons%ituen.ts in
waste effluents. In addition, these constituents are
subjected to vawious transformation or reaction
processes leading to their production and/or decay”
Transport processes are relatively independent, or
at least insensitive, to the characteristics of the
wastes introduced into a waterway. ' The trans-
formation processes, on the other hand, depend on
both the transport processes and on the interaction
or coupling of constituents of the total waste joad.

The essential features of biogeochemical models
may be illustratdd by considering the one-
dimensional formulation in which cross-sectional
areas, velocities, and concentrations are, functions
of longitudinal distance; x, and time, t.

' s

-solution of the continuity and momentum

4
ce o oo
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ADVECTIVE TRANSPORT PROCESSES :

In general, the transport processes are unsteady,
therefore the advective terms which describe the
flow field must be determined by simultaneous.
equa-
tions. The goverhing equations for one-dimensiong.l
flow in a variable area channel are:

- the continuity equation
9A | aQ _ ,

3t T ox 9 W

and |

the longitudinal momentum equation t

3 3 'ntn —_ x dh QlQ]
\
¢ . gAd, 9p )
p 9x

where :
distance along longitudinal axis A
tim ,
elevation of water surface with respect
to a horizontal datym
cross-sectional discharge
lateral inflow per unit length of channel
average cross-sectional velocity in the
channel, = /A - v
acceleration of gravity .
cress-sectional area of channel .
Chezy roughness coefficient
hydraulic radius of channel
density of water . ’ -
distance from surfdce to centroid of the-
"cross section " ) .

-

AN ITS
[ A

o
]

A

The last term in equation (2) represents the
effect of a longitudinal density gradient. This term
is significant only within the salinity intrusion
region of estuaries. Boundary conditions must be

“specified (either water surface elevation, h, or dis-

charge; Q) at the upstream and downstream sec-
tions of the river or estuary being modeled. The
solution of equations (1) and (2) can be obtained
numerically By means of finite-difference scheshes
as described by Harleman and Lee-! The lution
requires the $pecification of initial cortditiohs fdr h

" and Q and advances in time in accordance with the

values of the time varying boundary conditions.,

CONSERVATION OF MASS , .
The basic components of biogéochemical water

‘quality models are statements of conservation| of

mass. Essentially the model consists of a sequefice

>
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of conservation +of mass equations, one for each
water quality constituent. v

The one-dimensional, conservation of méss equa-
tion may be written in the following form:

- -
LY

~

9 2 =_0 (Ap 9C
3 (AC) + jQC) (AE, o ).

. +A L+ @ -
- p P
where ) .

" L . \

concentration of a water quality

C =
constituent (averaged over the cross
section) y ) :

£, = longitudinal dispersion coefficient

r, = time rate of internal addition of mass of
substance C per unit volume by transfor-
mation or reaction processes

r = time rate of external addition of mass of

substance C per unit volume by addition
of substance across the lateral, free sur-
. face and bottom boundaries of the sys-
tem.

The hydrodynarmic variables Q or U, and h orﬁ
obtained by solution of equations (1) and (2) are
basic inputs to the transport terms on the left-hand
side of equation (3). The longitudinal mixing proc-
ess is represented by the first term on the right-
hand side and thd internal and external “sourtes” or
* “sinks” of the particylar water quality constituent,
represented by C, are contained in the last term.

Many transfgrmation processes are dependent on
the local temperature (T) and/or salinity (S) of the
water and it As convenient to determine T = f(x,t),
and S = flk,t). as static Variables. defining the
water envifonment. The quantity ecT represents
the concefitration of hedlt per uhit volume of water.
Therefore with C = ecT, equation (3) can be, writ-
ten as4 conservation of heat equation: -

L J . 'D
0 am + -2 @D =2 (aE, 2T+ )
at % . 9% ax~ * pc

’

.
.

* where .
. T ‘= water temperature
¢, = time rate of net heat input per unit area
of water surface ,
+ = water surface width |

ot i

(density) (specific he%t of water)

t

0
. s
-
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In equation (4), the last term represents a source
of the external type, i.e, the net rate at whic‘r heat
is transferred across the water surface by the com:
bined processes of long-and short-wave radiation,
evaporation, and convection. ‘

Examples of the simultaneous solution of equa-

s

tions (1), (2), and (4) to find.T = f{x,t) using nu-
merical techniques are given by Harleman, Brocard

and Najarian *2In rivers and in the'iniform density °

portion of estuarfes (not including the salinity intru-
sion region), the longitudinal dispersion"'ferm in

equations (3) and (4) is of secondary importance.

Values of the longitudinal dispersion coefficient in,
rivers and estuaries anay be estimated on the bdsis
of the work of Holley, Harleman, and Fischer.?

In estuaries where salinity,iﬁtrusion occurs, long-’
itudjnal dispersion becomes an important factor in
the overall mixing process. This is due to the gravi-
tational circulation induced by.the freshwater-
seawater density difference. e consﬁer'vation

equation for salinity is given by:
9 g+ 28 =2 (AEs2S] ©
at( ' a'x(Q )2 ax[ ‘Sax] (-)

@

where
! Ve
S = salinity .
E, = longitudinal dispersion coefficient in the

salility intrusion region

_ Eguation (5} is an example of a “conservative”
conservation of mass equation; in general, there are
no internal or gxternal sources of salinity €xcept at
the ocean boundary. Thatcher and Harleman'® use
numerical techhiques to solve equations (1), (2), and
(5) to find S o f(x,t). They use a dispersion rela-
tionship in which E,is a function of the local long-
itudinal salinity gradient and the degree of vertical
mixing in tHe|estuary. Applicafions to unsteady
salinity distributions, in the Hudson, Delaware,
and Potomac ¢stuaries under time-varying fresh-
water ihflows ’

TRANSFORMATION BROCESSES~
CBOD-DO M(DELS :

' Historically,| water quality models have empha-
sizéd the impdrtance’of dissolved oxygen (DO) as

4

the primary inflicator of water quality. The earliest -

and most elenjentary example of a transformation
process, withih the framework of biogeochemical
models, is the concept of carbonaceous biochemical
oxygen-demand {CBOD). This’¢lass of models. has
its origin in t}Ie ater quality studies of Streeter
and Phelps beginning-about 1925. The coupling be-

A
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tween theé set of conservation of mass equations for  refnove are fundamental to intelligent design and
CBOD and DO is illustrated by the following forms  investment decisions. on the treatrhent of wastes
of equation (3): prior to discharge into an'adjacent river or estuary.
Conservation of. CBOD: . . These questions can’ only be answered by water
where C ‘ \quality models that are capable of predicting the
_ . ical résponse of the waterway to increased
—aﬁt_ (AL) +—aa;(— QL) = —aa; (AE, % ) # levels of treatment. It is cléar that future research
, efforts in water quality modeling and field data col: .
, " — KAL- (6), lection should be directed to the modeling of trans-.
formation processes within the element cyecles of an
aquatic ecosystem. ot

Ky

L ultimate carbonaceous biochemicdl oxy- ~TRANSFORMATION PROCESSES
gen demand (CBOD) * 'NUTRIENT MODELS . ,
K, CBOD decay coefficlent . Current efforts in water quality modeling are
) . R attempting to deal with problems of eutrophication
Conservation of DO: - . by assuming that aquatic ecosystems are composed
. of coupled conservation of mass equations (Quin-
lan).” A one-dimensional, real-time, biogeochemical
\ model for an aerobic, nitrogen-limited estuarine
- \ - ) etosystem subject to domestic sewage loadings has -
been developed by Najarian.®  The proposed
T X\ estuariEne water quality model gttempts to- follow
- ! : ; h the path taken by nitrogenous nutrients (in their
/ ) +KA[DA DO} @ various forms) based on the present knowledge of
element cycles in aquatic ecosysteins. In contrast to
the simple ' CBOD - DO model, the nitrogen model
represents varfeus forms of organic apd inorganic
nitrogen which are the potential sources%f eutro-
phic activity. .
The dynamic estuarine nitrogeh ¢ycle model con-
. \ sists of a elosed matter flow loop’ having seven
, - - . storage variables and twelve transformations of the
The elementary-coupling arises from the fact t gt element nitrogen from one storage form to another
the solution of ;quation (6), L = {(x,t), appears M1 . as shown in Figure 1. The chosen storage and trans-
equation (7) as theinternal decay term for dissolve d  formation processes represent physical, chemical,
oxygen. Dailey and Harleman ® have developed\ and biological ferms of hitrogen. The hypothesized
numerical methods -for simultaneous solution of \ structure of the model is sophisticated enough to
equations (1L12), (4), (5), (6), and (7) in estuaring \ simulate nityogen-limited ecosystemydynamics, yet
networks of one-dimensional channels. - \it is simple enough to be amenable to computations.
The fundamental limitations of the CBOD - DO X¥he seven storage, variables include ammonia-N,
class'of models are well known and will not be dis- jtrité-N, nitrate-N, phytoplankton-N, zooplank- -
cussed in detail. It is sufficient to say that it is * -N, particulate organic-N, and dissolved or-
essentially impossible to aggregate biogeochemical  galicyN. ‘The biochemical and ecological transfor-
transformation processes within the concept of  maljons_include nitrification, uptake of inorganic
CBOD as 3 primary water quality constituent. In nutijents by autotrophs, grazing of heterotrophs,
addition, dissolved oxygen is not a sufficient water ammpnia regeneration by living cells! lysis and
quality indicator in that it provides no information  leakape of organic matter through\ceN walls, natu-
on the state of eutrophication and the possibility. of r(;l' death of microorganisms and ammonification.
algal-blooms. ) The transformation rates are functions of nutrient
The application of modern waste treatment tech- ations and available energy in the form of
nology demands decisions on the removal of inor-  heat and light. )
ganic nutrients: in addition to the conventional ‘To explore the dynamics of the closed nitrogen
- removal of oxygen-demanding organic materials.  eleme t cycle the proposed sevenyariable model is
" The ql.gstions of what to remove and how much to applied to,the batch or chemosta system shown in

H
’

] |
!

where

concentration of dissolved oxygen
saturation concentration of- di¥

.. . DO
toa D(_),
..~ OXygen

b _Kz . = surface rgaeration coefficient

J

!
»
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FiGURE 1.—Nitx"o : cycle structure in aerobic aqua'tic ecosystems. R -
Figure 2. The set of seven mass conse equa- - dN, _ R NN, ’ FR, NN, _r NN, ‘
tions for the chemnostat, obtained from e§uation @ g  “K+N KN, “ K +N, ,
(with 8C/ax = 0) are listed below.-The assumed =~ S . \
. expressions for each of;the transformation rates are . N —(Ry+R,+ RNy
* ghown on the solid arrows in Figure 1. The dotted — (Q/V) (N°,#N,) i (11 .
. lines indicate the information transfer necessary to S 4 )
. determine the rates of matter flows. - .7 ' - O
. dN5 = B’a- N4N5 _ (R“‘*' Ns -
dN ‘ dt K +N, / <
1 = _ : » . ) : v
o o R NARNGERN RN, s NN - © @ .
P S NN , AN, o “ .
4 , - Ru K,;'I‘;,‘+ (Q/V)!(N°,—Nl) ' (82 “(Ri - R“N"i' RuNs - R\nNs . )
: R S e @ NN a
dN . < . A ) ~
o = Rl — RN + (QV)'(N°,—N,) ® N .
‘ ) 9N RN+ RN, RN, ’
N, _ RN, — Ry e 4 (@/V) (N°,—N)  (10) “ o T
Ta ) x1+ﬁ. Al ‘ N +(QV) (N%—N,) .. (14)
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Q = 0 Boundaries Closed to matter flow- -
) Q £ 0 Boundaries Open to matter flow .
. FIGURE 2. —Batch and chemostat systems. ) . J N
where , - . -every positive internal source term there exists an
. - identical negative internal sink term in the set of
y N, = concentration of NH, — N, mg/1 .System equations. This reciprocity of the source/
oy N, = concentration of NQ, — N, mg/1 sink terms i in accord with the principle, of mass’
c N, = concentration of NO; — N, mg/1 ’ conservation applied to.a cloged-loop element cycle. *
N, = concentration of phytoplankton-N, mg/1 The expressions which describe the rate of trans-
N; = concentration of zeoplankton-N, mg/1 formation processes are of two types: first order
) N, . = concentration of particulate ‘organic-N, . K ;lN
- © mg/l- - : reaction kinetics i the form of — = RN, or sat-
. . N; = concentration of dissolved organic-N, e dt L
. mg/1 .o uration kinetics in the form of a hyperbolic expres-
.. N°% = concentration of ith nitrogen-cycle stor-

mg/l(i=12,...7) = =

half saturation constant for
, mg/1

il

rate of inflow and/or outflow, ft*/day
volume of the container, ft* :

Equations (8)_ - (14) are ai)plicable to hatch and
the exfernal source

" chemostat systems. However,

age variable in the “influent discharge,

half saturatfon constant for NH,-N, mg/1
half saturation constantYor NO,-N, mg/t

hyto <N,
Phyjogy

transformz;tion‘ rate from ith storage
variable to jth storage variable, 1/day

" BATCH SYSTEM ~ -

< terms (Q/V) (N°-N) are zero in batch systems. The

analysis of the

system equations reveals that, the

formulated structure of the nitrogen-cycle model is

a.closed matfer

flow loop with no leaks. Indeed,

for

o 5
109 " . ~

X

mental nitrogen in its various storages, i.e.,

L]

sion (g:‘ ='R, Il{:-lf- I:i: Data in the litérature show .

that transformation rates ‘that relate to nutrient-
uptake by primary producers or predators usually .
follow satiration kinetics. These process rates are

all temperature-dependent. Uptake:rates also vary

Mﬂfith the intensity of solar radiation. -,

-

- I3

fhe response behavior of the nitrogen cycle in a
batch system is determined by (a) the initial con-
centrations of the storage variables and, (b) the
“assumed transformation rate paramefers. At all -
times the total amount of nitrogen in the system is
equal to the sum of initial copcentrations of ele-

- -~ ¢ . )

-~

-
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(15)
i=1

where N, = concentrations of nitrogen-cycle
. storage variables aCany time t, mg/1

N* = initial congentrations of nitro-

. gen-cycle storagevariables at time

“ t= O, g/l

-

The constraint equation 115) implies that the Q
‘term in the system governing equations is equal to
zero. e -

The response analysis of the nitrogen model in a
batch system is shown in Figure 3. The analysis

reveals that the structured model exhibits a limit-

cycle behayior. Such a behavior is characterized by’

inherent undamped oscillations in the cycle. These
sustained oscillations are the result of the assumed
hyperbolic expressions for the uptz}ke of nptrients
by the biota. Quinlan (1975) discusses in detail the

response characteristics of structures that assume
quadratic or linear expressions for ecological pro- -
cess rates. Rate-governing parametérs used in
equations (8) - (14) are given in Table 2. These -
values argfwithin*the range of values reported in
the literature. . .

Tabie 2.—Transformatlon rate parameters.

. R, = 0.20/day !
R,, = 2.0/day (light Hours); 0.10 (dark hours)
Ry = 0.25/day .
= 1.0/day (light héurs); 0.05%dark hours)-
= 0.0/gay - _
R, = 0.07/day (light hours); 1.50 (dark hours)
= 0.03/day .
0.03/day
0.01/day
0.10/day
0.30/day”
0.30/day

1.2 — T

-t

1000,

1500

1 .
TIME IN HOURS

FIGURE 8.—Limit-cycle response of a batch system with closed boundaries (Q=0) (1-NH,-N; 2-NO,-N; 3-NO,-N; 4-Phyfo-N;

¢

5-Zoopl-N; 6-Part. Organic-N; 7-Disv.Organic-N).,*

¢
—
-~

-
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CHEMOSTAT SYSTEM ' ()  When elemental nitrogen in one or more

) . of its storage forms is, continuously added
Figure 2 shows the chemostat system with mass "and removed from the chemostat, the °

transfer across the physical boundaries of the sys- limit-cycle behavior disappears and a
tem..The mass conservation principle requires that damped oscillation develops. Figure. 4

the following constraint equation be satisfied:

shows the response of the chemostat with
identical ‘system rate transformation

. ) o ) . parameters as for the batch system'shown
d c . (3 S . in Figure 3. The residence time of the d
L No=.3 N +f .2 DN ‘ ‘.. systemis assufried to be 15 days, i.e., V/Q
=1 i=1 i=1 ' . . =15, - <,
v -N, (t)]th ’ e 16)° (il The forced damping of the chemostat
: A% system oscillations is dependent on the
. " magnitude of the assumed modulating
. . parameters. If the half saturation con-
The response analysis of the nitrogen cycle in' a « centrations K,, K, and K, are reduced to
chemostat system is shown in Figures 4 and 5. . 50 percent of their originally assumed
These analyses reveal additional system structure values, a new dynamic response of the
characteristics: system is observed as shown in Figures. . .
§
i y N
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FIGURE 4. —Dynamic’ response of a chemostat system with open boundaries (1 -NH,;-N; 8~NO,-N; 4-Phyto-N; 5-Zoopl-N); K, =0.3;
i ' K,=0.7; K, =0.5. ,
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POTOMAC ESTUARY ' a
n
The most dramatic evidence of the effect of phys-
ical factors on water quality comes from the appli-
cation of the nitrogen cycle model to an actualy
estuary. The tidal motion and longitudinal mixing

- during the 10-day ‘run are shown in Figures 6, 17,

processes in an estuary are
time and space; in addition,

highly variable both in
the diurnal light-dark

cycle is out of phase

with the lunar tidal gycle.

Nagjarian and Harleman® have demonstrated the
application of the nitrogen cycle model to the
Potomac Estuary from the head of the tide near
Chain Bridge to the junction with Chesapeake Bay,
a distance af 114 miles. A period of 19 tidal cycles
(about: 10 days) was chosen for the simulation run.
Waste treatment. plint loadings in the upper 30
miles of the &stuary were included, the major con-
. tribution being the Blue Plains waste treatment
facility. The model calculates the tidal Qotion by
means of the contifiuity and momentum equations,
(1) 'and (2). Temperature and salinity can be deter-
mined from equations (4) and (5) and coupled to the
seven nitrogen conservation of mass equations in

. that a re-evaluation of traditional estuarine field

C

the form of equation (3). Time steps of the order of
30 minutes were used for-the calculations with
spatial increments ranging from 1,000 to 10,000 feet'
in length. ’ .

Time histories of the seven nitrogen variables

and 8 at a location 2 miles below the Blue Plains'
waste treatment facility. Of interest is the large
variability of many of the water quality parameters
within a tidal period. This characteristic, which re-
sults from a coupling of the hydrodynamic tpans-
-port and the biochemical transformations, suggests

.

data collection techniyues is necessary. More atten-

tion must be given. to determining the temporal

variations of consfituents at fixed locations. ~ ° e =
Obviously .much more is known_about hydrody-

namic transport processes than is known about bio-

chemical processes. Because of this it is important

that water quality models incorporate correct

transport processes so as to avoid obscuring further

understanding of the complex biochemical trans-

_formations. .

: N
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tical model for the prediction of unsteady salinity intru- S ’ y .
sion ineatuaries. Technical Report No. 144, Fuloh 3. . Chiirman Ballentine: Who prepared the bio-
sons Laboratory for Water Resources and Hydrodynamies,  chemical models that you presented here? Is this

another member of your team at MIT?

Dr. Harleman; Yes. I'm very sorry that I didn't
verbally acknowledge the important contribugion of
two'of my students. Dr. Alician Quinlan did much of

It
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FIGURE 7. ~Phyto-N and Zoopl-N variations 2 miles downstream of Blue Plains, July 15-24, 1969.

"the fundamental work relating to the structure of
this type of modeling and the sensitivity and{sys-
tem responses as a function of the parameter rela-
tionships. ) -

Another student, Tavit-Najarian, has taken this
general structure and applied it to some of the
estuarine processes that I have shown. They are
both Ph.D. theses and are available as technical
reports of the Ralph M. Parsons Laboratory at
MIT

-Chairman Ballentine: You made some comments
concerning the problems of monitoring. From a
practical viewpdint; do you believe that, for in-
stance, slack water type mohitoring is still superior
to other types, or what would you suggest?

Dr. Harleman: I would prefer to see a much more
concentrated effort at looking at the time varia-
bility of parameters at fixed locations. I would be
willing to accept a more limited spatial distribution
in favor of temporal definition. Observations at

~

B 400, 00
TIME IN SECONDS

fixed locations should be made at least.during a -

tidal cycle? from one slack to the next. I would very
much like to gge and encourage the_ approach of
looking at the variability at fixed stations, because I

“50.00 660,00  640.00 . 720.00  800.00 8
n10° ' .o
4

t

1 -

] L.d

do not think it possible in these nonlinear systems
to account for these effects by translation or other
approximations of the tidal flow. When you put the
same rate constants into the biochemical models
and’ approximate the flow by a freshwater dis- -
charge which eliminates the tidal reversals, the re-
sults are quite different. - i

So that if you {fit the data you ‘would end up with
different fitting constants, but it's the same process
going on. -

Chairman Ballentine: Just to foster some discus-
sion here, I know that much of Dr. O’Connor's data
in New York Harbor were collected by the Depart-
ment of Public Works. They would get their boat
out once a day and go down the river' and collect
samplesin a grab fashion. Is that correct? *

Dr. O’Connor: Yes.

Chairman Ballentine: So you have to work pretty
much with average values? ‘

Dr. O’Connor: Yes. On the New York Harbor we
did that over a good portion of the summer period
when the assumed studies existed, so they did that”
maybe for 2 or 3 months for-a recent study hydro-
graph of the Hudson. They took various Bomw in

T
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FIGURE 8. —Part. Organic-N anid Dissolved Organic-N at 2 miles downstream of Blue Plains. J uly 15-24, 1969, Ty

tke tidal curve by doing a random collection. So, I
assume the average there was a mean-tide condi-
tion. . ,

I hdve mixed feelings about Dr. Harleman’s sug-
gestion. I'll just make one point. I certainly see
what you're getting at, ‘but I'd like to look at that
more critically. . i ~

My greatest concern, of ‘course, is the practical
impact this has on collecting field data. I think
we're getting overloaded in what we’re asking for,
dnd now we're asking for additional data, which
might start to break the back, so tospeak. -

Dr. *Harleman: I'm not necessarily asking for
additional data. Spend the same amount of money
on collecting data and give up the practice of run-

* L}

-

» .

v

ning a boat up and down-the estuary. Concentrate
on a smaller number of spatial points, but more de-
tailed coverage in time. ° ,

Dr. O’Connor: It’s getting back to the old prob-
lem. It’s a two- or three-dimensional time variable
problem, so it depends on how ane looks at it, or
what one abstracts from it; it depends on what way
he thinks is most meaningful to look at.

Chairman Ballentine: Is, this one of the oceang-
graphic approaches where they sit on station?

Dr. O’Connor; Yes. By contrast to what we had.

Chairman Ballentine: This is where you race the
slack upstream?

.Dr. 0!Connor: Yes,

\
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Consultant, Arthur D. Littte, Inc. ~ T
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Through the‘medium of this symposium, we are
all- asked to assist the Environmental Protectfon
Agency in *. . .defining :the concept of “water
integrity in ‘its ° various ‘ forms.”™ The stated
“, .. purpose bf the Sympgsium is to address the
issues required-by Segtion 304(a) (2) (A) and (B)”
believe, really means addressing the issue
posed by the policy declaration of Sectjon 101 of the
Act, since Section 304 neither requires nor poses an
issue; but.rather seeks information. Further, each
presenter is requested to address the problem
associated ‘with his topic, drawing upon his back-
sground and perspective. C g
For Wy assigned topic—the one word channeliza-
tion—no other guidance by the EPA was offered as
to how I should handle it. This is commendable, of
course, but with the latitude it provides me goes a
special responsibility. Certainly it has been .an
issue, certainly a problem as well, But the two
terms, issue and problent, are often used inter-
changeably and inaccurately. In my research back-
ground, and
with others,
call attention to an important
the two terms. .
* " Resedrch seeks or ought to seek, the solution to a:
problem and is, or should bé, detached from pro-
cesses for the resolution of issues. If it is not so de-
tached, research is inescapably drawn into taking a
position on a guestjon, often a vital question for
debate—which defines an issue. It is therefore not
research and should go by another name. Still, re-
search may illuminate an issue and contribute to its
resolution by placing the problem in pérspective. I
intend to keep my remarks problem-oriented,
which is to say subordinate to other perfectly valid
—indeed essential —processes ' in a demdcratic
society. . ’
As for the meaning
have heard it expressed variously here in the past
24 hours. For example, “only pristine waters
possess integrity”; “integral systems— good or bad
— whatever the changing state over time”; “back-
ground condition as a reference point”; and “not a
concept meaning return toa previous state.” I have
also heard “try to improve it, but at least keepit

difference betvgeen

in discussing research assignments - "or in combinations,
I have frequently found it necessary t(jg

of “the integrity of water,” I '

it”—which is really more an

the way you find
it is said tobe a

approach than a definition. Finally,
philosophical and moral question. ..
Setting aside these concepts for the moment, I'
would pose four questions, attempt to provide some
answers, then retuin to the concept of integrity-and -
try torelate it to channelization. - .o h
The four questions are: (1) What exactly is chan-
nelization? (2) What has been the extent of its appli-
cations? (3) What have been its observed physical
effects on navigable waters, ground water, waters’
of the contiguous zone,” and the oceans? (4) What
have been its observed physical effects on fish and
wildlife and on recreational activities? .
The inclusive term channelization —sometimes
called channel improvement, alteration, or medifi-
cation—can mean variously the straightening, .
widening, deepening, lining, clearing, dredging,
re-directing, creating, or re-creating of water-
courses. These are 4ll essentially. *hydraulic en-
. gineering techniques that can be applied- singly
together or in tandem, in mod-
erate or substantial scale. All are more or less self-
explanatory, but there are differences or degrees of
application. a o
Straightening a watercourse, for example, may -
involve slight realignment of a single curvature or -
pronounced departure from the course of flow at an
upstream point to reconnection several miles down-
stream —sometimes called a “floodway.” Widening
or deepening a natural alignment may increase
cross-sectional dimensions by 2 or 3 feet to 100 feet
or more. Lining, if any, may be with grass-type
vegetation, often producing what is called :a
ugrassed spillway,” by gravel, rock-emplaced rip-
rapping, bank stabilizing revetments of steel or
timber, or poured concrete; all of a trapezoidal
design configuration to- smooth channel beds and
provide channel banks of varying slope, from verti-
cal to relatively horizontal. Such designs often pro-
vide a “notched” channel bed or “pilot” channel
intended to maintain very low but continuous flows
within a confined trough of the larger channel
dimensions. ,
Clearing, snagging, or dredging is designed to
_remove obstructions to flow in the watercourse.
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This can mean the cutting ‘of trees and brush from
- channel beds and banks, and sometimes ¥rom a
wide right-of-way on either side as well, to accom-
modate placement.and spreading of excavated
dredged “spoil” material. Early works\xeit
spread, nor reseeded spoil banks. Mbre recently,
where dredged material'is a problem, rights-of-way
have been contouréd and quickly revegetated. Thé

removal of sediment, sand or gravel bars, large.

boulders, timber, constricting bridges, and old
dams is another feature of clearing. .
Redirecting or creating a new watercourse may
involve the placement of jacks or- jetty fields to
induce the aggradation or deposition of sedimen-
tary materials in desired configyrations —again, to
alter flow patterns similar to moder straight-
ening. Natural stream flow then does the work of
channel alteration. It may, however, involve cut-
ting an entirely new watercourse from an upstream
point of departure to an entirely different otitlet,

such as in a lake or estuary. This is sometimes -
. called a “cut-off.” Finally, re-creating a water-

‘course may mean restoring the flow capacity to

either a partially or totally clogged drainage ditch |

or canal, usually edcasionéd by poor eriginal design

relative to soil conditions or to poor maintenance of

complete works resulting in heavy siltation and
, vegetation. . CoL :
The building of levees in flood plains some dis-
tance away from the normal channel alignment —
which is left physically undisturbed —is a form of
channelijzation, as is the stair-step series of low
dams and locks which provide shallow draft com-

" mercial or recreational navigation. Levees infre-

- quently cause flow alteration, while, navigation sys:.
tems constitute essentially permanent alteration to
the flow regime. Neither is customarily grouped
within the populaf term “channelization.” The
recent EPA guidelines give navigational channeling
the -prominence it deserves, but which has long
been neglected. .

The extent of the applications of these several
techniques is extremely variable, gebgraphically,
and by watercourse. Taking the broadest view and
bearing in mind the integrity of water definition, it
can be said that the major arteries of the vast
Mississippi drainage system have been channelized
—from New Orleans to Knoxville, Tenn., to Pitts-
burgh and beyond, to Chicago, to Minneapolis, to
Sioux City, Iowa, and to the border of Oklahoma,
touehing or reaching into 19 states in one con-

tinuous system. Except where only “maintenance -

dredging” is carried out on the lower Missouri and
Mississippi Rivers, all of this type of channelization,
constitutes permanent impairment, a point of no
return, decidedly not in “correspondence with an

! Y. “
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- typical —application 'has been in combinations' of -

- sizes for, completéd and

Y

* tive sample, I found that in' 48.8 percent of thé cases

original condition.”  * _ .o, ]

This is an extreme-view, to be sure. At the-other
extreme, statistieal ‘data .as of mid-1971. fand it
seems unlikely that the data are markedly different
now), reveal that -the average—or I might say

straightening, widening, deepening, clearing, and -
lining of 5.2-mile .segments of minor tributary _
streams, brooks, ahd unnanted'legal or county
draihs,: typically small watercourses with Jeren-
nial, intermittent seasonal, or no measurable flow
patterns. I say average or typical based upon 4 sta-

tistical analysis of 1,630 completed and planned .~

applications  classified by the upfortunate term®
“channel improvements.” My average-lerives from
6,969 miles of~completed works. About 20,000 miles
of additional works—20,000 additional linear miles
—were planned at that-time. The:median- project
anned applications was
about 4 miles. More thaleO percent of completed
works were concentrated N0 southern states.
Let me hasten to add—Iést it appear that I am
implying a physical sighificance to some programs
that have received little attention and a physical

insignificance to others that have received much .’

attention, that between these extremes there have
been importafit and ‘widespread applications of .
chamnelization to.larger watercourses and legally-
defined mavigable waters. I cite the extremes in
the context of our deliberations on the concept of -
integrity of water. If, as a practical matter, the -
legislative interest_cannot be allowed to extend to
restoring and maintaining the unimpaired and
unimarred intggrity of some 3,700 miles of the
impounded Mississippi transportation system, can
this legislative interest logically exténd, again as a
practical matter, to additional thousands of miles of
unnamed tributaries and Igeal “court,” “county,”
legal, or “district” drains, the: rehabilitation of -
which eonstitutes a sizable gortion of channelization
applications? In my own réther thorough study of
2,300 miles of channel modifications selected for me
to study as a more or less randq#i but representa-

a combination of techniques was applied to drainage
ditchrehabilitation., TS

- Turning to the third and fourth of my questions,
the situations between the extremes just described .
have been-the most studied and observed and are
the most revealing. of physical effects. Again,. I
would hasten to add that, without question, all situ-
ations demonstrate some physical changes that
bear in some way on the jntegrity of water concept.. ‘-

A

Two comments to the'physical effects questions
seem in order. First, you ipay have observed that I
have thus far used the term “watercourse” when I
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- might have said stream dr river. This was deliber-
.ate—to distinguish natural water systems, qn the
one hand, from those water systems, on the-other,
that have not been natural or untouched for a long
-time and," indeed, those that did not exist before’
one or more of the applications described game L
about. I suppose that, in terms of our integrity
inquiry here, the questions this distinction raises
ggtare: how far does navigability extend and how is
“"the contiguous zone defined? - .

The second comment: it is very difficult to distin-

ish where physical effects leave off and chiemical-. -
andl biologi¢al effects’come into the picture. Where

" is the ing line or-transition point? Br. Patrick
and I had occasion_to wrestle over this ques: .

* tion—figuratively speaking, of course—when we
were trying Yo sort out our respective responsibil-

_ities on an assignment for the CEQ sometime ago. I

will try to obserwe hére the distinctions drawn at
thatkime. Thus, I will deal with (1) rates of flow, (2) «
volulnes of flow, (3) contents of flow, (4) distances,
(6) temperatures, (6) light, and (7) habitat.

One could visyalize a three-dimensional matrix
which would portray the relationships between
these physical factors, against (a) those types of
applications—clearing, realigning, and "so forth,
described earlier, and (b) those popularized but
complex effects called wetlgnd drainage, cut-off
meanders, groundwater diminution and recharge, -
erosion and sedimentation, downstream effects,
and aesthetic values. Such a portrayal is quite
impossible to present in an organized fashion.

Instead, suppose we hypothesize a typical situa-
tion between the water system extremes that I
have described. Say it’s a 30-mile channeling job to
a natural stream whose integrity or virginity has
not _yet been surrendered or compromised, so to
gpeak. S%y further that the stream has some peren-
nial flow (not a normally dry creek bed), a varied
bankside habitat (not a terrestrial system devoid of

_ vegetation), and a “natural” quality of water (not a
.biplogically dead or grossty polluted aquatic habi-
tat). Say further that the intendetl purposes of this
job are to drain excessively wet but potentially pro-
-ductive farm fands in upper reaches and to protect
an urban community against flood waters in lower
reaches. Say, finally, that some of all the applica-
tions of techniques of channelization are to be

~ carried out. What effects may be expected with
.. someassurancé? = - T
The answers can be quite brief and will come as
no surprise. There are surprises once one begins to
deal with the data relative to the idealized medel
against which you're-testing the data. First, the
clearing, snagging, and removal of bankside vege-
tation and instream obstructions from an upstream
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segment will tend to increase both the volume and -
rate of streamflow, for a riumber of reasons, includ-
ing reduced evapo-transpiration, ‘higher -surfacé
runofk _freer flow c%;leyancg passage, - higher
groundWwater transmissibility rates, and mote rapid
snow'melt. At the safme time, higher vojdmes will
tend to increase bank storage of ground water.
Contents of the flow will be altered in at least two
ways—more suspended sedimefits due to higher
surface’ runoff rates but less oxygen-demanding * -
biodegradable or “background” 'material entering -
the water from leaves and other droppings. Water
temperatures-will be Taised by the direét rays of |
the ‘sur (there’s less canopy over the water from
trees), but lowered By the entry of more ‘ground
water. More light on-the water will alter photosyn- -
thetic processes, but perhaps unpredictably. “Ter-
restrial habitat for specigs that segk trees and wet -
ground, will be reduce&g that for=Species seeking
brush, grasses, and dry ground will bé increased.
Aquatic species seeking pools, riffles, and shade
will find less of such habitat; those species seeking -
warmer waters, more oxygen, and.freer’passage
upstream will find these. » o, -

Next, the- widening, deepening, and straighten-~ -
ing of a middle segment -of ‘this nafural stream ”
(which, incidentally, will requiré simjlar clearing,
snagging, and removal of obstruction but in larger
dimensions and to %ccommodate ‘construction
activities) will have those effects desqgibed -above
and others. Bates and v&l;%rlnes of flow will increase
further; waters will contaih more suspended mate-
rial and some aill' deposit as bed-load Sand bars
despite higher velocities -generally; temperatures
and light intensity wjll rise further; and there will
be less of some kinds of habitat favéred by some
terrestrial and.aquatic species and more of -other
kinds favored by other.species. Moreover, as soil
conditions are founi?be unusually erosive in this .

.
2
’

hypothesized instange, graveled and " rip-rapped
bank stabilization inbarts of the segment will leave
no habitat. In other parts, moderately sloped banks
will prove too steep tofallow reseeding immediately
to-take root during heavy rains. As dresult, sedi-

gﬁoWnstrea :beyond the 30-mile
project, despite in-channel drop or stabilization
structures. A ‘more pronotinced” physical” effect
occurs whén a,wide-sweeping meander of oxbow is
cut off by a straight channel settion. While in-
tended that the cut-off natural ¢hannel is fo con-
tinue to receive and pass flows, and its bankside
habitat is untouched, the aggradedl sediment and
channel scour will conspire to plug the, entrante to
and exit ‘from the oxhpw and te.reduce the new
channel bed:s elevation befow the oxbow channel
bed’s elevdtion. Thus, a stagnant poql or bayou will

& .
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be created. ‘e

Next, the flow conveyance capacity in a third
segment, below fhat just described, must be main-

tained as designed by a concrete-lined channel with
vertical sides andflat bottom, except for a notched °

passagéway in the bed. This is occasioned by a con-
stricted right-of-way through the urban area. The
alignment i's\flot altered, only the cross-sectional
dimensions ate wjdened and deepened. Also, no
clearing is necessary, as no vegetation is present to
clear. The channel fis bounded on one side by a rail-
road, on the other side by a street fronting assorted
factory and warehquse buildings in varying stages
of Heterioration. The stream gradient flattens out
from the steeper uﬂ'stream gradient of the valley. A
partially washed-out mill dam, behind which is’a
, centuz"y's accumulation of assorted sludge, is to

removed. The effects here will be substantially ih-

creased rates and volumes of flow, a reduced con-

centration of suspended materials, no change i

" temperature, light, or terrestrial habitat, and a

total change in aquatic habitat from mixed sludges,
oils, and chemicals to solid concrete. ‘A chain link

. fence will bound the chaniel, atop the retaining

wall, on both sides. Drain pipes will be designed to
maintain ground water in the contiguous-zone at
pre-project levels. o~ \
Finally, just downstream of the channel job, the
natural stream enters the headwaters of a large
reservoir. created by'a dam 20 miles farther down-
stream. Storage and release operations of the res-
ervoir oBcasion daily and seasonal drawdowns, with
fluctuations of up to 4 feet daily and 40 feet season--
ally.. Waterfowl abound in the headwaters region
and sport fishing conditions are excellent. The
downstream effects of the channel job are also pre~
dictable. To the extent that upstream changes are

experienced, i.e., increase in volume of flow, ero-’

sion and transport of suspended materials, and
higher témperatures,, these will be transferred to
the lower reservoir. Rates of flow will drop to zero,

+ light will be unchanged, and terrestrial habitat will

remain unaltered. Sediment aeposition.in’thé reser-
voir will totally alter lake bottdm aquatic habitat
important to the fishery in the upper reservoir

reaches.. . .
What I have described-is a composite cha®neling

' job in the sen%%,thaf virtually all of the techniques
are to be applied and to a fairly broad range of pre-
_ project conditions or environmental settings. But it

. is more than that. It is in fact a set of.applications

and settings which I observed and studied on one
completed project in the field, the.physical effects
of which I attempted to evaluate.

Eer our pufposes here, however, the description

is incomplete, not so much in the recording of appli- '

P
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- cations of. techniques; but in the potra’yﬁl of the

I

range ‘of settings in Which they havel been. applied
elsewhere. One could correct this by Substituting a
number of descriptive phrases. These would range
from richly varied swamp forest ecosystems,
through rolling prairie and high-country farm
lands, to barren and semi-arid range lands. The soil
conditions could range from highly erosive to bed-
rock ledge. The downstream'receiving waters could
be a natural lake, swamp, inland river, coastal
stream, or estuary. ¢ .o .

The descriptions are also ineomplete;in two dif-
ferent ways: Namely, the effects.over time and the
cumulative effects, which I féel have been sub-
stantially ignored. ‘ "f -~

By cumulative I mean not necessarily upstream-
downstream, but cumulative in't‘h,é sense that these
channeling applications may occuir in 8 or 10 or 20
projects in the same river basin and they.all con-
verge on the downstream gutlet.

Clearly, whenever a natural sfream system is
tampered with a new ecosystern confronts the fish .
and wildlife species that inhabit it and new associ-
ations must be set in motion and established.

. - Whether these are destructive or enhancing events

can ofily be defined in<terms of individual or group
objectives. For example, it is one thing to describe
a physical event stemming from channelization as a
diminished rate of groundwater accretion or a loss
of seasonal overflow to flood plain wetlands. These
and other things do happen. It is another thing to.
record the induced changes to species numbers,
productivity, and diversity. It is still another to
assert that these hapﬁngs are always good or
alwaysbad. s .

When it comes to the third in this progression of
determinations, we enter the arena of policy, both
legislative, and administrative. I could suggest ele-
ments of administrative policy in the following man-
ner. In the total water and related land system,
from forested or arid uplands through waters of the
contiguous zone and navigable rivers to estuaries
and the oceans, channelization seems at first not to
jeopardize the integrity of waters, then to jeopar-
dize it severely, and then again not to do so as
effécts are dampened out in larger systems. In the*
lofig process of hammering out administrative
policy there is, I am advised, evidence of a Willing-
ness to accept the validity of drainage needs. T{ée
is also, I know from very recent experierfck, a

similar tolerange-6T willingness to accept the valid-
ity of nonstruttural flood plain r‘nanagemerit devices
in lieu of sstructural means to convey floodwaters."

'Both are healthy and constructive signs.

SRS C AR

Still, administrative policy development seems

confronted with a dilemma posed by legislative
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policy. One declares a natlonal pohcy— . to

restore and maintain'the physncd’l chemical and bio-
logical integrity of the . . . waters” {Sec. 101, P.L.

" 92.500) dnd this is. prompted by fristrations and

—

impatie’nce with two decades of disapphnting water
, quality program performance. ’lpﬁs declaration fol-
'lowed closely on the heels of another national
policy — . to use all practlcable means and
measures .
promote the general welfare, to create and main-
tain conditions under which mah and nature can

exist in productive harmony, and fulfill the social, .

economic and other requirements of present and
future generations of Amerlcans" (Sec. 101(a), P.L.

. 91-190).

" These two policy pronouncements seem to con-

‘verge with inconsistency on the ‘channelization -

question. Perhaps, as a practical matter, the con-

. ¢ept of nondegradatioh may need to replace the

concept of integrity if the deliberations here are to
produce sound and equitable results. £

DISCUSSION Co

Comment: Can Mr. Wilkinson detail the nature’of
the controversy, brie#§?

Mr. Wilkinson: Could I detail the nature of the
controversy? Well, in briefest essence, the pur-
poses intended to be served by channelization are,
as the EPA guidelites say in identifying them, flood”
control and .drainage of wetlands. These are on
agricultural lands; to either enhance or restore the
productivity of farmlands and increase production
of food and fiber. -7

_Secondly, for flood protection or flood damage
alleviation. Here the objective is again, essentially,
economic rather than environmental, obviously. It's
to protect urban areas, or to protect against fre-
quent flooding of farmlands, again, in agrlcultural
regions.

Finally, there is the recognition of a third ma_]or

tion. I guess the Tombigbee Pro_)ect is a good exam-
le of that.

I use the extreme example of a point of no re-
turn—the vast, interior, heartland navngatlon sys-
tem. So I think the two objectives, economic and
environmental, come head on here and the contro-

.\‘\l)ntended purpose of channeling, namely for naviga-

* versy received quite a hit of attention when the

Council on Environmental Quality decided to have a
general assessment of channelization made.

So, the nature of the controversy, the issue if you
will, is economic versus environmental.

Comment: The last comment suggests perhaps
that you equate integrity, for use administratively,
with the idea of nondegradation to define integrity.

PHYSICAL INTEGRITY

. in a manner calculated to faster and

- might not be attainable?

A
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Could you elabérate on that just a little bit?

Mr. Wilkinsdn: I don’t upderstand all I know
about the prindiple of nondegradation which has
been applied to fair quality, but it seems that there
the trend has bgen to take a pre-exigting ambient
air quality or ai¢ quality condition and‘then say we
cah’t do much alout that. We can try to improve it;

but let’s accept that as it is, the baseline precondi- ¢

tion, and not try to make all air pure everywhere
consistent with ﬁhe principle of integrity, as we re
trying to do with'it here. .

Or the other whs non-use. There has been a lot of
administrative effort to define “where do we go
from here” in air jquality, and this principle of non-
degradation of alpre- exnstmg situation or an air
quality as it is now found has come to be accepted"fé
believe, as a point of departure and one might de-
fine' that as some, background condition, such as ,
integrity of water And integrity of air.

-

Comment: Then you would suggest thatcthe (_

existing physical integrity. would be a Bomt of de
parture?

Mr. Wilkinson: That’s rlght

CommentAnd put that into some kind of overall
environmental assessment?

Mr. Wilkinson: This is not to deny 1mprovements
in it, but it’s in lieu of that impossible goal of going
back to integrity as it’s defined, say as correspohd-
ence with an original condition. .

Comment: Are you putting any signi jcance on -
the words “where attainable” in the Act? Especially
when it says that in the Mississippi- syste

»

could be, it’s)not an irreversible or lrretrleva te
situation. .

The people who write Envnronmental/ Impadt
Statements, when they come to that sectiong and
I've written some myself, the irretrievable eor
irreversible; well, you can t:_ake a dami out, you can
take a whole series of dams out. It's physically pos-
sible, but hardly a realistic option. ’

Comment: I'd like to make a couple of comments.

First of all, I don't think your response is very
good in reply to the question about what the contro-
versy with the Council on Env1ronmental Quality
was all about.

In the first place, you lmphed that it was eco-*
nomic versus environment. That i$ only part of if.
The major charges that have been leveled against
all of the channelization projects that have been
done was thatthey are using tax dollars to benefit a
handful of land owners, to help them improve their
own property at the cost of a natural resource.

And, that certain channelization pro_)ect,s in fact,
benefited major industries. So there is a lot mage

Mr. Wllkm;)on Right. It’s a point of no return, It .
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than simply facing environment versus economics.
Some gf the channelization projects were actually
courtfer-productive in terms of controlling floods.

Then I would just like to raiSe a question; you
implied that channelization of our natural systems
somehow could havé benefits that, well, though it
might hurt some organisms, t might open up a
channel so migratory fish could come up. I think
that thfﬁs(::ientific évidence that has been brought
out in statements before. the House Government
Operations Committee runs sharply counter to
that. ’ :

In fact, at the hearing wheré you testified, Dr.
Vannote, who testified along with you, said, I be-
lieve with reference to our natural stream system,
the evidence is so conclusive that channelization has
just about totally grounded out the productive

. capacity of the stream. ;

And yet, you imply in your remarks today that it
might help out, it 'might turn the stream into a bio-

, logical desert. And I suggest that one example of
how bad the effects could be can be seen just by
going south about 65 miles to Gilbert’s Run in
Maryland and looking at what happened to a fine

totally wiped out to benefit a couple of land owners.

I just offer these remarks contrary to some of th
things that you said. The issue of channelization j
not over messing around with drainage ditches ¢n
streams that don't flow. It has been with the de-
struction of various productive natural systems,
hardwood swamp areas which are rich in fislz and
wildlife resources. . i

Mi. Wilkinson: Evidence remains at isst'ie.;/l‘hose
are very gobd points. I'm sure that I could take you
to channelization jobs that exemplify the extreme
range of effects, and\those that didn't benefit just a
handful of land owners, but a railroad that didn’t
even get into the benefit cost calculations.

I don’t dispute that at all. I don't think it’s‘quit.
fair of you to cite Robin Vannote’s comment in t
testimony. At this lecture that I cited at the opeh-
ing of my remarks, Robin was}the e too, and we

stream that hosted migratory fish. It has now been /
/

had a little chat about our tes
Ruth Patrick. We both realized /what had to be
brought out at that time under the circumstances,
toreflect the diversity of our findings in this field.
, Chairman Ballentine: 1 have one .question. Mr.
Blackwell, would you categorize all channelization
projects as bad? I wasn't clear on your comment.
There are bad aspects to almost any project. What
kind of balancing test do you propose? .
" Comment: I just say that we are not worried
about a lot of.channelization projects if there is not
a resource presen) that would be destroyed. The
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fact that these projects were being cargied out with
tax dollars to destroy important natural values.
And for people to say that you say that chanpeli-
zation is wrong, per se; well, how are youf s supposed
to answer a question likp that? We wouldn’t have
any complaints if there were not significant envi-
ronmental losses occurring. It's because of those
losses that w# call for major reforms in policies.
And yet, the Soil Conservation Service, if you
read the}(nvironmental Impact Statement, is gojng
right ahead with about 1,500 miles of channelization
listed in the past 2 years in their Environmental Im-
pact Statement filed with the Council on Environ-
rijental Quality.
I don’t think the Agency has taken to heart the
criticisms that have been brought. .
» Chairman Ballentine: Would you mind identifying
that report tothe reporter? * ° L.
Comment: The Hearings of the House Govern-
ent Operations Committee. There are six volumes
f Hearings; it’s the Subcommittee on Conservation
nd Natural Resources. In those Hearings there are
extensive bibliographies of related works.
Comment: I would like to ask Mr. Wilkinson if in
his investigation he got involved with the effects of
the locks and daniis on the Ohio and Upper Missis-
sippi and other impoundments which, in effect, cre-
ated almost waste stabilization ponds in rivers
which, I believe, may have a very great effect on
digesting the pollutants of the stream and improv-
ing water quality, plus or minus oxygen problems
below such structures? Did y$u find that there was
an improvement in the dissipation of organic mate-
rials in the reservoirs and the deep channels? ‘h-
Mr. Wilkinson: To answer the first part of yo
questiprf” we did not get into Navigation projects
use, at that time, the interest iﬁ exploring the
roblem was not navigation projects, it was in the
small projects in relatively minor tributary areas.
And it was largely because of that, the definition of
the projects, that our statistical analysis found that
about 50 percent were of a drainage rehabilitation
kind. We did not get into major rivers, major navi-
gablg streams. But you've got a good point there.
omment:_The reasonI.
part, is that the management of pollutants in storm
water runoff is becoming a greater and greater

problem to the® Nation and especially to urban.
areas. And, the onsite retention techniques don’t

really get too effective on pollution =~

So I think there seems to be a lack of information
on the effect of small defention reservoirs or
impoundments in improving the quality of storm
runoff in various places and various situations.

And I just wondered if anybody has any light he

reason that channelization became an issue is the Jcould shed on the effects of these small retention
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structures on improving water quality?

v

PHYSICAL INTEGRITY

i

M. Wilkinson: 1 think the subject of impound-
ments was on the original program, wasn't it? It

dlsappeared
Only one other response, it seems to me, is that

the effectsvnstream or in the impoundment

to be studied. I think they have been, bu

\ .-

stratification, and other things.

4
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quite unpredlctable in terms of temperatures,

One thing that occurs to me is that you do not
have the turbulence that'you have in a natural flow-
ing stream and therefore, the reoxygenation capac-
1ty ut that’s getting alittle bit beyond my field. |
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DAVIl;\Ge.nFREY
Department of Zoology
Indiana University .
Bloomington, Indiana,

= 'To a considerable extent the topics assigned to us

have unreasonably artificial boundaries, because an

 ecologist cannot'talk about the physics, chemistry,

or biology of water _separately, nor about the quali-

- tative aspects of water and its biotas separately

from the quantitative aspects. Moreover, in a meet-
ing such as this of persons with disparate bagk-
grounds and interests, effective communication can
be a problem. We all tend to use:words that have
special lxéeanings within opr own disciplines and we
assume a certain understanding of premises, princi-

ples, and laws when we use them. To make certain ~

that we all are operating on the same wave length'I

. shall present several principles of ecology that must

guide our thinking about water, its management,
and the potential effects on it of .various manipula-
tive processes, then give my own definition of the
integrity of water, and finally addregs the topic

assigned me. The prlnclples to be discussed apply

to ‘all aquatic systems, but the examples I shall
present will be concerned chiefly with Iakes, as
they, along with the oceans, provide in their sedi-

ments the only record of past events not covered by

ittén observations or the meniory of persons still
\iPing, ,

g
(1) Lakes and rive

lakes. Besides water itself, the catchment atea con-
tributes dissolved and particulate substances, both
mineral and organic. In addition, usually lesser

‘quantities of various substances are contributed

directly to the water from the atmosphere by pre-

‘cipitation and dry fallout. Together .with.such

process-regulating variables as light, temperature,
current veloclty, et cetera, these various sub-
stances comprise the abiotic portion of the aquatic
environment and help control the diversity and
abundance of aquatic organisms.

(2) Those substances that are used dlrectly by
aquatic organisms and are necessary in their
metabolism—usually gcalled fessential nutri-

ents—are recycled in the system by biological

. e integral parts of larger.
_systems—the watersheds _or catchment areas that
are drained by the rivers or drain through the

mechanisms. Storage in living biomass, in wood or
sediments, or in the deep water of a stratified lake
can delay the reutilization of these nutrients for
varying periods of time. Because inputs and out-
puts, mcludmg storage, are generally in balance,
aquatic systexqg remain funétional requires a con-
tinuous.input ok nutrients. The quantities of nutri-
ents and other substances contributed by.a water-
shed vary with the géological nature of the sub- -
strate and its overlying soils, the vegetational
cover of the land, and climate. Since all of these
tend to form regional patterns, it is nof surprising
that rivers and lakes also tend to form regional pat- .
terns or clusters,in their chemistry, productmty,
and biotic djversny

(3) Besides nutrients there must also be a source
of fixed energy, mostly in organic compounds. The_
latter derive both from. -photosynthesis accom-+
plished within the aquatic part of the system and
from organic materials, ‘'such as leaves, pollen, and
leachatés. produced in the terrestrial part of the
system. In some systems, such as lakes with small, ~
nonforested watersheds, v1rtually 100 percent of
the available ene¥gy derives from autochthonous
photosynthesis, whereas in other systems, such as
small, headwater streams in heavily forested
reglons, almost all the fixed eﬁergy derives from
organic detritus of terrestrial origin. But whatever
its origin, the fixed energy in orgamc substances is
the driving force that enables the drganisms pres-
ent to metaholize and carry on their life processes.
As the energy is used in metabolism it is trans-
formed into heat and dissipated from the system.
Heiice, unlike nutrients, energy cannot.be recycled.
It is a one-way street, but like nutrients there must
be a continuous supply for the ecosystem to
function.

{4} Taking into con51derat10n regional differences
in water chemjtry and nutrient supply and differ-
ences between water bodies in energy availability
and efficiency of nutrient recycling, each aquatic
system. has accumulatéd over time a diversified
blota conswtmg of many. species of organisms ad-.
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justed to the particular set of conditions in the
water body in question: For purposes of analysis
and construction of models, these organisms are
often clustered into such functional groyps as pri-
mary producers, herbivores, detritivogs, carni-
vores, decomposers, et cetera, but all are inter-
related. That particular species occur in a/given
lake or river is partly a matter of the species pool of
the region and the dispersal capabilities of the
individual species, partly a function of the biotic
and abiotic relationships in the water body. Al-
though we consider these systems to be in a steady
state, .intuitively we expect the biota to adjust to
long term changes in climate, vegetation, soil de-
velopment, and internal trends within the system
itself, and we also expect the system to be able to
accommodate~and eventually recover from such
short term natural stresses as scouring flushouts in
rivers, episodes of volcanism, landslides, and so
forth. Homeostasis is restored.

This, to me, is what is meant by the mteg'ntyof i

water —the capability of supporting and maintaini-
ing a balanced integrated, adaptive community of
organisms having a composition and diversity com-
parable to that of the natural habitats of the region.
Such a community can accommodate the repetitive
stresses of the changmg seasons. It can accept nor-
mal variations in input of nutrients and other mate-
rfals without disruptive consequences. It displays a
resistance to change and at the same time a capac-
ity to recover from even quite major disruptions.

My assignment is to consider what history tells
us about the response of aquatlc systems. Anything
that happened in the past is history. Even the
words I speak become a part of hlstory as soon as
. they are spoken. But most of history is unrecorded

and hence unavailable for interpretation. In the

case of aquatic systems there are. anecdotal
{accounts of particular events or conditions that may
have some comparative value. There may be time
series of accumulated data for particular rivers or

lakes that document what happened during these,

intervals. And, in the case of lakes (and oceans), the
accumulated sediments constitute an historical rec-
ord of changing climate and watershed conditions
and the integrated response of the lake to these
changes. Where no previous studies on particular
lakes exist and likewise no isolated anecdotes about
particular« events, the only means ‘we have of
interpreting prev1ous conditions is from the sedi-
ments. For rivers this possibility does not exist at
all, as there is no long term sequential accumulation
of sediments. Hence, here we are completely de-
. pendent on the written record, except for the geo-
morphic and hydrologic changes that can be inter-
preted from the landscape and residual sediments

2,
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of the valley.

I do not intend to say muck about rivers. Their
response to point source additions of domestic and
industrial wastes is the establishment of a longi-
tudinal gradient mvolvmg a succession of chemical
processes and organisms, which for organic wastes
is sufficiently predictive that a series of zones—the
sabrobic'system —has been set up.to help describe
and interpret the process of recovery. Other zone
designations have been devised for various kinds of .
industrial wastes and the responses they elicit.

Organisms vary greatly in their sensitivity to
environmental changes accompanying pollution.
Fishes together with a majority of insects and mol-
luscs are most sensitive. Blue-green algae and a few
miscellaneous animals from several groups are
most resistant. These differences in tolerance lead
to a greatly simplified community at the point of *
‘maximum impact, with the orgamsms tolerating
the conditions here often occurring in tremendous
numbers, and then to a gradual buildup in diversity
of species and equitability in numbers of individuals
downstream. Various diversity indices have been
proposed to help quantify these changes. Diatoms
are particularly useful in stream studies and their
truncated log-normal distributions are useful in
assessing the severity of pollution. The experienced’
investigator can often determine quite easily from
the macréinvertebrates present What the stage of*
recovery is, and can alsp detect residual effects of
pollution, as from lead mines in Wales, that are no
longer detectable chemically.

Lakes are fundamentally different from rivers in
a number of respects that affect the integrity of
water as I have defined it. In the first place,-their
water movements are not gravity-controlled, unidi-
rectional flows which continually flush out the chan- -
nel with new water from above, but rather wind-
induced circulations. Typically in summer, when
the wind‘is not adeguate to overcome the differ-
ences in density set up by surface warming, the
lake becomes divided into an upper circulating epi-
limnion and a lower zone, the hypolimnion, ¢ut off
from the surface by a steep density gradient and gs
a result subject to generally much weaker water
movements, than the epilimpion. During periods of
calm weather those lakes that.circulate continu-
ously over summer can become temporarily
stratified and even the epilimnion of the others can
develop secondary stratifications under these cir-

. cumstances. Regardless of the duration of such

stratification, the hypolimnien, or its equivalent in
temporary stratification, experiences cumulative
chemical changes, most important of which is the
gradual depletion of dissoived oxygen by biological
activity. The longer the duration of stratification

Y




and the greater the amount of biolbgicil activity,
the more severe will be the oxygen depletion with
its attendant stresses on organisms requiring cer-
tain levels of dissolved oxygen for their survival.

Unlike rivers, lakes accumulate sediments pro-
gressively and sequentially. One effect of these sed-
iments is gradually to reduce the volume of the
hypolimnion over time ahd hence the total volume
of dissolved oxygen it contains when stratification
becomes established in sprmg or summer. Conse-
quently, even without any increase in biological
activity, the hypolimnion will experience a gradual
reduction in oxygen concentration over time, which
brings about the extinction and replacement of
various deepwater organisms as thelr tolerances
- for low oxygen are exceeded.

The 'sediments constitute a storage for energy
- and nutrients. Some of this is utilized by bacteria
which can continue their act1v1ty even to consider-
. able depths in the sediments, or by various ammals,
* which because of their need for molecular oxygen

are confined generally to the uppermost few centi-
meters. Whether the sediments are functlomng"

chiefly as a sink or as a reservoir for nutrients is

important in problems concerning eutrophication .

and its management.

The sediments also constitute a chronological rec-
ord of processes. in the lake and conditions in its
watershed, including climate. A perceptive reading
of the record—its chemistry, physics, and paleon-
tology —gives us much insight into the stability of
lake systems when subjected to various stresses,
including those resulting from man’s activities, and
thejr rates of recovery.

A third major difference between rivers and
lakes is that the water in lakes has a certain resi-
dence time, up to 100 years or more in some of the

large lakes, determined by the relationship be--

tween the input of water from the catchment area
and direct.precipitation and the total volume of the
lake. This allows for the recycling of nutrients in
the same place, subject to the constraints imposed
by stratification, and the buildup of a diverse com-
munity oftsmall floating organisms—the plankton.

And even apart from any storage function of the-

sediments, the residence or replacement time
. means that' there is an inherent lag in response of
the system to any increase or decrease in inputs of
nutrients or other substances having biological
effects. In streams the response to, input changes
can be almost immediate. Any storages in the sedl-
ments are mostly temporary, as the sediments can
_be swept downstream during the next flood stage.
What I should like to do now is present a few
examples of the kinds of responses made by lakes to
various stresses.

BIOLOGICAL INTEGRITY — A QUALITATIVE APPRAISAL ) . 129
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It was almost axiomatic in llmnology until quite
recently that lakes increase in productivity over
time through natural causes, a process that has
been termed natural eutrophicatiop. This idea
seemed to be substantiated by some early studies in
paleolimnology which showed that the organic con-
tent of the sediments increased exponentially over
time from a very low level initially to -a certain
plateau level —the trophic equilibrium—which was
then maintained esseptlally unchanged almost to

the present. The troj Bwequxhbrmm was regarded -

as a state in which praduction was no longer limited
by futrient supply but rather by such factors as
light penetration that affect the efficiency of utiliza-
tion and recycling of nutrients within the system.

The sedimentary chlorophyll degradation prod-
ucts (SCDP) in sediments originate almost entirely
from photosynthetic plants, chiefly algae, in the
lake itself. Present evidence suggests that these
organic compounds are relatively stable in sedi-

ments. Hence, the quantitative changes over time
of these substances can give an indication of the
magnitude and changes in productivity experienced
by a lake. One core from Pretty Lake, Ind., (Figure
1), shows low SCDP and hence low ptoductivity in
late glaclal time and then an exponentijal increase to
a maximum, m’amtamed essentially at plateau level
almost to the present. This corresponds to the
classical interpretation of the trophic equilibrium in
lake ontogeny. But the second core from shallower
water shows a decline in SCDP aiter the maximum
following the exponential increase, which does not
fit themodel.

We now know from this and other studies in
paleollmnology that change in preductivity over
time is not unidireetional from Tgw.to high in all
lakes, but that some*lakes had a perlod of high pro-*
ductivity initially and then became less productive
subsequently. Others had discrete episodes of
higher productivity from whatever cause. For
example, Lake Trummen in southern Sweden

. (Digerfeldt, 1972) had high accumulation rates of

organic matter, nitrogen,. and phosphorus at the -
beginning of pgstglacial time appraximately 10,000
years ago. Thése subsequently declined and re-
mained low up to very recent time, when industrial
organic effluents completely changed the character
of the lake (Flgu(e 2). These relatjonships are
interpreted as reflecting the high early availability
of nutrients from the youthful soils of the regional
till sheets, with the subsequent decline resulting
from the progressive impoverishment ofithe soil by
leaching and by txhe reduction of subsurface inflow
into the lake as 'basin-Sealing sediments, accumu-

Hence, the productive status of a lake is\depend-
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" ent on the Magnittide of it$ nutrient inputs, subject

to the internal controls of the system. If we can de-
crease the nutrient supply, we can expect a more or
less commensurate decrease in productivity. Vari-
ous attempts are being made to model the magni-
tude of the response expected from any reduction in
nutrient loading, but the rate of response is still
unpredictable. The rapid reduction of phosphorus
and produttivity in Lake Washingtomfollowing the
elimination of secondary sewage effluents

" (Edmondson, 1972) is encouraging, although some

other components of the system,, such as nitrogen,
did not behave in the same: dramdtic way. Other
examples to be presented suggest that the response
time of the total system, or perhaps better the re-

" bound time from a stressed condition, can be much

longer than in Lake Washington. . .
The responses of a lake to the decreasing oxygen

concentration of the hypolimnien over time are in-

' §iructive and significant. Western Lake Erie is so
s

allow.that it stratifies only temporarily in sum-
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mer during calm weather. Already by 1953 the
oxygen demand of the sediments had become such
that during a brief period of temporary stratifica-
tion in late summer the oxygen content of the water
overlying the bottom was sufficiently reduced to
cause the wholesale death of the nymphs of the bur-
rowing mayfly, one of the most abundant organisms
here and a very important fish food (Britt, 1955). .
The, mayflies never reestablished their populations,
but they have been replaced by smaller oligochaete
worms capable of enduring quite low concentra-
tions of dissolved oxygen. Thus, a single event,.al-
though obviously with antecedent conditions, led to
a complete change in one portion of the biotic
community. . . .
_ The cisco is another case in paint, although per-
haps less spectacular.-If-we want to talk about
endangered species, or at least endangered popula-
tions, this is one. It is a fish that lives in deep water
with requirements for both low temperature and.
high oxygen. If either of these linits is etceeded,
the fish perishes. As the summer oxygen concen-
tration of the hypolimnion gradually decreases over
time, the ciseo, in order to meet its oxygen needs,
is forced upward-into strata with progressively
higher temperatures. Eventually the conmbination
of low oxygen in deep water and high temperatures
toward the surface eliminates the habitat suitable
for the cisco and the populatien is extinguished. In
1952 Indiana had 41 lakes with-known cisco popula-
tions (Frey, 1955a). It is certain that a number of
these populations haye been completely extirpated
since then, and it is not at all certain how long the
others will survive. _ -

"Fhe species of midge larvae associated with deep-
water sediments have different requirements for
dissolved oxygen, so that as the oxygen content of
the hypolimniop gradually declines over time, the
composition of the midge community likewise
changes progressively in favor of species capable of
tolerating lower oxygen goncentrations. This led
early in limnology to the establishment of a series of
lake types based on the dominant species of offs
shore midges and presumably representing stages
in a successfonal series. Fortunately the head cap-
sules of the midge larvae, which are well preserved
in lake sediments, suffice to identify the organisms
to the generic and sometimes to the species levels.
In general, the pattern of succession in an in-
dividual lake corresponds to the model, with spe-
cies reqairing high levels of oxygen occurring early
in the history of the lake; these subsequently are

_replaced by species more tolerant of reduced

ioxygen; they in turn are replaced by species still
more tolerant, and so on until the only species left is

a mosquito-like larva Chaoborus, which can endure ~~
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anaerobiosis for a while, but eventually even it is
 eliminated if conditions continue to deteriorate.
The most incisive study to date is that of Hof-
mann (1971) on Schohsee in northern Germany. A
midge community associated with moderate oligo-
trophy dominated the offshore community until
arly sub-Boreal time about 1500 B.C. This was fol-
lowed by a transitional community lasting perhaps
2,500 years, and this in turn by .a eutrophic com-
munity for the last 1,000 years. The whole story is
much more complex than indicated by this too-brief
summary in that throughout the 10,000 years of
lake history there were.migrations of originally
shallow-water species-into deep water, extinction
of deepwater species, and successional dominance
of one species or another as conditions graduaily
changed. Actual quantitative studies of the benthos
in 1964-67 compared with similar studies in 1924
show that the populations are still changing (Figure-
8).”In this interval the -population of chironomids,
especially Chironomus, has declined drastically,
being replaced by an increasing population of oligo-
chaetes. Chaoborus remained about the same. This
situation is reminiscent of western Lake Erie,

3

mayflies in 1953. -

> Settlers first moved into the Bay of Quinte region
of Lake Ontario 'about 1784, Government reports
describe the devastation of thousands of acres by
lumbering and the erosion problems resulting. The
initial impact of this land disturbance on the Bay
was tb change the deepwater sediment from siit
dominance to clay dominance ansa\to'bring about a
marked decrease in organic content through dilu-
tion by clay (Warwick, 1975). Subsequently, the or-
ganic content increased gradually, although it is
still less than pre-impatt_level, but now there is a

pronounced decline in oxygen content of the deep >

water in summer. The initial response of the midge
community was somewhat surprising; it became
more oligotrophic than it had been before but then
it proceeded through several successional phases to
a quite strongly eutrophic stage at present (Figure
4). Unlike previous investigators, Warwick be-
lieves that the earliest stages in midge succession
are controlled by foed supply more than by the
minimum annual concentration of oxygen in the
hypolimnion. The latter is important chiefly in the
later stages of succession. Besides the shift in lithol-
ogy from silt to clay, the sediments deriving from
the impact period are marked by the appearance of
the pollen of Ambrosia (ragweed), the abundance of
which in the sediments roughly parallels but lags
somewhat behind the curve showing increase in
population of the region. Ambrosia provides an ex-
cellent time-stratigraphic marker in eastern North

THE INTEGRITY OF WATER

where oligochaetes took over after the big killoff of

. A

America for forest clearance and the initiation of
agriculture. , . . -

Man's effect on our water resources is nothing re-
cent. Figure 5 is -a pollen diagram of Léngsee in
southern Austria (Frey, 1955b), a lake that pres- °
ently has a layes,of water at the bottom that does
not participate iff the circulation of the rest of the
lake in spring autumn—a condition known as -
partial circulatidg or meromixis. At a particular ,
level in the sedim®yts, which is obvious in the dia-
gram, there are sudd®p changes in the non-tree pol- *
lens, including the afjpearance ofivarious agricul-
tural weeds and occasidgal grains of such cultivated
plants as cereals and walnu, as well as a disruption
in the development of the férest vegetation. At this
same level discrete band§ of clay occur, separated
by a black reduced sediment completely unlike the
stable sediment deposited prior to this but identical
to what occurs above. Quite obviously, this is when
agriculture began in the region about 2,300 years
ago, and just as obviously the clearance of the land
for agriculture resulted in the inwash of large guan-
tities of clay into the lake, triggering the condition
of partial circulation, now maintained by biological
means. Hence, the sudden’import of large amounts
of clay into a lake can have different consequences
for different systems. -

Lago de Monterosi, a small volcanic lake in cen-
tral Italy ‘about 40 km from Rome, had an initial
small burst of productivity when formed about
25,000 years ago, then a long phase of low produc-
tivity up to Roman time, when the construction of a
road, the Via Cassia, in 171 B.C. completely -
changgd the input of nutrients and other substances
from its small watershed (Hutchinson, et al. 1970).
The lake responded by dramatic increases in pro-
ductivity and sedimentation rates which did not
peak until almost 1,000 years after the djsturbance
(Figure 6). Since then, productivity, as inferred
from the accumulation rates of such substances as
organic matter, nitrogen, et cetera, has subsided to
a level not much greater than that existing before
the disturbance. The lag in response and the long
duration of the response are probably related to the
fact that Monterosi is.a closed basin with no perma-
nent streams draining its very small watershed and-
with output only via seepage. -

Grosser Ploner See is a lake in northern Germany
famous for the many studies in limnology conducted
there by August Thienemann and his associates. In
1256 A. constructed: at the outlet_raised
the water level about 2 meters, overflooding much
ﬂatlans‘ in the process and greatly increasing the
extent e littoral zone. The response of the lake
was spectacular (Ohle, 1972). The sedimentation

* rate, which had increased slowly from about 0.1

4
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mm per year at th ginning of postglaclal Jimeé to
only about 0.5 mm per-year 9,000 years later; sud-

ta

denly Jumped 20-fold to more than 10 mm per year. .

This has résulted in half the 15 meters of sediment
ih the lake deriving from only the ‘Jast 700 years of

the lake’s existence. The big increases at this time .

in the accumulation rates- of such substances as
zinc, copper, cobakt; and aluminum reflect the in-
creased input of mineral substances to deep water
from the overflooded land and pFobably from the
watershed also. Correspondingly big increases in
the accumulation rates of organic mattef, chloro-

F.

.

phyll derivatives, and diatom silica reflect the big:;

increase in_production within the systeni resulting
trom this changed regime (Figure 7). . .* -

The lake level had been raised to power a-mill
dam, as Was\common in northern- Germany at this
time, and also to facilitate the production of eels,

'but the concomitant flooding of valuable ggricul-

tural lands resulted ina long-contmumg strife bq-
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tween the mill operators and fishermen on the one
hand and the manor owners and farmers on the
other. Finally, in 1882 the lake level was lowered by
1.14 m. Up to this time the accumulation rates of
most mineral substances had been declining irregu-
larly,.and likewise the indicators of biological activ-
ity. The sudden lowering in lake level resulted in
\3}9 erosion and'deposition offshore of sediments
at had accumulated in shallow wate#, yielding a
discrete horizon of coﬁrse-g'rained sediments and
associated sharp peaks of various mineral constitu-
ents. Accumulation rates of chlorophyll derivatives
and diatom silica declined at this time, perhaps
through light limitation of production by increased
inorganic turbidity. The large increase in chloro-
phyll derivatives in very recent time, reflecting
high productivity, is attributed to the heavy use of
agricultural fertilizers and phosphate detergents
d to the draining of the surrounding wetlands.
én ch an insyease of organic matter and other indi-
cators of production toward the surface is common-
place among lakes being stressed by man, fre-
quently resulting in a completely different type of
sediment than anythmg deposited eaylier.
Grosser Ploner See is but one of ainunflber of in-
stances where the productivity of a lake has been
tharkedly increased by, raising its water level. The
:_present high productivity of Grosser Ploner See is
“'ghared by mahy lakes of the region, all accom-

-
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plished within the past few-decades in direct re-’
sponse to man'’s increasing impact on the systems. _

Ohle (1973) has used the term. “rasante Eutro-
phierung” (racing eutrophication) for this rapid re-
sponse of lakes to cultural influences, in contrast to

- the generally slaw; balanced development occur-

ring naturally.

The most abundant animal remains in lake sedxﬁ) ’

ments aré the exoskeletal fragments of the Clado-
cera, particularly the family Chydoridae (Frey,
1964). They are abundant enough for the construc- *

tion of close-interval stratigraphies similar to those )

of pollen and diatoms and for the calculation of vari-
ous diversity indices and distribution functions.

Since the deepwater sediments represent an inte-
g-ratlon over time and habitat, the populatlon of re-
mains recovered from the sediments is partly artifi-
cial, in that all the species represented probably did
not co-occur 4t the same time and place. Yet the di-

versity indices of the chydorids do show certain.

demonstrable relationships t6 such variables as
productivity and transparency and, as shown in
Figure 8, the relative abundance of the various spe-
cies in an unstressed situation conforms almost pre-
cisely to the MacArthur broken stick model for con-
tiguous but non-overlapping . niches (Goulden,
1969a). Hence; the species distribution predicted by
this‘model can be used to assess the extent of imbal-
ance in the system.
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FIGURE 8

In a series of 21 lakes in Denmark for which
measurements of annual phytoplankton photosyn-
thesis -by radiocarbon uptake are available
(Whiteside, 1969), there is a direct relationship be-
tween species diversity and transparency and an in-
| . direct relationship between species diversity and
.- " productivity. There is also an inverse relationship

between transparency and productivity. The inter-

pretation of these relationships is that as lakes be-
come more productive, they become less transpar-
ent from the development of larger phytoplankton
populations, and with higher productivity the chy-
. dorid commupity is thrown out of balance, quite
possibly from  a reduction of habitat diversity
through the curtailment of species diversity and
areal extent of the aquatic plants which form the
major habitat of the chydorids. And since the chy-
dorids are but one component of a complex:.commu-
nity, one can assume that the community as a whole
has been stressed by an increase in productivity.

In another study in Denmark, Whiteside (1970)
attempted to establish the predictive value of
chydorid communities for lake type, and then
attempted to use these results in interpreting
changes in lake type in postglacial time in response
to climate and vegetational patterns of the water-
sheds. A hard water,
was sufficiently buffered internally that it went
placidly about its business during postglacial time

. almost regardless of external stresses that would
be expected to have repercussions on the system,
whereas a soft water, oligotrophic lake (Grane

Langsd) reacted nervously to even small external

stresses. Thus, the response to a given stress can

be expected to vary greatly from lake 40 lake de-

[outaand
Y,

eutrophic lake (Esrom Sd)_

o137
pending on its particular suite of ecological condi-
tions and balances. oo )

The MacArthur predictive model has been used
to assess community stresses resulting from the
rapid climatic change of the last interstadial
(Goulden, 1969a), from episodes of Mayan agricul-
ture in Central America (Goulden, 1966), and from
voleanic ash falls in a lake in Japan (Tsukada, 1967).
The last study (Figure 9) is interesting in showing
that a single instantaneous but massive perturba-
tion, as from an ashfall, can have marked and long-
lasting effects on the community structure of a
lake. o ’

There are quite a few other studies on the re-
sponses of lakes to stresses that might be cited, but
Ishould like to give just one more. The paleolimnol-

ogy of North Pond in northwestern Massachusetts , .

is being studied intensively by Tom Crisman, a
graduate student at Indiana University. Many ma-
jor changes, almost as precipitous as those in Gros-
ser Ploner See, occurred in the lake shortly after
the pine forest represented by pollen zone B was ren~
placed by deciduous hardwoods: Productivity i the
lake, as evidenced by the quantity of chlorophyll
derivatives .in the sediments, increased dramatic-
ally at that time, along with nitrogen and phos-
phorus. A species of planktonic Cladocera, Bosmina
coregoni, which is usually considered characteristic
of more oligotrophic situations, was replaced al-
most instantaneously by Bosmina longirostris,
characteristic of more eutrophic situations (Figure
10). Since there is no clear evidence for any major
fluctuation in water level and since it is unlikely the
Amerindians could have modified the watershed to
any appreciable extent, the only correlate and pos-
sible cause is the shift in forest composition. But
this is difficult to reconcile with the data, because
watérshed studies to date have demonstrated that
deciduous forests are more parsimonious than co-

niferous forests in releasing nutrients from the .

system. )

Let me attempt to summarize sonfe of the major
points developed. Lakes change biologically during
their existence from changing inputs of nutrients
and energy and from changing internal control-
mechanisms, associated in part with stratification
and depletion of oxygen content in deep water. The,
biological changes in many instances
gradual, although in others they have been sudden,
associated with natural catastrophes, major
changes in water level, or even changesin t.hg dom-
inant vegetation typein the watershed.

Lakeg vary in their sensitivity to external stress
and in their rapidity and magnitude of response.
Man’s chief impact is to stress the systems so se-
verely that they are thrown out of balance and the -
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rate of change is accelerated—what Olrle calls
- “rasante Eutrophierung.” Both' for-matural and
man-induced stresses, the response of the total sys-

tem may be fast or slow, and likewise theé rate of re-

Se—

covery. The lag may be considerably greater than ]

Ephippiu

predicted from the watet® replac

ples from the past have been correctly
interpreted. Hopetully, the response time, particu-
larly of recovery, will be fairly short, but faced with
the unpredictability of the response time, we
should be much more solicitous about the stresses
placed on our lakes, as even with massive engineer- _
ing input they may not recover as rapidly as hoped. *
Eutrophication occurs naturally, but so does the
contrary process of oligotpbphication. That is, a
lake can become less productive with time, if its nu-
trient budget is decreased. Paleolimnology has not
yet been able to resolve what the major controls of
productivity have been in the past for any particu-, «

lar lake, except by infrence from our knowledge of

,
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present controls.’But since. phosphorus, more than
any other single substance, is the domjnant control
of productivity in tempetate lakes, it is essential to
keep phosphorus inputs at a minimum if we are to

have any hope at al

our lakes.,
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DISCUSSION ;

Comment: Your definition of the iftegrity of wa-
ter seems to be the capability of maintaining and

exist in its natural state. In your discussion you de-
scribed varying natural states and change of proc-
N - » -
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supporting a composition of organisms that can-
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" 100 years old. I know,
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ess. How does that translate to a useful definition .
today? - 4 - ’

Dr.:Frey: We had an example a couple of weeks
ago when two young Ph.D.’s who were modeling
ecosystems gave seminars at Indiana Uriversity.
They had linear models which didn’t allow for any
change over time. However, in any particular lake
there will be changes over time, induced by
changes in climate and vegetation, soil develop-’
ment, and so forth. The+response of the aquatic
community to these changes will probably be adap-
tive adjustments in-species composition and in the
relative abundance of species, controlled in part by
the mobility of the species. I think a definition of in-
tegrity has to include the concept of 2 balanced, in-
tegrated, adaptive community.

Comment: Did you go into these? *~

Dr. Frey: No, they are objectives.

Comment: Have you made any comparisons with
other organisms over an historical period? Would —
you be able to use changes in the plankton po"?'ula- T -
tion to detect changes in t er, as you pojted
out is possible with fish’poputations? Would the
changes be subtle or quite apparent?

Dr. Frey: I didn't go into any of the long term’
studies, because even the best-of these are less than
for example, that there are .
records for the Chicago water supply which docu-
ment the kinds and quantities of plankton in south-
ern Lake Michigan over many decades. Probably
the longest and most nearly continuous record of all
is that for Lake Ziirich in Switzerland, Here the -
deepwater sediments have been accumulating as
discrete annual }ayers since thelate 1800’s. As the
lake became more eutrophic under man’s influence,
various species of algae invaded the lake and devel-
oped to bloom proportions. These are documented
by studies of .thesplanKton. Significantly, the
blooms of the various species, particularly the dia-
toms, are also recorded in the appropriate annual
layers, so that Lake Ziirich constitutes to some ex-
tent a calibration system for the interpretation of
real events and changes in a lake from what is re-
coverable from the sediments.

Most of these long term data series have beenre- .
ported elsewhere at various times. I didn’t attempt
to summarize them, but instead concentrated on
the kinds of interprg'tations that can be n_ladéﬂfi'om
the sedimentary record. o ) ’

Commerit: I'd like to ask you a philosophical ques-
tion stemming from your definition of integrity. In
your “opinion, are efforts to reverse a naturally oc-
curring trend toward eutrophication counter to the
integrity of that lake?

Dr. Frey: I had to leave out a number of pages of
my prepared text because of time limitations (but
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these are included in the published paper). For the
chydorid cladocerans; which are well represented
in lake sediments, the species diversity of the com-
, munity declines as the productivity of the lake in-
creases; indicating that the system is being
stressed. This should not be interpreted to mean
that all productive lakes are out of balance because
the rate of change is probably the important consid-
eration. Where the increased productivity is the re-
sult of man or of some essentially instantaneous
event such as a volcanic ash fall, the rate of change

I3

in nuttient budgets or other environmental condi-
tions is so great that the community cannot keep
pace with orderly and adaptive adjustments. But
where the forcing variables change slowly over
time the aquatic biota is able to maintain an internal
balance. Hence, I am in favor of either reversing
the trend toward increasingproductivity in our nat-
ural waters, except wherg;this is specifically de-
sired, or at {east sufficiently reducing the rate at

which eutrophication is occurring so that the Sys-—_

tem is not stressed unduly.

-
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&

Sic utere tuo ut alienum non laedas. Use your
own property insuch a way that you do not damage
another’s. .

A simple precept, well established in English
law, cited by William Blackstone as the basis of the
law of nuisance and, I would venture, embraced by
most of you and other thoughtful, reasonable men
around the world. The principle has many applica-
tions. It was advanced'recently by Charles Cheney
Humpstone in an article in the January 1972 issue
of Foreign Affairs in which he argued for an inter-
national no-release policy on pollution as the only
policy that will work. The precept has its roots, of
course, in the biblical morality of doing unto others
as one would have them do unto him. Such a code
has appealed to reasonable men for more than 2,000
years and has become incorporated into mores,
manners, and our laws and interpretations of
equity before the courts. As the density of people
increases and the potential for intrusions on the, in-
terests of others soars, the need for strengthening
the morality grows as well—or we degenerate into
barbarism—and environment slides rapidly toward
a chaos of progressive toxification and impoverish-
ment.

But where lies reason today? The arguments run
that reason in the management of environment lies
in compromise—between the venal interests of.
would-be polluters and the so-called “unreasonable”
idealism of that class of citizens commonly identi-
fied as “environmentalists.” And so we find the Ad-
ministration acquiescing in pressures to delay or
annul provisions of the Clean Air Act and we watch
continued pressures to weaken the Water Pollution
Control Act Amendments of 1972, pressures to dis-
sect and thereby confuse the simple objectives of
the Act: to restore and maintain the chemical,
physical; and biological integrity of the Nation’s wa-
ters. The arguments run that the objective is
“ynrealistic” and “unreasonable.” We cannot; they
say, live on earth without violation of the objective.
That, perhaps, is true if we take a'slavishly narrow
and prejudicial interpretation of the phrase; but
neither can we live in progressive comfort and
‘wealth if we allow accumulating worldwide intru-

sions on the physical, chemical, and biological integ-
rity of the earth. * )

And so we are asked now to dissect and define a
phrase that should not be dissected. Qur interest is
in the preservation of the biota including manThe
biota is dependent on the physics and chemistr of
environment and affects both. In this case all is one
and one s all. A dissection is inappropriate.

There is, unfortunately, no universal agreement
that the preservation of the biota is in the interests
of man. The oil companies can and will buy the fish-
eries in a time of growing hunger and assert that
the world is improved. And if biotic resources are
important, they say, which ones? I cannot repair in
5 minutes the accumulated effects of a half century
of educational perversion in science. I can but as-
sert that the essential qualities of air, water, and
land that make the earth habitable for man are .
maintained by natural ecosystems in a late stage of
evolutionary and successional development. We are
riow watghing Tegional and worldwide changes in
these systems, caused by man, that threaten all.
The 1972 Amendments are an acknowledgement of

addition to food .and fiber. The question comes back
now: how can we best interpret and strengthen this
important law? What new in science can we bring to
bear on EPA's job of supporting thelaw? - * -

The answer is that science can help powerfully, if
it will. It will not help powerfully if it acquiesces in
the popular belief that compromise among compet-
ing exploiters is a sufficient basis for management
of the Nation’s waters; that all waters have an as-
similative capacity for all wastes and management

.is a simple matter of dividing this assimilative ca-

pacity among the users. It will help if it starts with

- basic principles of science and builds enduring man-

agement plans on them. The two most basic princi-
ples are evolution and succession. I shall emphasize
the latter. | A !

The generalized effect of human activities is to—
shift both terrestrial and aquatic systems from suc-
cessionally mature stages to less mature, succes- .

, sional, or “managed” stages. We ask what happens
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that fact and a step toward recognition in lawihat .*:
the biota provides a series of essential services in
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to water when such shifts occur. We recognize that
the qualities of lakes and streams are closely cou-
pled to the qualities of their drainage basins and
that the “integrity” of a river’s functi ns reaches
far beyond the water to the land it drains. How
does this water change as the land changes? There
is no simple answer; we can; however, examine the
concentrations of major nutrient ions in waters
draining ecosystems that have been disturbed, such
as has been done at Hubbard Brook and elsewhere.
Even better we can examine the flux of nutrients

, along a sere, one unit succession from agriculture to
forest within the Eastern Deciduous Forest. The

sere I shall use as .an example is that leading to
oak-pine forest in central Long Island. In this in-
stance, Dr. Ballard and I have measured the quan-

. tity of nutrient ions entering the ground water

under the various communities of-the sere. This
ground water flows. On Long Island it flows about 6
inches per day and goes’ultimately into ponds,
streams, and estuaries along the shore. It is, in
addition, a major source of potable water. It is kept
flowing by an annual percolation of about 55 e¢m.
How do these plant communities change the quali-
ties of the precipitation as it passes through them to,
become part of the ground and surface water
system?

The flux of anions and cations through thefe sys-

tems is shown in Figure,1. Two trends are conspicu- *

ous: first, for most of the ecosystems the effect is to
increase the flux of most ions over that in precipita-
tion, despite the high ionic content of New York
rain. The ecosystems are net sources.of most ions.*
Second, the fluxes out of these systems are sub-
stantially higher in the younger, least mature suc-
cessional systems; they are least in the later, forest
stages. The difference is especially conspicuous for
the nitrate ion where the difference between agri-
culture and oak-pine forest was more than 1,000
fold, but it applies to virtually all ions except PO,, °
which moves]little under such circumstances. :
The sources of the additional ions include ferti-
lizers applied in agriculture and the erosion of pri-
mary minerals. The accumulation of nutrients in
the net ecosystem production of the rapidly devel-
oping successional systems is not sufficient to ab-

sorb the nutrients available—and they are lost, to °
contribute to the eutrophication of water bodies. “

If we ask what the ionic flux into the ground
water and therefore into streams was prior to the
shift into agricultural and successional ecosystems,
we find it under the present forest ecosystems. The
quality of the water under these communities gives
us the best approximation of the nutrient ion con-
tent of “normal” water entering lakes and streams
in this region. This is theYuality of water required -

§
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to - support the mature, evolutionarily-derived
aquatic ecosystems of the area. These are the long-
est lived, least fluctuating, most predictable. While
they may not be the most productive of organic
matter, they offer a wide range of resources to
man, not tife least of which is water of high and pre-
* dictable quality.

Economists and other practical men bridle at the
- suggestion that management of environment

3 .
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should favor evolutionary and successional matur-
ity. What about cities, agriculture, clear-cut for-
ests, and human wastes—not to speak of toxf%s
such as DDT? ’

The answer is simple ‘enough; this is the cost of
intensive use of environment. We have already
moved far toward recognizing the need; we have
acknowledged that certain toxins such as DDT,
aldrin and dieldrin are intrinsically uncontrollable
and -cannot be used. In effect we have said"that
there are aspects of technology that we must forego
to live safely together. It is a small further step to
accept that industrial wastes are not appropriately
made a*public responsibility for disposal; they are a
part of the cost of industry apd to be contained
within it.

Similarly, we are faced with the challenge, still
poorly recognized, of building closed urban and
agricultural systems that mimic in their exchanges
with the rest of environment the mature natural
systems they displaced. Here is the current chal-
lenge for science and government—not to aid in the
diffusion of human influences around an already too
small world, but to speed the evolution of closed,
_ man-dominated systems that offer the potential for

along, stable, and rewarding life for man.

Unreasonable? Hopelessly idealistic? Perhaps,
but only if we reject at this late stage the age-old,
time tested precept of other reasonable men: Sic

utere tuo ut alienum non laedas. ..

LY
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DISCUSSION.

Comment: I wonder, Mr. Woodwell, if you could
comment on some ideas on closed urban and agri-
cultural systems? I wonder if you have any further
ideas on it? .

Dr. Woodwell: Do you mean how do we close
them? A
Comment: Yes, and what the elements might
look like. ’

Dr. Woodwell: Well, we start with sewage _

systems. At the moment, many cities are building

sewage outfall pipes that will dump sewage, fresh

water, and other wastes into the coastal oceans.
That procedure seems to me to be totally incon-

:\Eistent‘ with the generalized objective stated by the

-
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law we're here to discuss. There is a very sericés,.

and important challenge to science and government
to figure out how to recover the fresh water in sew-
age and use it again; to recover the nutrients and
other wastes; to avoid the inevi'table pollution of
the coastal waters if those wastes are dumped
there; and, to improve the patterns of use of fresh
water .and nutrients. Another enormous challenge
is to figure out how to avoid dumping toxins such as
oxides of sulphur and nitrogen into the atmosphere
to acidify rains hundreds of miles from the source.

There always are the costs of increasing popula-
tion and increasing intensity of land use. The al-
ternative to progressive degradation of the envir-
onment is to close up our systems. If we are willing
to reduce the earth’s population to the point where
we can live with the open systems that we’ve had,
we can rely on dilution and the well-established
concept of assimilative capacity to restore the sta-
bility of the resources that we’re using.

Comment: Would you describe the Brookhaven
experiment in closing that loop, both fram the kinds
of problems you encountered and convincing people
it would be a'good idea, plus some of the technical
problems that you ran into regarding the use of the

»land?

Dr. Woodwell: I suppose that one has todo as one
says. Over the past several years, we’ve built at
Brookhaven a series of experiments designed to.ex-
plore’ the possibility of closing that sewage loop
with the hope that we will make it unnecessary to
have offshore disposal of Long Island’s waste.

The approach that we used was to start “with
what we thought we knew. We thought we were
experts in water and nutrient cycling in terrestrial
and aquatic systems. So we approached the ques-
tion as to whether we could build a combination of
natural and manmade ecosystems for recovering
water and nutrients in sewage from the Brook-,
haven Laboratory sewage treatment plant.

Unfortunately, Brookhaven National Laboratory —

is a scientific community and it doesn’t have very
dirty sewage, so we 'had to get dirtier sewage
trucked in. We made special blends of sewage, one
the equivalent of the effluent from a primary treat-
ment plant the other the equivalent of the effluent
from a secondary plant.

The plant communities used were the sere from *

agriéﬁl&ure through to a late-successional forest.
We've also used a series of marshes and ponds and
meadows to examine the potential of these systems
as well, for recovering water and sewage. A
To put the story in a nutshell, it is still incom-
plete, of course, but we now are beginning to re-
member things. We kpow that from the stangpoint
of versatility, certainly agriculture-is the best way
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to absorb nutrients and manage the ground water
in terrestrial communities, but ofher natural com-

.munities have a certain definable potential.

The most promising communities are the aquatic
ones, the meadows, and ‘the marsh and pond com-
plex. It looks as though we can use a combination of
marsh and pond. We built a marsh, most success-

fully; we built a pond lined with plastic to separate

it from the ground water, and the edges of this
pond are large };lastic pans that support manmade
marshes,

It looks as though sewage tri¢kled into these
marshes, then into the pond and recirculated. It is
really cleaned up very rapidly. This is quite a prom-
ising techinique. > )

The point I make is not that there is a single an-
swer to the set of questions I have set forth, but
that there are several answers. The answers are

likely to be comflicated. These that I have outlined _

here seem to offer one set of possibilities that, by
and large, aren’t being explored in detail or with
great intensity.

We have had no support, for instance, from EPA
for this bit of research, although it’s a fairly large
project, amounting to several hundred thousand

- dollars a year. It has been financed, interestingly

enough, by the old Atomic Energy Commission and
by the local government; the town of Brookhaven,
Long Island, which has a quité remarkably progres-
sive Republican administration, and has had the
foresight to invest very heavily in this kind of re-
search and is learning a great deal from it. I believe
they feel rewarded. :

I believe that there is in this sort of approach to
the sewage problem and to the problem of closing

" the loop, a need for very great efforts in environ-

Jmental science, which really changes the direction,
the entire objstive in the management of the en-
vironment. 3

That is what this law. that we're discussing asks
us fo do. It makes the assumption that we can live
on earth only if we preserve the essential integrity
of the physical and chemical and biological functions
of the environment. That if we continue to allow
human influences to diffuse further and further™
around the world, and with greater intensity, we
will destroy those essential functions, and make the -
world less habitable for man.

So I see here a challenge that just plain isn’t

, being mgfs by and large, by current research. Cur-

rent resaireh on energy in big national laboratories
such as the one I work at, are focusing on what have
been the objectives of science for the past decade,
to relieve the expansion of present patterns of in-
dustrial and economic activity —further diffusion of
human influences rather than the consolidation of

s
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those influences into fairly tightly built systems,
Comment: In your artificial system, I should say
your natural system for removing these nutrients,
picking them up in another marsh plant is not clos-
ing the Joop, is it? Do you have a plan for getting

* those bull rushes back into cows?

Dr. Woodwell; Ideally, of course, one would put

.them back into agriculture and recirculate them

through ciyilization, but that’s hard to do with sew-
age because we have certain problems with para;
sites and toxins of various types. N

What one can do, however, is fo concertrate
those nutrients in a place where: they can be har-
vested and reused. They can bé-used ultimately as
fertilizer in agriculture; humus can be moved to
agriculture; if there are heavy metals, as there may
be in some types of sewage these days, the heavy
metals tend to be deposited in the marsh sedi-
ments. Then after a time, those sediments can be
harvested and treated in whatever way one wants.
That seems to me to be a lot better approach than
we're using at the moment, allowing them to be dis-
persed into coastal oceans. :

Chairman Guarraia: Isn't it a fact that this ap-
proach has been taken at Woods Hole with some of
Dr. John Ryther’s work with agricultural utiliza-
tion of sewage?

Dr. Woodwell: Yes indeed. He has a very elabo-
rate, large project in which they're exploring the
possibilities of using marine organisms, plants, fil-
ter feeders, and marine animals, to scrub the nutri-
ents out of sewage. e

It has the dis\advantage, of course, -of still result-
ing in the loss of the fresh water; the fresh water is
mixed with saltwater, and then lost. It has the ad-
vantage that the water that's released is low in nu-
trients. They can do all this with a very high degree
of efficiency. .

Perhaps Dr. Ketchum would like to comment on
that.

Dr. Ketchum: I think you've stated it properly
and adequately. I thigk it's worth mentioning the
Penn State studies in which they have fertilized
agricultural crops. It's not uncommon in the West
in irrigation processes.

Dr. Woodwell: Yes. I haven’t mentioned a thou-
sand other projects that have been carried out over
the past dgct;%es—some of them have gone back
even centuries—in which sewage has been used in
parallel approaches.

I think that we have the advantage at the mo-
ment of having learned a lot about the structure of
ecosystems and the circulation of nutrients. It's
useful to put this theory and detailed knowledge
into practice.

Comment: The thing that we're hearing now with
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regard to returning the sewage to its natyral sys-

* tem is the possibility of not only retirning it to its
. natuial system, but cont

inating Your source of
ground water, which is underneatlj that natural
system and never was exposed to these pollutants
in the first place. Especially, some of the concern
raised about the problem of chemicalsiin the surface
water. People are inclined to turn mote and more to
the ground water for their drinking sdurce.

_ Is there any way, at least in
that you can get the waste back 0rrthé land without
getting the ground water contaminated as well?

Dr. Woodwell: I think so. I think tzfne most com-
mon problem, at least in my experience in Long
Island, is with nitrogen-nitrate, in particular.

There are various ways of removing nitrogen.
The meadows that we're working with are very,
very efficient at removing nitrogen, femoving well
over 95 percent of it; so do the ponds ahd marshes.

So if first treatment involves trickling through a
meadow or passage through a marsh and pond, we
wind up with very low concentratjons of total

nitrogen. . )
The heavy mglals that\mnner\nnr:é:ny of you, I
_ suspect, tend t6 be sedimented in The marsh and in

the meadow,
transported. - :

Comment: Hive you been able to trace any of the
more exotic viruyes that have shown up‘_:? For exam-

pla, in the EDS studies? . g
Dr. Woodwell: No. That’s one of the- filures of
my program-’ at.the moment. It j xasn’t been
doéne. G
Comment: It’s not that it can’t be done; it just
hasn’t been done yet. o

Dr. O’Connor: I'm sure that most of us with rea-
sonable intellect subscribe and agree with the prin-
ciples y&"ve enunciated. I guess our problems
arise, not so much in acceptance of those basic
moral issues, as in answering specific problems
while we have such short time here for ourselves
and our future. ) i

In this 'sense, I guess I have to disagree: with

some of the things you said, or maybe add to them.
Let me first try to add something and them,dis-
agree, - .
T would add one other aspect to your fine talk; it
is incorporating flexibility into our environmental
planning. Let’s not lock ourselves in too strongly,
as with returning things to the Great Lakes. If we
mess it up, we're going to mess it up for years.

It’s precisely on that basis, getting more directly
to our home area, that I disagree so strongly with
some of the components that I think you and others
have agreed upon; returning the treated effluent of
Long Island to the ground water is exactly the last

terporary se'nse,i_

well. So they are localized and not
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point you raised.

Wheréas, if we do return to the ocean for a short .

time, we have two potential advantages. One is the
flexibility—we’re not locking ourselves .into poten-
tially destroying a water resource. Secondly, the
return of nutrients to land, as you implied, can be
equally beneficial to sea. It's an extension of what
you said. Therefore, I think one would be a little

* hard pressed to argue strongly for returning it to

ground water. }

Dr. Woodwell: By the time we have built a,
roughly, billion dollar sewage collection ssystem
treatment plant and a sewage outfall pipe that costs
about $60 million, one hardly thinks of this as an
easily reversible, flexible sewage management
system. ’ ”“

The investment of $60 million for a sewage outfall
pipe is sufficient capital investment that I just don’t
think that we’re going to change that plan in a
hurry. )

Going beyond that to pursue the flexibility as-

" pect, it is true that we can increase the primary

productivity of limited areas in the ocean by adding
nitrogen compounds and phosphorus to thém. And,
it’s also true that the coastal oceans have a certain
assimilative capacity for organic matter and other
human wastes. ° .

But it isn’t-true that they have an assimilative
capacity for all foxins. Most people these days
agree that we don’t have room in the oceans for per-
sistent chlorinated hydrocarbons such as DDT and
PCBs. It's very hard to keep those out of the sew-
-age of New York, for instance.

So, while we might establish the idea of an assim-
flative capacity for certain substances in sewage,
that assimilative capacity doesn’t apply, generally,

- to what comes with that sewage. Is that true?

Dr. O’Connor: Quite true. As I suggested this
morning; I'm not referring to the principle of assim-
ilative capacity, but the one that you enunciated
yourself, that is the residual materials in the
treated effluent -are good for the land and its nat-
.ural recycling system. I'm’ simply submitting that
they could be equally good for the water in a nat-
ural recycling system.

So, the option is open both ways. l’would add one
other point. Just as hydrocarbons are bad for the
ocean, I would say, considering the groundwater
resource and the use we make of it in I\.Qng Island,

it is doubly bad for the return there. ~
Finally, just a little rub. I'm glad to see you are
conscious of fgrees.

Dr. Woodwell: Very good. I think that the possi-
bilities of handling sewage on land are very great.
It’s hardly inflexible. We have physical-chemical
systems for sewage treatment; we can take out
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chlorinated hydrocarbons and not put them into the -

ground water. In fact, it's very hard to get them
into the ground water because they tend to be ab-
sorbed in places on the surface of the ground.

One of the best, the classic approach to physical-
chemical treatment is, of course, with charcoal fil-
ters of various types. The humus layer of forest, or
the organic sediments of the marsh or a meadow,
come very close to being precisely that. They pick
up virtually everything.

_ So, I think of the terrestrial and aqudtic, as op-
posed to marine approaches, as being extremely
. versatile, and not fantastically expensive.

Dr. Patrick: 1 just wanted to clarify one point
which you raise.  That is, in order to keep sewage
from getting into the ground water, the Campbe}l
Soup Company did a remarkable piece of work in
which they put tiled drains under their spray irriga-
tion areas, and these tiles collect the excess that
runs down and is not picked up; and that is re-
sprayed or put mto a pond and it is then acted on

by algae.

Dr. Wood\\ell Very good -Ruth, thank you. I .

think I can guarantee that I'can produce a system
for absorbing nutrients and toxins on the surface of

the ground that will not result in contamination of '

the ground waters. ‘

of researchto do. -

Cofpmenit: The concept of land dlsposal of sewage

is not particularly new to this world. I mentioned
yesterday the CSEOLM Study of the Chicago Dis-
trict of the Corps of Engineers done about a year
ago. CSEOLM was an acronym for Chicago South
End of.Lake Michigan.
. What they were looking at was the sewage and
flood water in the entire metropolitan Chicago area.
One of the proposals made in this study was land
disposal of all of the wastewaters from the metro-
politan Chicago area—something very much along
the lines that you discussed. e

One of the things from which the propos o
fered was that the land that would be requlred or
this wasn’t measured in acres, it was measured in
counties. It would have required, I can’t tell you off
the top of my head, how many millions of acres, but
asIrecall, it was measured in millions. |

Do you think it is a wise way of utilizing our land
resourfes toput enormous land areas under this
kind oflwhat might be called stress?

' Dr. Woodw éll: To answer that, I supposé we
ought fo take a quick look at what we do now. What
we d now, of course, is to pagially treat this
wast¢. If we're in New York City, we then release it
into some water body that connects to’ the New
York Bight, losing the fresh waten for any new, im-

THE INTEGRITY OF WATER .

mediate use; losing a good fraction of the nitrogen
and phosphorus, the nutrients; and, without ques-
tion, polluting the coastal waters.

In addition to that, there are certain hazards con-
nected with dumpmg this partially treated waste
into coastal waters® Coastal waters are indeed de-

. graded by this process over large areas, so.there is
a cost which we don’t calculate at the moment or
enter intcthe calculatlon of what it takes to-run a
clty - . '

- In addition t{) that, we geperate large quantities
of sludge which are, in New York City, hauled out

. in special barges into ,the New York Bight and
dumped And you EPA people know that this is an
increasing problem. '

That’s iwhat we do right now. Now the alterna-
tive to this, at least what I'm saying is an alterna-
tive, is to do research on how we recover the water
and nutrients, keeping them on land and restormg

~Afrewwvater to a usable condition. .

If it takes a large land area, that, unfortunately,
is the cost of intensive use of the environmeni\l see
that as the only way in which we can intensify the
use of environments otherwise degraded. We lose
the coastal fisheries, and almost no one is saying
these days that we ought to do that.

Comment: Given that there is a large land re-

> I see heads shaking. I can see that we have alot . quirement probably involved with your marshes

~ and meadows, how does this system stack up in

terms of their normal ecodystem productivity? In
other words, can birds and animals that would char-
acteristically be found in marshes and meadows,
survive in these artificial waste treatment sys,g'ems
and would they survive? Do you have any experi-
ence on that yet?

Dr. Woodwell: It's a little premature, I suppose.
The marshes that we have built are attractive to
ducks and geese and great blue herons; certainly
the ponds support fish. I don’t sde any reason why
these experimentally enriched systems can’t be a
part.of the matrix of natural systems that are the
general environment.

Dr. O’Connor: There was one other point that
youraised that I would like to address.

I understood your prerdgative to speak and put
in a black and white fashion the conflict between

' the environmentalist-and the industrialist. ‘Cer-

tainly one can subscribe to the principle of your
point. I think it's unrealistic, as I tried to say this
morning, given the fact that we live in a technol-
ogical, industrial society. '
To address the issue, in my mind it’s simplistic,
" that you're going to change the structure of society.
Now, I fully agree with much of that, and our stand-
ard of living. But it seenis to me that the issues are
not so much between the environmentalist and the
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industrialist as with all the other basic needs soci-
ety has. There's a conflict of those monies to
alleviate poverty; there’s a whole priority of social

needs that have to be put into perspective with the

environmental. And I think that is a more critical
issue. )

Dr. Woodwell: You put your finger on the very
core of what concerns ecologists, scientists of the
environment, at the moment. It’s a very large
topic, one that isn’t easily examined in detail in a
moment. Co .

The question comes back as to what are the fund-
amental resources in support of man? What does it

take to keep us on earth? We in the Western world -

tend to think that it takes a healthy economy, fed
by lots of fossil fuel energy, and that nuclear energy
is going to displace this, and that the technology
that’s built on this free flow of fairly inexpensive
energy is going to solve all the problems of man.
That is simply not so in the eyes of biologists who
study environment. .

;e

We have heard in great detail about the changes”™

soon as we chanrelize the river, the normal fune-
tions of the river that were performed by biotie sys-
tems are taken over by man, at considerable cost.
As a result of the channelization, the depth of floods
increases. Sediment loads increase and a whole new
arraé' of problems appears that_requires another
tax 6n the general public to resolve.

That isn't different from other aspects of the
environment where we gradually take over man-
~ agement from biotic systems._And we aren’t very
good at that kind of management. If we were good
at it there wouldn’t be a problem in channelization,
there wouldn’t be a problem in management of the
coastal oceans or in management of lakes.

Dr. O’Connor: I agree we are no good on it. We
have very little experience or background, so we
will accept the principle of flexibility then.

Dr. Woodwell: I'm not sure what I'm accepting.
So we come back to what our basic resources are.
Our basic resources worldwide are not energy or

that occur in the %vers with channelization; that as

..the. economy or anything else. The basic resources -

are bioticeesources. These are the resources that
are used by all of the people on. earth, all of the
time. ,
MucH more energy flows to the support of ma
througH biofic resources then flows through indus-
trial sydtems. Much more energy, by a factor of 20
or so, 4t least, worldwide. It's only here in the
United States, and for probably a fairly short time,
that we live with the enormous wealth that cheap
industrial energy has given us.

/
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Although this gives us the opportunity to use
other resources, as populations increase -and de-
mand on environment grows, we have to use our re-

ources in totally different ways in order to avoid
degrading the much more fundamental biotic re-
sources that are essential to all of us.

That’s the point the ecologists and scientists have
to make, and that should be the point of research. A
lot of research, right now while we 2an do it, on how
to close up these systems and live for a long time
with a finite set of biotic resources., -

Perhaps an infinite technology, but it hasn't
changed the basic.rules of the game. The basic rule
of the game is that everybody eats plants. -

Comment: I guess it’s not a question, but a com-
ment that I'd like you to say you agree with. I have
a couple of ¢ observationg on the story of wastewater
disposal in Illinois. I think the program was vic
timized by a poor job of public relations there,
which is typified by the description of the project as
the disposal of wastewater. It's not disposal and it's
not wastewater. They might have oalled it the re-
cycging of essential nutrients, and told the counties
involved that they had chosen the lucky number
and had been chosen to receive a great deal of free
irrigation water and fertilizer as a gift from the city
of Chicago.

My point is that a gréat deal of the time a lot of +
the stigma involved is dependent upon what you ,
call the thing-. . )

- Secondly, Idon’t think that the utilization of land

resources for the receipt of these materials pre-
cludes its use for all the other things that are al-
ready there. In fact, I think it enhances it. So, it
isn’t like two or three counties have to move some-
where else. In fact, their agricultural space might
be increased. I think that’s the point of your talk.

The third_point is to the gentleman over here. I,

recall some work we did on a marsh'in North Caro- ™™

lina, which by accident w45 unlucky enough to get
at the end of the pipe. It was not any sort of a treat-
ment system, but it was that kind of marsh. It was
a great deal more productive, not only in plant bio-
mass, but also in all the other things associated

‘with it. And one was strugk by this just walkin

onto the sight. /’\ :
If there had been, in fact, a scheme Yo harvest
that material and do something with it rather than
let it fall right back into the water and simply pass
those nutrients ori down, it might have been a very
good and efficient way of returning that material.
Dr. Woodwell: Very good, I'll agree with all of

¥

that." .
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The question can be asked very fairly —given all
of our good intentions, given that we're honorable
men and we don’t want to destroy-someone else’s
neighborhood anymore than we do our own—what
do we do?

My response to this question is a pragmatic ap-
proach to assessing the impacts by either an exist-
ing‘or potential source of biological damage on the
integrity of water quality. Essentially what I have
tried to ask, not only personally but in working

with people in EPA, people in the fisheries busi-

ness, other ecologists, is, “Can we go about doing
an assessmept in a way that is reasonable, come up
-with some good criteria for the managers?”
Basically, it involves selecting from the enyiron-
ment in question several key species that we're
..going to use as key indicators or determinants in
terms of -criteria for decisions based on water qual-
ity. These are species that could fall into two cate-

gories: representativé species and what we might -

call those important species. Different agencies
have used this concept in different ways agd I'hope
- I can bring some of the salient points together.

In essence, the approach is one of sefecting cer-
tain important and representative aquatic species
to be the critical indicaters for decisions regarding
the particular ecosystems and loeatioh being evalu-

ated. The opposite approach (although there should -

be intergradations and mixtyres of approaches in
practice) would be to consider only characteristies

of the whole ecosystem, that is, the-aggregate of |

_thousands of diverse species and kinds of orga-
hiSms. ) ) ~ LT
“The Representative and Important Species (RIS)
concept is different from the old “indicator species”
concept once used in organic pollution studies. That
concept sought to identify certaiinundesirable, pol-
lution-tolerant - organisms (e.g., 'sludge worms)
whose presence indicated pollution; the RIS empha-
sis is on those species which we want to protect or
enhance. et
" Assumptions and Criteria: What are my assump-
- tions in 'suggesting the direction of using repre-
sentative and important species? What are my eri-
teria fo/r selecting t‘hem?

v

(1) It doesn't seem possible to adequately szxdy
every species that may exist at a site of pollution or
other impact; there isn’t enough time, money, or
expertise, and most important, I don’t believe the
state of knowledge of aquatic ecology allows us to
see all the interactions among species that may be
relevant to the paJticular source of impact. Since'all
species cannot be adequately studied in the time
frame for making resource decisions, some smaller
number will have to be chosen. ‘ co

() The species of primary concern are those
causally related to the sources of impacts. To be
sure, there myy .be repercussions. throughout an
ecosystem if cértain elements are destroyed, but
generally the-most obvious change will be on the
species directly affected. Tf.we"are to correct mis-
takes, we must also be most congerned with causal
relationships.” ° \’ ) )

(3) Some species of fish and in
site will be economically i
right, that is, commercial and.
less of any more .academic connecti

ertebrates at a

rts fishes, regard-
o the eco-

. systems as a whole. Some others may be huisance

species and thus important in the negative sense.

- Both types of species are important in a societal

context; segments of the human society are partic-
ularly interestéd in then.

14) Some spécies are known to be c_f’itical to the
structure and. fuiction of their ecosystem, either

' thrbughzphysical form, for example, corals, or

. thygugh-fdod chah relationships. These would be
<

¥

“important” in an ecological sense.
- (5) Sofne spbcies whicfi-we can term “representa-

. tive” will be eitherjarficularly vulnerable to the
source of potential ‘dafhage (based upon our prior’

knowledge fiom’laboratory or field studies), of they
are trulys representgtive jh-their biological re-
quirements of most other species. If these
species are protected eel that we can reason-

ably assure protectiorfof other species at the site.
Generally, we would nbt want to select wide-rang-

" ing species at the .extremes of their geographic

14¢ -

ranges as “particularly vulnerable” or “sensitive”
representtive species; they could, however, still
be “important” and selected on that. basis. Orga-

%
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’ i at’the edge of their range will often be the
4 ﬁ sensitive to environmental stresses and could
. X be useful as sensitive indicators of ecosystem ef-

. v fects. However, they often are of trivial importance
to either the ecosystem or man in their marginal
environment.

{6) Often, the list of organisms that might be con-
sidered “important” or “representative” is still too
long to be practical and a smaller list, ‘perhaps

150

to include a diversity of the more sensitive fish,
shellfish, or other species of direct use to man or
important for structure or functioning of the eco-
system.

(7) Finally, there'is a category of orgamsms
officially listed in accordance with the Federal
Endangered Species Act of 1973 (PL 93-205) which
~are automatically “important” by legal definition
and which must be carefully considered in any
envirpnmental evaluation.

Developing such a list presents an acute test of
managerial skills for the responsible agency. The
key phases will be soliciting recommendations from
a wide variety of sources: fish and game agencies,
conservation groups, regulatory bodies, the af-
fected industry, and others, and obtaining their
understanding and acceptance of both the selection
process and the end result.

Use: How will a list of representative and impor-
tant species be used? A clear statement of the
objectives for such a list should, of course, have
preceeded its selection. The hst and its use will
depend upon the type of facility being evaluated.

It is useful to outline a decision train or action
plan associated with our- species list. My own
experience has been heavily oriented towards
power plant impacts, so the following thoughts are

line includes steps leading up to the selection of the
list of species, and it assumes that the source,of
damage is not yet operating so that impacts must
“be predicted. If the plant is already operating, then

then the decision may be to take actions to alleviate
the damages or, if no other recourse is available, to
close the plant.
Decision train: (1) Review the biological prob-
~lems that have been identified at operating power
plants, in laboratory studies and speculative
" analyses. A simple “shopping list” can be of great
value in reminding the analyst of what he should be
watching for. . .
{2){ Examine the biological resources and any
existing management objectives for these re-
sources at the site.

greater than five but less than 15, may have to be .
chosen. Generally, we would want the reduced list

drawn from that context. The decision train I out- -~

actual damages should be looked for,.and if found,.

THE INTEGRITY OF WATER
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a) If these have already been established and

catalogued by resource agencies or by previous

+ ecological studies by the company or other
groups (for example, universities), then these
data might be used without conductmg addi-
tional field surveys.

b) If suitable data are not avaﬂable, then a
survey covering a minimum of 1 year is proba-
bly necessary to-establish the kind of ecosys-
tem being dealt with.

(3) Decide what problems viewed in the first slide
or identified from the local resources are to be con-
sidered further for this site. In particular,

a) Is the problem credible (documented, a .
problem.elsewhere, a good prediction)?

b) Is the problem likely to be significant for
the ecosystem or somety"

¢) Does the species that could cause the hy-_
pothetical problem actually occur at your loca-
tion, even durmg short periods of a critical life..
stage?

d) Is the spec1es likely to be closely involved
with the source of damage?

(4) On the basis of anticipated problems, decide
on a list of representative and important species
requiring detailed field and/or laboratory study and -
analysis leading toward administrative decisions.
Use the assumptions discussed earlier or any other
criteria that may be particularly applicable to your
site. -
(5) Obtain llterature and laboratory data on the
representative and important species. To the
extent possible the analyst should become familiar
with every aspect of the population dynamics of
these selected species. Where data permit, popula-
tion dynamics models may aid in determining which
types of information are most important. Some
experimentation may be necessary at thls point to
define such parameters of direct biological effects
as lethal temperatures, upper temperatures for
growth, optimum growth temperature, et cetera,
that can be useful in evaluating impacts.

(6) Obtain detailed field data at the site of prob-
able impact (and reference areas) on the RIS that
would pertain directly to the anticipated prob-
lem(s). The actual distributions of the organisms at
different times can be especially important. This
may require more than 1 year of data to establish
yearly variations.

(7) Develop engmeermg designs for the proposed
facility to minimize problems An example would be

i

selection of the location fof a water intake either '«

‘along shore or in deep water based on the relative
abundances of organisms that could be drawn in
along with the water and damaged or killed.

(8) Decide (a) what :problems remain credible

— e o

b
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after compensating with good engineering and (b)
the magnitude of the problem in relation to.main-
taining a balanced indigenous community. A projec-
tion must be made at this point from the well
documented analyses on representative and impor-
tant species to the likelihood of ecosystem effects.
This we must accept as educated speculation.

(9) From the list of predicted significant problems

that remain, or lack of them, decide uppn issuing
approval for the facility. The realistic ecological
analyst must realize at this point, however, that
there will be other considerations entering deci-
sions’besides his own. «

Conelusions: Decisions .regarding water re-
sources must be made. We cannot wait for all perti-
nent information té come in, for in practice it never
does. Knowledge continuously builds, sometimes to
reveal our triumphs of insight, sometimes to reveal
our mistakes. ’

I feel that we can minimize the latter within the
practical limitations of today’s environmental sci-
ences if we concentrate our efforts on those species
that we-feel are either particularly important or are
representative indicators of the rest.

Whether the ecosystems be designated as wild or
managed (and most water bodies are actually man-
aged for certain harvestable species), knowledge-
able scientists and managers ought to bg able to
compile a list of key species based upon gwanage-
ment objectives. These species can then receive
more than haphazard attention. The detailed
information developed on them will provide clearer
decision criteria for the administrator and clearer
standards for later judging of any changes in the
integrity of our waters.:

Let me summarize with the benefits of what I
think is the concept of representative and impor-
tant species. We want to do what can succeed with
today’s knowledge. We don’t want to do a job that’s
going to wind up im a lot of fuzziness that’s not
really going to do anybody any good. We want todo
something that’s going to contribute to the deci-
sions that have to be made. We also want to give
those species that the public considers important
more than just haphazard attention. For instance, if
we had not worried about the stri bass in the’
Hudson Estuary area, somebody would have been
> down on our necks very fast. . J
" The species that the corimercial fisherman, the
sports fisherman, the general public feel are impor-
tant to them, often in tangiblé ways, these are the
ones that the analysts have to consider in detail.
‘We want to give clear criteria to the administrator. -
We don’t want him to have to make the subjective
judgments in the end. The ecologist needs to be
able tolay out as clearly as he can the criteria to be_

-
»

used in making decisions and the alternatives. I
think this system allows him to.

Some well understood standards must be put
down on paper for use in judging changes that

occur. By setting the criteria fairly specifically for

particular representative and important species, by
having population dynamics models that make pre-
dictions about what the population is going to do 5,
10, 15 years down the track, we impose our particu-
lar impact. We'll have some standards that then can
be used by regulatory and conservation agencies
and the general public, to know if, in fact, the deci-
sion that was made was the correct one or the best
one. .

There are probably other benefits too; perhaps
one of them being that ecologists are maybe lazy

like everybody else and we don’t want to have to -

solve all the world’s problems all at once.

DISCUSSION

Dr. Patrick: I certainly agree with you. I agree
that we must understand life cytles, that we must
go in depth to understafid certain species. I think
when you're dealing with thermal effluents perhaps
you are safer in selecting a few species.

But, I should like to point out that you can have '

an increase or imbalance 'in nutrients that would
bring about a change, a gradual change, #shift from
a high predator pressure to one that’s.very low
predator pressure, and you wouldn't pick it up for a
long time from the kind of studies that you outline.
Except that you did give yourselgl out when
you said the ecologist should pick the important

species. Now I feel in any such baseline studies it's

important to study those species that are important
in the food way as well as those that are commer-
cially important to man, and a mix of these studies
that gives you the best, shall we say, baselines for a
future comparison. i

. Certainly I agree with you that you have to take
the engineer into it with you. In the study that we
did with the Chesapeake we were able to show the
company and the engingering firm that a half a foot
per second would greatly reduce the fish and other
larger invertebrates. .

And also by studies we were able to show where
to put the intake that had the least fouling prob-
lems, and I'm glad to see this is working. In other
words, the ecologist has really saved the utility or
the company a great deal of money by asking the
right questions and solving them in the right way.

But, as I said, I think you have to know more
}than just a few species. - - . -

Dr. Coutant: I can’t say much to debate that. The

comments I have made are most applicable, in their
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strictest sense, to cases where we're trying to deal
predictively; where we simply don’t.have the. long

* term ecosystem changing in front of our eyes for
someone to go out and look at.’

In practice, application of any source of potential
damage to aquatic, ecosystems occurs over a time
span. The damage may occur 10 years from now if
you're in the early stages of design of a power sta-
tion. Sometimes you're at the construction phase
when damages may start occurring, and‘then later
on they are occurring more regularly and you can

" look at their effects. *

The representative and important species ap-
proach works best for the predictive situation. Such
a predictive system can evolve into the ecosystem
approach which ‘has its advantages when the sys-
tem is there and is changing. Then you can look at
things like species diversity and other factors which
you simply couldn’t look at in a predictive sense.

Dr. Ketchum: I toa agree with what Dr. Coutant
has said, I would like to utter just one caution,
being accustomed to the natural fluctuations of the
marine fish population. I just hope that you aren’t
on a declining part of the natural curve when you
make your prediction and find out that nature has
taken over and had a greater effect in that particu-
lar case thah man’s activities.

Dr. Coutant: A very good point. In fact, it was
with some trepidation that I suggested a 1-year
survey. It depends on the audience that you're talk-

“ing to. If you talk to a group of utility people exclu-
sively, they throw up their hands in horror at the
thought of having to conduct an ecological study for
a whole year. I think any good ecologist would rec-
ognize that, as you say, there are fluctuations and

_ long term trends that make even 1-year samplings
almost wortliless. : - -

Dr. Ketchum: Perhaps studies of adjacent areas
could serve as g control. -

«~ Dr. Coutant: Right. In fact, one of the
which I didn’t include In the paper is that we need a
better implementation of what we might call the
resource agencies of the country for putting to-

" gether inventories of species and their population

dynamics that are apt to be on a list of representa-~

tive and important species. -

We know there are State agercies doing inven-
tories, Federal agencies doing inventories, and util-
Jities around the country doing surveys of power
plant sites. If we had a system for putting this
information together, the poor analyst could go to
this source and determine reasonably accurately
what is happening ecologically in the western end of
Long Island Sound, for example; There is a good
body of information from the various State and
Federal agencies that could be us;,ed as a basis for
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prediéti%ns if it were uniformly available. But I
don’t think we're there yet. We don’t haye that
amount of cooperation available in the system.

Comment: I kfiow that the fish, or single species
has been used quite a lot in the last few years. But I
agreé with Dr. Patrick, I think we’re going to have
-to spread out more. - ' 4

And the current work with microcosms, especi-
ally work of Bob Metcalf.and others, from the work
at Oak Ridge shows that they had utility and
screening materials in screening impact on func-
tional groups and functions of ecosystems where we:
don’t have to go to the complete ecosystem and we
can get some ideas with some mix, even artificial
mixes.

But I think that being able to protect or evaluate
the impact material on a natural nutrient cycle or
some of the functions such as primary production
and decomposition are as important as those spe-
cies of the top level fish that we might select. That .
certainly would cover more than five to 15.

Dr. Coutant: I agree with that wholeheartedly.
As I mentioned, you go on from the RIS appréach to
a more ecosystem-oriented approach. But I'd ‘also
bounce the question back to you; argsfe, in a sense,
taking a representative and important michosm
with which to make our judgments? For the fish,
which I tend to emphasize because that’s what I
have been dealing with tend to select a species.

In your case, Merested in lake ecosys-
tems. You, therefere, set up an aquarium that has
about the right mix of water, plankton and sedi-
ment. Do you not call that a representative seg-
ment of an ecosystem? ) L.

Comment: But if we l&ok at the important func-
tions of an ecosystem, and put in representatives of
those, functions, then I think we’ve come a long °
step —being able to use something on the east coast

and the west coast to represent the same functions. )

And we don’t have to have the same species.

TFhe people in Georgia complain about using Du-
luth fish because it’s a cold water fish. But if we
have representatives of a level of the bacteria and .
the algae that grow in the south and west and north
and east, put these into microcosms,then we repre-
sent functions and not a particular species. -

Dr. Coutant: Yes, that's true. I guess I'd have to
go back to the criticism that the analyst would get
from the public. For example, in trying to do that,

. You seleet a certain species—carp, for example—to

put into your microcosm. You may have used this
species because another species won't fit. The ques-
tion you get from the public hearing may be: why.
did you select carp for a bottom feeder when you
should have used some other species which I (the
public) think is more important? -

a
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It’s difficult to translate mickocosm studies to the
very specific cohcerns that péople have. Microcosm
studies are becoming more and more important,
and they’re telling us many things. But you do wind
up with difficulty of translation in the end. The man
in the field, the man with his fishing pole, is inter-
ested in striped bass or he’s interested in large-

mouth bass, and in the end, you're going to have to -

translate your results back to th¥ things people are
" interested ir. o

Chairman Guarraia: I'd like to e a comment
here. Being a microbiologist, ] glegs I have to get a
plug in. I'd have to subscribe(to the microcosm con~
cept that Mr. Sanders mentioned. '

There have been some studies that do. indicate
that thermal etfluents have shifted microbial popu-
lations, and I'm thinking specifically of some work
with Dr. John Buck. And Dr. Blakehurst from Can-
. ada has shown that the tubifex worms have a dis-
like for certain species of microorganisms.

In other studies
have a distinct preferencefor certain microbial sys-
tems. This, of course, leads us to wonder what hap-
pens when we enrich certain aquatic environments
with nutrients from various sources.

What are long term changes in terms of microbial
shifts? I don’t know the answer, and I don't expect
you to know the answer to this. So, certainly, the
single species concept is important, and I think pri-
marily for one reason—you get a handle on it. I
think we all recognize the extreme complexity of
the whole relationship. ’

Dr. O’Connor: Would you comment briefly on
the degree to which the fish population models that
you referred to have been validated, if at all?

Dr. Coutant: I think both with respect to ours
and just about any.other mogel that has been put
together, you have to say not enough. Validation is
a most important part of any model development
and it tends to be the one least Jooked at. Every-
body puts alot of IBM cards together and out comes
anumber, and we think we're . )

But, unless those results can be validated, they
really don’t mean mych. The particular model that I
showedyou is a good example. It'is being validated
in a sense that studies are going on in association
with a partioular power plant. Very interesting
studies and expensive studies to find the informa-
tion that the models, bogh ours and others that have
been developed for tY¥e same predictions, have
shown to, be imporyant. '

There are twd ways of looking at validating
models. One is to determine whether the coeffici-
" ents are right. So a lot of work is being done now to
- get the right coefficients for, among other things,
egg and larvae distributions for striped bass.

. Odum has shown that fish,

p 1563
Second, there is also a planning phase for once the
jmpact has started.-Some of that work is contribu-
ting to finding out whether each year’s data tend to
match what we predicted for the year.

I think validatiéh is, in that case, coming along as

- well as can be expected. But often it isn’t and I

think your point is well taken.

Dr. O’Connor: Projecting in the research area,
how close do you see models such as that in which
you would introdfice more specific pollution effects
like tosicity? Is anyone in the fisheriés area doing
that now? Or when do you expect that might be
done?

Dr. Coutant: That’s one thing that actually w
are going to try to do with the striped bass mod
on the Hudson, because some things are tied in— -

Dr. O’Connor: Just thermally? :

Dr. Coutant: Well, the first step is thermally. I
showed you the population dynamics model; actu-
ally the thing that goes behind the screen for that is
a hydraulics model that predicts the number of eggs
and larvae that are going to'be in the entrainment
box. Built into the hydraulic model: are the dy-~
namics of the estuary, such that you can predict
things like oxygen depletion by having thermal
effluent added, a new sewage treatment plant or
other addjjions: Really, what we would like in the
end is to have a Hudson River resource model.

Dr. O’Connor: We should get together some é;;.

Dr.»Coutant: I'd like to make one pdint. Your

_questjon mentioned the research context. In our
discussion I'd like to make clear that I'm talking'
fairly pragmatically in this representative fnd im-
portant species context, about things that we feel
we can do now; as opposed to things that I'd like to
be able to do in the future. There are a lotsof things
‘that we ought to be able to do in the future if we
keep up a good level of research effort. .

Dr. O’Connor: Let me-just add, when you get to
the DO studies, and you look around at the
engineers, that we introduce alternatives as best
we can. "-

Dr. Coutant; The business could stand a lot of
peration. T

Comment: You said at the beginning that you
were interested in approaching these in as much of
a pragmatic way as possible. I'd like to see if you
can give any kind of estimate of the types of exper-
tise needed and therefore the money and man-
power. We realize that when you're talking about a
nuclear power plant you're talking about a lot of
money over a long period of time. But can you make
any application from your studies to something not
ascostly? . - .

Dr. Coutant: I'm not @ing to try to go into hum-

* bers. I think if we’ve ledtned anything in this exer-
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* cise on the Hudson, and also wox;kmg on the Colum-

bia, we've learned that we tend to greatly
underestimate the time it's going to take, the
money it’s going to take; we tend to overestimate
what we’re going to do.

To do the job right, even for one species like the
striped bass on the Hudson, you don't write an
impact statement in 3 months. It takes Zeveral
years to do a good job and then you don't know for
sure where you are really, because you can't put
confidence limits on your prediction.

So, I'm forced to say let’s get more pragmatlc
When we try to look at what we cando let’s be very
critical of what we think we can do, and let’s be

very narrowminded in this sense—that we're prac--

tical in selecting the number of species. This also
put® pressure on those who are selecting this list of
representative and important species to do a good
job in making the selection. Because you're going to
have to spend a lot of time, money, and effort on the

_ few species that you do sele¢t.

° Dr. Woodwell: I must.say I also approve of your
presentation and your approach in general, but lest
the baby be thrown out with the wash here, you
haven't said what you discovered as a result of all
that study of the striped bass in the Hudson and
what the conclusion might be.

Anticipating your answer to that, I'll go on to say
that the problem will then turn out to be not striped
bass in the Hudson, but the fact that one of those
nuclear plants puts through itself 30 million gallons
an hour, or more, almogf an inconceivable quantity
of water. And, 10 or 1Z or 16 of these plants are pro-
posed for the Hudsoy River estuary.

It really isn’t th¢ striped bass that we're inter-

: THE INTEGRI’N! OF WATER ' -
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ested in, but the Hudson River estuary ecosystem.,
And right on the face of it, we know that we can't
put that many plants on the Hudson River estuary
without substantially destroying it in the begm-
ning. Then what do we do. -

. The question then comes back to, do we allow
this further diffusion of human influences around
the world, or do we decide that the estuaries are
important, and we can’t put reactors on them, that
we have to figure out something else to do with .
reactors. .

Dr. Coutant‘ I don’t want to make this an in-
house joke in a sense. For those of yod who aren’t
familiar with what we have been talking about, let
me explain, off-the-record.

(Discussion off-the-record because regulatory
action still underway.) - .
Dr. Patrick: I think two different questions are
posed here. One is what’s going to happen to a spe-
cies that’s important to man; the other is, what is
going to happen to the assimilative capacity of the

ecosystem, or its flexibility over time.

I would like to find that when you study the
major .groups performing functions in the ecosys-
tem, the problem which Dr. Ketchum brought up
about the variation due to nature, the populations
of a central spec1es, doesn’t netesgarily happen, at

. least in all the rivers that I’'ve ever “studied.

You don't have, under natural conditions, all
aspects of the ecosystem varymg the same way. So
you aren’t led astray by a minimum number of
specimens of a given population being character- -
istic of the area. I'd also like to point out that we
have begn able to monitor some facets of the eco-
systems. :

n
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Natural aquati¢ ecosystemg have evolved over
time to accommodate to the physical and chemical
environment in which they live. Thig paper will dis-
cuss the basis for the integrity of these systems,
how perturbation affects them, and will make sug-
gestions for strategies of management to reduce
the effects of perturbation or pollution; that is, in
most cases, pollution.

This discussion will concern itself primarily with
streams and rivers and will be based largely on my
experience of studying streams in the eastern part
_ of the United States. A

Studies of stream ecosystems indicate they have
“6ptimized the channel structure and the variable
* chemical and,-physical characteristics of the water
due to seasonal change, runoff from the watershed,
and downstream flow. For example, in the head-
water sections of the stream the structure and func-
tioning of the ecosystems are responsive to the
riffle-pool sequence which is composed of a divers-
ity of substrates, mainly rocks, rubble, pebbles,
. sand, and some silt which resides either in the pools
. or along the edges of the stream.

. The diversity of the current pattern is highand is

responsive to the riffle-pool sequence and the . *

roughness of the stream bed. The water is derived

in varying proportions depending on the stream

from the ground water and from the runoff from the

watershed. In undisturbed water, ground water

mainly contributes the nutrients such as calcium

and magnesium which reflect the geology of the

“area from which the ground water is derived. In

contrast, the runoff from the watershed reflects {t;r}E/
usage of the watershed. In undisturbed areas it wi

often reflect the organic matter produced by the -

trees and vegetation, whereas if the area has been
atilized by man it may reflect agricultural activi-,
ties, roads, and other such results of man’s acfivi-
ties. It is difficult to differentiate the contribution
of these two sources because, after all, the runoff
from the watershed may reflect the ground water

and likewise the ground water may reflect t
* usage of the watershed.

. selves to the high rates of flow that exist in these . ,° o
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Head water: In headwater streams detritus is one
of the main inputs. This is because these streams
usually run through heavily forested areas and the
fall-in of leaves and insects living within the trees
produces a considerable detrital input over the
year. Also, the trees of the watershed modify the
light entering the stream and prevent extremely
high temperatures from occurring during the sum-
mer months. The temperature of these headwater
streams may be fairly constant if most of the water
is derived from ground water and is heavily shaded,
or may fluctuate more extensively if considerable
amounts of the water are from surface runoff andif _
the trees have been cut away from the banks of the
stregm. PR _ . '
@e headwater ecosystems have evolved to
haW¥great dependence upon detritus in the late
summer, fall, and early winter months and to
depend upon primary production in the late winter,
spring, and early summer months. Of course, in
those areas where the forest has been cut away and
the direct sunlighf,enters;the stream, primary pro-
duction by algae andeaguatic plants is the main base
of the food web. ’ .
In these hieadwater streams the flow is relatively
small in volume and because of the vegetative
nature of the banks the water is typicalfy clear. As
a result, the photosynthetic zone extends com-
pletely over the stream bed: Many of the aquatic
insects which live in riffles have adapted them-

-

. areas and thus have streamlined bodies. Fishes
often develop suction discs by which they can
attach to the rocks. Some diatoms will have a much
more streamlined shape or develop strong hold-
parts in swift-flowing water compared. to their
shape and manner of living in slower moving waters
or pools. :

In“the slackwaters below riffles we typically find
many filter-feeding organisms. Sometimes these
also exist within the riffle proper as in the case of
blackfly larvae, but caddisflies, clams, and other .
filter feeders are more typically found in the slack-
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water area where the current is still fast but not as
erosive as in the riffle proper.

In the pool one typically finds organisms that do
not like high flow and prefer a fair amount of
organic matter as a nutrient source. Thus, in the
sediments ofp pools we typically find chironomid
larvae and tubificid worms. Also living in pools we
often find fish and crayfish. The types of species
found somewhat depend upon whether the pool is
well oxygenated all the way to the riverbed or
whether there is a decrease in oxygen in the lower
part of the pool. In headwater reaches of the stream

the lowering of oxygen typically does hot occur in
pools. Thxs characteristic may occur in deeper
downstream pools. Roots of bankside vegetation
often trail into the stream and in these we often find
water beetles, damselﬂies, and sometimes
salamandersg,

Main trunk of the river: As one proceeds down-
stream the flow increases in volume and the water
becomes more muddy. In this reach of the river the
meandering pattern becomes much more eccentrie
and t he riffle-pool sequence disappears.

Habitats for aquatic life are mainly on the shoal-
ing edges of meanders; very little lives within the
cutting edge of the stream. Trailing branches from
trees along the Banks of the streams and the debris
caught among them often form habitats for aquatic
life. The advantage of these habitats is that they
float up and down with ‘the increase and decrease of
flow and thus do not become submerged, as do habi-
tats on stable su eﬂﬁr

Because™ of th ge volume of flow, shifts in
_ height or depth of the water may be very great and
sudden, particularly during the spring of the year.
THis section of the stream is usually accompanied
by a wide flood plain, parts of which may be wet
. swamps all during the year and in other cases, flood
plain ponds develop. These areas with much more
stable beds are used by many aquatic organisms as
feeding and nursery grounds. One has only to
observe the teeming life in these flood plain ponds
and swamps to realize their importance in seeding
__the mag channel of the river. During high flows in
the spring and sometimes in the fall they are con-
nected with the river. Thus, organisms when young
may spend considerable parts of their life cycles in
these ponds, traversing to the river during floods.

Sloughs and oxbows “are also valuable feeding
grounds for aquatic life. The oxbows are typically
caused by the cuttmg of a more direct channel
which naturally occurs when the meanders get very
large. These areas which have slower flows through
them are clearer, because the sediments have had a
chance to settle out of solution. In these waters
many more algae grow and it is here that fish come
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to feed. On these algae as.one might expect, large
populations of insects and other invertebrates may
develop. .

The sloughs, which are the mouths of former
tributary streams, are also gxcellent feeding areas.
In these reaches of the stream the effect of bank-
side shading is much less and the stream is de-
pendent upon detritus brought in from the water-
shed and on primary productivity. The integrity of
this system and its productivity are dependent
upon the flood plain®and these naturally occurring
oxbows and sloughs. If they are eliminated, which
sometimes happens in channelization, the produe-
tivity of this reach of the river is greatly curtailed.

Estuary: In the estuary the channel structure is
very different from that of the rest’of the river.
Here we see the confined channel giving way to
open marshlands. These, marshlands function in a
similar way as the wetlands in the upper reaches of
the river. They are very productive; indeed Odum
has characterized them as being the most produc-
tive areas in the world. They not only contribute
algae.or primary producers as a source of food, but
the emergent plants, on their death in the fall of the
year, create large amounts of detritus. A consider-
able amount enters the river system and furiishes
food for many, species of aquatic life. ,

The marshiands also function in improving water
quality as plahts and sediments assimilate large
amounts of nitfogen, phosphorus, and other chemi-
cals necessary for plant and microbial nutrition.
The green plants also produce oxygen by the
process of photosynthesis. Many plants may
accumulate more nutrients than are necessary for
growth. This luxury tends to be greatest in eu-
trophic water.

These plants also accumulate large amounts of
substances such as heavy metals. The physiological
mechanisms by which these large amounts of
metals can be accumulated and not produce taxic
effects are not well understood. However, recent
research has shown that there are limits to this
nontoxic accumulation of metals and when these
thresholds are reached the metabolic rate of the
algae is adversely affected.

In the open channel two-way flow is one of the
characteristics of an estuary. This is due to tidal
action. This effect may extend fdr upstream above

the pefretration of saltwater. Typically, in most

estuaries the saltwater tongue which is more or less
discrete, penetrates up the estuary along its bed,
whereas freshwater flows occur over the surface.
The amount of freshwater flow depends on, the
discharge of the river. This is usually less in the
summer, and the estuary will have a hlgher salt
content than it will in the winter. Indeed, in some

{
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estuaries such as the Escambia, the saltwater
tongue is so discrete that in the winter short-cycled
insects may enter the estuary as eggs and go
through their larval stages and emerge before the
water becomes brackish in late spring or early
summer. .

Often there is a very different typeg of fauna and
flora living in the winter in the surface waters than
that which lives in the deeper waters where more
brackish water remains throughout the year. Since
there is considerable hold-up time in this part of the
river, the estuarine communities in structure re-
semble more closely those of lakes, that is, one
often finds plankton existing as well as benthic and
epithetic forms.

In the free-flowing part of the river, the sus-
pended organisms are really scuffed up bottom
forms unlessa dam is built into the river which in-
troduces lake-like conditions. Exceptions to this are
some of the long, slow-flowing rivers in the middle
part of the country where plankton may develop.
These plankton organisms are not true plankton as

one finds in the open sea, because they do not spend,

their whole life afloat in the water. They typically
have resting cells that lie on the bed of the river or
lake.

Thus we see that the physical conditions of a
river channel and the chemical and physical char-
‘acteristics of the water differ in these various

reaches. Likewise, the kinds of species composing

the various communities differ.

However, there are great similarities among
these communities, for their functions are quite
similar. For example, in all of these communities
there are detritivores (organisms that feed upon
detritus), primary producers (organisms that fix
carbon in the presence of sunlight and chlorophyll),
herbivores (animals that feed upon plants), carni-
vbres (animals that feed upon other animals), and
omnivores (organisms that have a wide variety of
diet). °

Recent investigations have shown that it is ex-
tremely difficult to type a given species to a given
function. The reason for this is that during the life
span of a species, depending upon its stage of devel-
opment, it may change its food preferences. For
example, it may be a detritivore at one stage of its
life history and an algae feeder at other stages. It is
also well known that when a resource is limiting a
species may switch to another food source. Thus,
although a species may prefer to6 be a carnivore,
when pushed it may become an omnivore.

These functions may assume varying importance
in different types of aquatic ecosystems. In some
systems detritivores may be more important than
the primary producers. Likewise in some gystems,

omniveres are more prevalent than carnivores.
Nevertheless, the same functions are carried out in
all aqufatic ecosystems that we have studied. )

Furthermore, we find the numbers of species
that perform these functions are very similar, in
similar ecological habitats. Of course, when the
physical and chemical characteristics of the habitats
are very different, such as estuaries versus head-
water streams, the numbers of species performing
these functions may be different. However, in the
same river area, when well-collected at diffe
times, or in similar communities collected at"the
same time, the numbers of species performing
these functions will be very similar.

This is in line with the work of Cody and Mac-
Arthur, who found that if one carefully equates the
habitats, the numbers of species which one will find
living in that type of habitat will be quite similar.

It isalso important to note that the forces in-
volved in the creating of aquatic ecosystems and
the maintaining of them, seem to be similar. For
example, the formation of a ‘community is largely
determined by the invasion rate, the size of the
area, and the diversity of the area. The relative
importance of these factors varies according to the
species involved. Patrick, et al., in a’ study of .
diatom communities, has shown that invasion rate
and species pool available to invade an area are
more important than size of area. .

However, with other groups of organisms, the
diversity of habitat might be more important. The
kinds and relative concentrations of various
density-independent factors are very important in
the mamtenance of a diversified community. If
these factors are variable and somewhat unpredlct-
able, t?ne relative population sizes of species will
oscillate around a mean and the community will
maintain itself over time. It is the opening of the
community by these unpredictable occurrences that
enables new species to invade and thus maintain a
relatively high dlver51ty

Specles interaction is also another factor deter-
mining diversity of an aquatic ecosystem. Bovbjerg
has shown that if a single species of crayfish is pres-
ent within a river it will occupy the riffles and slack-
water areas and pools.” However, if another species
is introduced they will partition the environment
with one being able to maintain itself in the riffles
and the other one in the pool and slow slackwater
areas.

Likewise, he has shown that physical aggressmn
will exist between caddisflies in establishing areas
for spinning nets. This has also been observed with
the purse caddi$ on rocks. Thefe is a definite spac-
ing between the occurrence of tRese purse caddis,
which is proportional to the area to which they can
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graze when they extend thelr thorax outside the
purse case.

Spec1es interaction which is not directly competl-
tive but is accompllshed ‘by the excretion of various
substances, is quite common among algae. In other
words, a given species of algae may excrete a sub-
stance that will deter other algae from living within
a zone close to the species. Thus, it can obtain nutri-
ents in that area without much interference from
other species. For example, Procter found that the
growth of Chlorella vulgaris is greatly reduced in
the presence of Anacystis marina. It is also reduced
if the green flagellate Chlamydomonas reinhardii is
present.

On the other hand, Ch]amydomonas reinhardii is
strongly affected and cannot grow in the presence
of Anacystis marina and is greatly reduced in the
presence’TmreHa vulgaris. Scenedesmus qua-
dricauda is greatly influenced and its growth is re-
tarded by the presence of Anacystis marina,
Chlorella vulgaris, and Chlamydomonas reinhardii.
The recent work of Keating (oral. communication)
also supports these conclusions.

Species may also affect the g'rowth of other spe-
cies by being able to utilize a given mix df nutrients.
For example, it is known that Asetrionella formosa
and Fragilaria crotensis grow best in cool water and
effect the higher nutrient levels that are typically
present in g lake in the spring of the year.

When these nutrients are reduced to a level that

. is not satisfactory for Asetrionella formosa and

Fragilaria crotensis and the temperature of the
water becomes warmer, Synedra acus will often
become dominant. This dominant bloom is often fol-
lowed by a bloom of Dinobryon. It is well known
that Melosira granu]ata and.many of the blue-green
algae occur only in lakes where the ni{rogen is very
low.

Predator pressure is another factor that greatly
influences the diversity of an aquatic community. If
a predator has a preference for a species which is
very common, the population of the prey will be

eatly reduced and the community will be open for
the invasion of other species. Paine has shown this

o
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duced and diversity was reduced.

Brooks and Dodson have also shown that the
preference of a predator for a given size of prey
may greatly change the structure of the plankton
community. For example, they found that the intro-
duction of fish that preferred a larger size Daphnia
reduced the size of the population of this prey and
allowed the development of smaller planktonic
crustacea which, in turn, fed upon smaller algae.
The relative size of the.algal population increased
while the size of the crustacean population de-

creased, as a result of the selective feeding by the_

fish.

Although all aquatic communities are shaped by
the forces of these various factors, the relative
force of a given factor may vary greatly. For exam-
ple, in small ponds in the tops of volcanoes, fewer
species are able to withstand the high concentra-
tions of certain chemicals such as sodium and potas-
sium and the lack of caleium which often exist in the
volcanic lake. Therefore the numbers of species are
greatly. reduced.

Likewise, in the far north, with wide fluctuations
in day length and lower temperatyres, many spe-
cies cannot live in this area and therefore the num-
bers of species available for invasion of the area are
reduced. In such instances, the density-independ-
ent factor seems to be more important than preda-
tor pressure or competition in determxmng the
structure of the community. In contrast, in a tropi-
cal forest competition and/or predator pressure
may be much more important.

Berturbation of'the natural conditions of streams
may affect aquatic species in various ways. For
example, perturbation may alter the physical habi-
tat of the area in which the aquatic community
occurs by simplifying the habitat or making it unin-
habitable. In the channelization of streams the in-
creased sediments fill the spaces between the rocks
of the stream bed. As a result, the stream bed is
homogenized, decreasing the numbers of physical
habitats that previously £Ngted. Likewise, the cur-
rent becomes swifter-and fhe current pattern is
greatly reduced or hom d due to the fact that

occur in the intertidal regions-where-the-starfish——the roughnessof the river bed has been obliterated.

preferred mussels. By reducing the populations of
mussels, other species were able to invade and the
diversity increased. Roop has shown that if preda-
tor pressure is against a given species the diversity
of the community may be reduced. For example,
she- found that snails preying upon diatom com-
munities discriminated against the ingestion of
Cocconeis placentula and Achnanthes lanceolata.
As a result, these species were allowed to grow and
develop large populations and thus, the evenness of
distribution of specimens among species was re-

Other types of pollutants may make' the river bed
uninhabitable. For example, the accumulation of
heavy metals in sediments may cause the sediment
environment to become toxic to orgamsms that
would ordinarily live in it. Another example is the
accumulatiorr of silt among the grains of sand which
reduces the flow of water and hence, the abflity of
the organisms to obtain oxygen. As a result, many
species which commonly live in large particulate
matter such as burrowing mayflies, will not live if
the interstitial spaces are filled with fine silt. These



BIOLOGICAL INTEGRITY —A QUALITATIVE APPRAISAL

habitats are often the preferred habitats for the
spawning of fish and the rearing of the very young
larvae. These, too, will be eliminated if there is not
a free flow of oxygenated water through the sedi-

" ments.

Silt may also greatly reduce light penetration in
water and thus make the bed of the river uninhabit-
able by algae. Since algae are often referred to as
the grasses of the seas, the plant food source will be
eliminated-and the herbivores greatly decreased.

Pellutants may also directly affect reproduction

d the physiological efficiency of organisms. An
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" perturbation tend to have smaller populations;
those that are more tolerant will increase in popula-
tion size. Thus, a greater unevenness of the distri-
bution of specimens among the species takes place
and the diversity index is lowered.

More severe perturbation results in species sub-.
stitution. For example, in a normally healthy
stream one will find many species of mayflies and
several species of stoneflies. If the oxygen in the
stream is greatly reduced during certain seasons of
the year, one will find a great reduction in the num-
ber of mayflies and stoneflies and in their place will

example of pollution directly affecting reproductior® be more species of chironomids, snails, and

is that of small concentrations of dieldrin which will
affect the behavior of fish and cause the male to fail
to chase the female op stake out a territory.

Thus, very low concentrations which do not

organisms that are tolerant of or prefer small
amounts of organic pollution. Thus the species num-
bers will not be changed but the kinds of species
will be greatly changed. If pollution is very severe,

apparently affect the normal physiology of the adult * the numbers of species will greatly decrease.

under usual conditions, will affect the individual at

We have found in algal communities over many

breeding time and hence the reproductive process , years that the first effect of organic pollution is for

* of the species will be diminished.

The effect on physiology has been feund with
large increases in temperature which may also be
deleterious to organisms by causing the metabolic
rate to be higher than the assimilative rate. Thus,

the organism will not be able to obtain enough ,

nutrition to survive. In other cases, it has been

noted that shifts in temperature are necessary in =

order for insects to molt and in other cases, bass aré
known not to spawn unless the shift in temperature
occurs from the low 60’s to the high 60's in the
spring of thewyear. The maintenance of too high
temperatures may increase the incidénce of
disease.

The concentration of a given phykical or chemical
characteristic of the water may at one concentra-
tion be deleterious and at another concentration be
advantageous. Therefore, the concentration of pol-
lutants is a very important consideration in deter-
mining the effects upon an organism. For example,
1 or 2 degrees Farenheit rise in the winter has been
found to stimulate oyster growth in the Patuxent
River, and oysters which usually take 3 years to
reach marketable size, have been known to reach

a few species to become excessively common. The
second or more severe ¢ffect is a shift of species
fromr diatom-dominated to green algal-dominated,
and if more severe, to blue-green algal-dominated

. communities. This shift is accompanied by a reduc-

tion in the species, mifr’;ber but a great increase in
biomass. ' ' ‘ - -
“Toxic materials, on the other hand, have some-
what different effects. If the toxicant is one which
does not kill the species but rather interferes with
reproduction, one does not see a reductién in num-
bers of species but all species have very small popu-
latig#s: This is what happens when one lowers the
pH'of a circumneutral diatom community to about
5.5)If the toxicant is one that kills many species but
allows the more tolerant to live, one then-sees a
_greater abundance of these few tolerant species.
This has been found to occur with various heavy
metals. For example, chromium will bring about a
shift of a diatom-dominated community of many
species to one dominated By Stigeoclonium lubri-
cum and _a few species of blue-green algae, with a '
large ®mount of-biomass. Thus we see that not only
are the numbers of species greatly reduced, but

marketable size in 2 years i slightly warm water.

+In suchslightly warmed water, algae typically-

grow faster in the winter and the food for the
oysters is also stimulated. 2

It has been found that extremely small amounts
of certain chemicals such as manganese or vana-
dium stimulate diatom growth, whereas large con-
centrations may be toxic. ‘

Response of communities to perturbation, partic-
ularly manmade pollution, is usuall(y first evidenced
by a shift in the sizes of populations of various
species. Those species which are more sensitive to

&0 ]

whether or not the populations or biomass are large
or small, is dependent on the type of toxic material
which is present.
~ Measuring the effects of pollution: Many people
have sought to express the degree of pollution by
various methods. The most commeon ones that have
been used are histograms, dendograms, graphic
models, “or the development of the diversity index
and plotting this against numbers of species.
Of these various methods, the developing of a
model to express the aquatic community gives the
. most information’bec,ause one can tell not only the

4
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numbers of species that are present, but estimate
the numbers of species that are represented by dif-
ferent sized populations,

This is not possible by the use of a diversity index
or dendogram. The histogram probably gives the
greatest amount of information, but to date, this
has not been put intd a mathematical framework.

With a histogram, by heights of columns, one can
indicate the numbers of species; by breadths of col-
umns, the relative abundance of the species of a
given group, and whether or not that group has
species that are excessively large. One can also, by
making the various columns represent various
groups of species or single species, show something
of species composition..

Comparisons of communities have been deter-
mined mathematically by comparing diversity
indices, by clustering in dendograms, and by vari-
ance in model shape. Since the success of any
aquatic .community depends upon so many vari-
ables, it is very important that as many of these as
possible be determined in defining stream condi-
. tion. Therefore, it is best to examine as many dif-
ferent stages in the food web as possible as to the
kinds of species and relative abundance of these
species performmg each function.

Similarly, it is important to look at the commu-
nity as a whole as to its species diversity and kinds
of species forming it. Finally, it is important to cor-
relate this information with what can be obtained
concerning the chemical and physical conditions of
the water.

Because man is going to have to use the surface
waterways if he is going to have a stable society, it
is important that he not only diagnose the degree of
pollution which is present and what is causing the
poflution, but he also should find ways to prevent
or greatly reduce the severity of the effects of pol-
lution. For example, the discharge of a large vol-
ume of water through a single outlet into a river can
greatly disturb the current pattern. However, if
this water were discharged in a way to reinforce
the natural pattern, far%ess severe effects would
- result.

Recent research by many workers has shown
that trace metals may have a great deal to do with
what species become dotninant within an aquatic
ecosystem. In other words, mtrogen phosphorus,
carbon, et cetera, are important in determining the
number of orgamsms that a given body of water can
support, but various mixtures of trace élements
may determine what species are dominant. If these
species have high predator pressure the productiv-

ity of the system will increase. On the othér hand, if

they form nuisance growths it will decrease. For
this reason nutrient management of effluents may
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be an important way to improve streams rather
than have them degraded by organic discharges.
Conclusions: From this study it is evident that
natural aquatic ecosystems have a‘great deal of”
ability to cope with changing factors in the ecosys-
tem. This ability to maintain a continuance over
time is made possible by the large species pool with
short generation time so that species performing a
given function can change with given environ-
mental changes. )
There are also many feed‘pack mechanisms so
that organisms and subsequently nutrients can be
recycled through the system. There are also pres-
ent in performing each function, many different
species representing many different major groups
of organisms, orders, families, and genera. Their
diversity in ecological requirements for growth pro-

vides the system with a greater flexibility than if a\

single group of species performed a given function.
The integrity of natural water systems is high.
The important thing is that man learn how to man-
age the use of such waterways avoiding overbur-
dening them so that the aquatic life in the streams

is able to carry out natural cycling processes and

assimilate wastes.

DISCUSSION

Chairman Guarraia: I think the point you raised
concerning the diversity of popufations bears out
what many people have done in microbial systems
to show the relationships, and I'm thinking specific-

Merita in Oregon in this line. It is certainly very
exciting. Are there any comments? -

Dr. Goutant: To carry on the debate a little blt in
a bit of a diffefent vein, one of the problems we
seem to have 1s identifying what communities go
with what combinations of physical’ and chemical
characteristics.

I'd like your opinion on our ability to take a na-
tional census, if you will, of water quahty data,
physical and chemical primarily, that is being
gathéred now and_ has been gathered in the past
and to couple that with usually completely
unrelated ecological surveys to develop a list of spe-
cies plus other things.

Do yol think we could come to the point of being
able to marry the physical and chemical data with
the biological data and say, if you have this list of

" physical and ¢hemical conditions, this is the kind of

ecosystem structure you wind up with. Do you
think we're near that? Do you think that would be a
fruitful approach?

Dr. Patrick: I think to take completely different
chemical and physical data from biological data and

.

¢

. ally of some of the work that has been done by Dick *
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try to match them when they aren't collected at the
same time is rather frivolous. It shouldn’t be done.

We have done a great deal of work using the com-
puter to monitor and we have found that if you take
one chemical such as nitrate, and try to relate its
concentration to a given species’ flux in population
size, in most cases you won't get it. But if youtake a
matrix of chemical and physical factors such as ni-
trates, phosphates, and certain trace metals, you
can predict that you will have a diatom community.
But we don’t know how to do the matrix attempt
completely yet, although we .have had some
sucgess. ]

Dr. Coutant: This is really why I asked the ques-
tion, too. I know you're having some good luck in
matching things in individual experiments, you
know, the two simultaneously, but again, being a
little bit pragmatic in saying we don’t have that
ideal conditioh for most of our rivers and lakes and
estuaries, but we do have a f3irly good inventory in
some places at least. Historical datashave been

“gathered over the years, some of it well 1}rrelated
and some of it not very well corr <"And you
just have to hope that, somebody will put all of this
together somehow in some magical model and be
able to know what goes with what. But that’s a big
job.and I wondered if you had opinions on that.

Dr. Patrick: It's a terribly big job: and of course
you know better than I that the methods of deter-
mining things differ so at different laboratories.

We've just published a study of the history of the
Delaware River. By taking a number of chemical
parameters and not trying to define the situation

. too carefully, we can see certain shifts like the.

migration of shad, and the shift in the productivity
of the estuary, roughly correlated with BOD,
oxygen, nitrogen, and phosphorus, but it's very
rough. ’

I think it is just like asking a doctor to take a tem-
perature one time, do a cardiogram at another
time, and do other analyses at still different
times—and-then come back with the state of your

" health.That’s pretty difficult.

Comment: I might add one thing. Under part of
the law that we're talking about today, the 304-307
sections, EPA as a regulatory agency is going to
require the industry or the manufacturers of mate-
rials to provide certain informatiofy on these mate-
rials to determine their environmental capability.

I think it was pointed out yesterday, this all ties
into the integrity, and if we can tie this together
with our mathematical models and get them to pro-

- vide the information to go into the models and the
impact on the various species and the functions of
the ecosystems, then those materials that are being
produced in the future will have this information.

@
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And someplace along the line we're going to have
to go back and screen some of it, the materials like
toxic metals, the ones that are already in the
environment, and find out how they fit into such a
system and what their impact is. I think we are
looking and working toward being able to bring all
this information together” about our aquatic eco-

(systems.

Comment: A number of people around the coun-
try have been trying to develop in one form or an-
other a water quality index to be used for meas-
uring, as we proceed into the future, whether or
not all these wonderful things that we're doing for
these millions of dollars are having any real effect
on the quality of our waters. Most of the efforts
that I'm acquainted with have been along the lines
of utilizing the traditional chemical parameters of
water quality or physical parameters, composited

‘into some kind of an index.

More recently, I've heard some discussion of the
possibility of using biological measurements for this
purpose. Do you see any hope for this being a'real-

ity in the relatively near future, particularly for the

purpose of communicating with the laymen, with
the public at large? What our water quality prob-
lems are and what kind of progress we're making?

' Dr. Patrick: We have already done this. We have
model diatom communities, and in various papers
that I have written we have determined ho'y far, we
can continue without ,severely altering natural
communities. ’ .

Typically, a normal curve is a model of a diatom
community. Now, if an extension of a length of the
curve occurs without redueing the height of the
mode, and sigma square increases, you know that
organic enrichment of the water has occurred.

By different shifts in the diatom structére—I
won't go-into them all now—we can tell roughly

. what kind of pollutant and what degreegpf pollution

is happening in a given stream. We cdn measure
very finely. Of course, anybody can go out 3nd see
if there are diatoms in the stream, and if there is a
blue-green algal 6+ cladophora bloom, and be able.
to say that the stream’s polluted. You don’t have to
go to the more refined methods to determine gross
pollution. But the importance of this method is that
it tells you trends before they become severe, and I
think that’s the kind of monitoring that we must
establish in this country.

We can’t get all the answers before some pollu-
tion occurs, but we must set up a monitoring net-
work that has meaning, and that we haven’t done so
far.

to that. At the present time, the CEQ and EPA and
USPHS are funding a study tolook at the different

Comment: I'd like to add an additional comment(

- b
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types of indices that are available and see if we can
come up with sorhething that may be used in a na-
tional sense.

It’s obvious frem past experience, that this is not
an easy thing to do. We are attempting to look at
that now and also, in another sense, within EPA
we're now conducting a study on environmental

measurements. To take a look, not only at the

water aspect, but at the air aspect. We're doing this
at the request of the Administrator because of the
different things that are coming to the forefront.
For example, now we're doing major economic
studies on the effects our regulations and standards
are having on the economics of industry and the dif-
ferent types of things that they are doing. And also,
requirements for the sewage treatment.

So, we're hoping to take a look at these things,
and I myself am working on the study as are some
of the other people here today. So we will definitely
look at the potential for using biological indicators
and we're looking at this in a context of a national
system, and in a trend system.

Obviously, it's not an easy thing to do, because
“we also have to look at the pragmatic approach that
Chuck talks about, with money and manpower. I
. know Dr. Patrick’s system is a very fine system and
I think one of the problems is that there are not too
many people around who are able to look at diatoms
and make predictions that you're able to make.
Maybe you could respond to that.

Would there be enough expertise available so
that we could use it as a predictive type model? For
example, in our reports to Congress and to the
public?

Dr. Patrick: I'd like tp’respond to that  two
parts. One is-that I thikk, for the general public,
there’s the attitude that one person in ecology can
do everything. And I'd like to go back to my an-
alogy of a doctor. Anybody can take your tempera-
ture, and if it’s up to 104, you know you're sick. If

‘
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it’s only 100, you may not be quite sure that you're
ill. You can be very 1ll but the #lness doesn’t ex-
press itself.

What I'm trying to say is that just as in medical
treatment, you get what you.-pay for. The more
thorough and competent the examination, the bet-
ter the diagnosis. The more you try to reduce
things to a single number, the more you lose in the
measurement. ’

The important thing is to know the spectrum and
the questions. To answer you, if you want to
roughly know whether a body of water is going
downhill, take a few measurements; it’s just like
taking your temperature. You could do a diversity
index; anybody could do that, you don’t have to
know species, only recognize differences. And you
can make a diversity index which can roughly say,
this is different from that.

But, if you want to know if one or another kind of
pollution is present, you have to do dther things.

Maybe you have to analyze it to see if it's radio-
active, if you're interested in radioactivity. Algae
rapidly accumulates radioactivity. Or you may have
to do studies on heavy metal content, or look more
closely at the community structure.

I think it depends on the degree of information,
its accuracy and completeness that you want.

As for dlatom people, we could easily train peo-
ple, in fact we're training a lot of them in about a
year to do this kind of work. And we have other

" kinds of measures which are quite good, not as good

as the model, but what we sometimes call a semi-
detailed readmg ofa commumty whlch is done very
quickly, in a few hours.

So, I think, again, it all depends, and Idon’t think
you ought to try to come up with any one way. In
other words, you ought to have different deg’rees of
information, just as we do for medical examina-
tions, depending on your questions.

"
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Ifirst read the prowsmns of the Act pertaining to
restoripg and maintaining the blologu'l”
waters 1mmed1ately after reading about the bluefin
tuna situation in the North and South Atlantic
Ocean. The report.by Frank Mather of Woods Hole
Oceanographic Institution, published in the bulletin
of the International Game Fish Association in 1974,
tells about the imminent collapse of the bluefin tuna
fishery that has been a staple commercial fish, both
in the Atlantic and the Mediterranean, since before
the time of Ghrist.

As recently as the 1960’s the catches of this spe-
cies made by the Portuguese, Spanish, Moroctan,
Norwegian, German, and .American fishermen
were in the 10,000 to 20,000 rarige per catch. But in
1972 and 1973, some net’s took only one or two fish,
and some compames or fishing organizations took
. only 1,500 or so fish in a whole.year’s tifje.

One catch of 11 fish averaged 1,040 pounds per
fish, which should make some fishermen in the
audience open their eyes a little bit this early in the
morning. But the.total weight of that one catch was
only 55 tons, whereas the same people with' the'
same nets earlier had been taking 150,000 such fish
in their catches. \

Obvmusly, that fishery is in a state of collapse )

* and it-is probably due to over-fishing. There. are
three reasons for thinking so. But, here is a bi
cal integrity problem that fits Webster’s defin on
- I immediately began to wonder, “Will the EPA Ad-
ministrator develop and pubhsh information on:the
_ over-fishing factor which is just as important, in

many respects, as some of the other factors he has

to think about?”

Along about that sarhe tlme, I heard Dr. Betty
Willard of ghe Council on Environmental Quality
speak befo
neers, in Montreal. In essence, I think I heard her
say tRat a lagk of integrity may mean an imbalance
among the chemical, physical, and: biological ele-
ments of an ecosystem that threatens the vitality
and prmiuctwlty of some, or all, spemes of tHe sys:
tem. It may meaga dlsruptlon of the biological sys-

' tem to the point where }t can’t support the organ-_*

isms within it any longgr She said, too that-many -

integrity of .

the American Society of Civil Engi- .

generations may be required to restore the produc-
tivity and complexity and stability of this system.
Well, the words “imbalance” and “disruption”
and “stability” held me up for awhile because, to
The, the biological world is full of imbalances and
disruptions and instabilities. It is constantly alter-
ing its makeup, its inputs, its outputs, its propor-
tions, its internal relationships, in response to a
host of outside and inside factors.
- Many of these factors are not manmade in any
way. So, what are we thinking about in talking
about integtity? A changeable situation, appar-
ently. Are we really trying, in‘response to a legal
directive, tostop the world and freeze its action like
a orie-shot frame in a motion picture? Or are we
trymg to hold a pitture, or situation, forever static
in accord with what we think the world ought to be
like? I sometimes think we are, and I sometimes
think that’s not the way to do it. At least, we can’t
-achieve our goals very well if we have that in mind.
If we're to talk about the factors necessary to re:
store and maintain figheries, we have to have some
. goals to work toward, some idea of what we want to
"achieve. What fishery levels; for example, to re-
store or t4 maintain.
There’s much information avaﬂab]e now, on both
“the total tonnage of fish present in the lakes and

streams of thé United States and the yield from =

those fish populations each year. Isaac Walton
knew very well that he was catching his biggest fish
in'‘the st that drai the richest valleysin his
~country. Now we can d ekt that with all kind
of facts and figures. We can digcuss the waters o
New Brunswick that ‘flow ovek rather insoluble
rocks and have very few nutrients_in them. They

* contain a total fish population of anywhere from 17

tp 36 pounds per acre.

The waters of northern Michigan, as reported in.

tie Niterature, ‘drain from very porous and sterile

sandy soil .and have about 38 pounds of fish per:

acre. In contrast; the ayerage of many Minnesota
lakes, in more fertile soil surroundings, reaches 150
pounds-per acre, 4nd in central Illinois, the flgures

re around the 600 pound per atre total weight of
f h. Fertile land produces fertile water and fertile

“r



)

166

water, of course, would produce the greater total
food chain and more fish.

The same is true in our estuaries around the
fringe of our continent and it’s true in the ocean
waters whére upwellings of fertile water from some
of the depths are conducive to greater plankton
production. That’s where the biggest fish tonnages
are harvested too.

The amount of life in the water depends not only
upon the dissolved nutrients, but in addition, the
rate of fish production is also governed by water
temperature and sunlight. A lake in northern Wis-
consin, for example, can give up as much as 20 per-
cent of its carrying capacity of fish in 1 year’s time
without reducmg the total poundage of fish in the
lake. A lake in southern Louisiana can produce 118
percent of its carrying capacity in 1 year’s time. It
‘recycles thmgs faster.

These carrying capacities are not firm and fixed *

and yields aren't either, of course. They vary from
year to year in adjustment to many factors. The
winterkill situation in the lake states offers an
example. When winter snows cover the ice and shut
out sunlight and prevent oxygen production, event-
ually the decomposition of the bottom robs the shal-
low lake’s volume of all of the oxygen. That may
drastically reduce the fish population in those lakes
and, of course, reduce the yields too, either to the
commercial fishermen or to the angler. But the sur-
vivor fishes, and there generally are survivor fishes
of a few species, make remarkable increases in
growth rates and they get that lake back up to its

_ productive limit very quickly.

The productive capacity varies in regardsto an-
other factor, too. Lake Senachwine -in Illinois
varies from 3,000 acres one year to 6,000 acres the
next because of the water level fluctuation. But its
carrying capacity remains between 50 and 55
pounds per acre, no matter what the size of the lake
is. That is the conclusion of the Illinois Natural His-
tory.Survey a few years back. The total tonnage of
fish goes up and down with the total acreage, but
the carrying capacity per acre remains #bout the
same.

There are other quantitative manifestations that
bear mention. A prairie lake undér fairly fertile
conditions may contain, if it is managed in one way,
200 to 300 pounds per acre of game fish species. Or,
if the Take has a mixture of game fish and rough fish
species, the total poundage per acre would be closer
to 600 pounds. If it had rough fish only, like carp
and buffalo fish, the total peundage would probably
be closer to 1,000 pounds per acre.

The latter fish, the carp and the buffalo, utilize
the nutrients in the water on the bottom much more
directly. The game fish, at thé peak of the-food
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chain, produce fewer pounds at that peak. If we are
to think in terms of integrity and have goals to
reach, which goal do we want to reach? A given set” -
of conditions produces not only a given number or
weight of individuals in a lake, but also détermines
what species are in tha lake.

Pristine waters of large size are usually low-in
nutrients. They are clear and cool and they will
héve lake trout and whitefish, perhaps only 1 or 2

. pounds per acre. Lakes with greater nitrogen frac-

tion amounts and phosphorus compounds plus car-
bonates, sulphates, chlorides, and many minerals,
will have a bass or bluegill type population, or a
walleye and perch grouping, or a bullhead and
green sunfish grouping. Carp can’t survive well in a
lake trout lake and lake trout wouldn't live in ‘crcarp
lake. The quality of the water determines what spe-
cies will be there, too.

Bringing man into the picture adds another whole
set of factors. The hatural ponds in Alabama, onthe ..

*avhole, produce 100 to 200 pounds of fish per acre
per year. When the disciples and descendants of
Dr,Swingle stepped in, the fertlhzed ponds in Ala-
bama began to produce 500 to 600 pounds of fish per
acre per year.

Putting a dam across the Green River in Wyom-
ing and Utah to produce Flaming Gorge, or across
the Colorado River to create Lake Powell, elimi-
nated many miles of stream habitat for native river
fishes. Of course; that was regretted and objected
to, but those dams afforded water for development
of excellent rainbow trout fisheries and large-
mouthed bass flshmg Now, who' is to judge the
comparative values in the two sets of conditions?
Which integrity do we want to hold?

There’s another question that comes to mind:
how far dgug expect to go in the restoration effort?
During many years as Federal Commissioner on the
Ohio River Valley Water Sanitation Commission, I
was always fascinated by the descriptions of-the
Ohio River and the valley, in Rafihesque’s day, in
the early_180(’s. I look out of my car window, or
tow boat window, or my hotel room window, about
175 years
like now. The wording of the Act and the intent of
* the hearings give us the obligation of restoring that
river to its former condition. .

In literature, you can find references to the terri-
fied reactions of Marquette and Joliet as they were
coming down the Mississippi River in 1673 and sud-
denly came to the point where-the Missouri enters.
They were faced with a flood of enormous propor-
tions coming in from the Missouri River. They had
never seen anything like it. The Missouri's swift
current and sjltiness fascinated Lewis and Clark in"
"1804-06. The¥e was an integrity to that river; it had

.« 162

ter and see what the Ohio River looks - o



-

BIOLOGICAL INTEGRITY —A QUANTITATIVE DETERMINATION

its own fish population; it had a balance within
limits, a range of conditions. Some of the early
human residents on the ypper part of the river used
the fish. Is that-the kind of integrity we’re supposed
to restore? Should we knock out those six dams on
the[iupper part of the Missouri and go back to the
way things were?

I think that guidelines have to be worked out and
I'ns groping for some. In my vague way, I'm really

' searchmg for some bench marks that we must have

to guidg us in restoring and maintaining what is
called #he blologlcal integrity of waters, keeping
the fish populations in mind.

In nature the balance, or integrity, is a changing
thing. What manifestations of the balance do we
choose to be our objectives and goals? That sant
Missouri River was so loaded naturally with phos-
phates that I recall Dr. Tarzwell, back about 1949,
fearing that when the dams went in and the current
was stilled and the silt was dropped, and the
‘waters cleared, and the sunllght began to do its
work, we would have the most “blooming” river
anywhe{e on the continent. It was a possibility; it
didn’t happen. '

The droughts of the middle 1930’s through the
prairie country eliminated whole lakes and stream
systems and their fish, too. The lake beds were
sometimes farmed. When the rains returned, the
productivity of those lakes and streams was unim-
paired. It might have even been enhanced.

We wouldn’t like to have a norm involving such

" fluctuations, but they have to be considered. Going

far back into history, the changes in elimate have
forced a retreat of several species of fish, hundreds
of miles from where they once were, back to the
northeast, where they now live. Even before, in

.early. Plelstocene times, the advance of the 1ce\§

sheets forced brook trout down into southern parts
of the United States, into southern Missouri and
Arkansas: Do we keep these thmg@m mind in talk-
ing about natural characteristics or mtegrlty of our

. fish population?

~

In more recent times I recall that the forest fires
in northern Wisconsin released nutrients from
those burned watersheds into the headwater
streams of the northern part of that State and ap-
parently had a hand in fostermg the development of

“tremendous stands of wild rice, or at least comclded

with the stands of wild rice.

But the growing up of watersheds, under tlght
fire protection, now has coincided with thg demon-
strated impoverishment of those waters, and a
complete disappearance of wild rice. Which degree
of mtegrlty do we want here; which condition do we
want to restore?

Id feeretter if an administrative conclusion

)
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were reached that it is the influence of man we're
talking about. Our goal is to nourish our waters and
watersheds and their water inhabitants bBack as
closely to the pattern of variable conditions that
existed before man’s influences became so para-
mount. Despite the vagaries and shifts of these nat-
ural conditions, they did produce resilient and di-
versified animal- and plant communities. These di-
versified communities accepted the whole spectrum
of thange as a natural thing; they lost a few individ-
uals and, occasionally, a few species. In other times
and certain situations, maybe more individuals
were gained and species were added. A permanent
and unchanging period probably never existed, and
a stable, maximum fish production, or fish popula-
tion, probably never existed either.

There was a pattern of factors that held true over
long periods of time, and this pattern we should
keep, seek to restore. Determining these factors
ind ranges. has been a big research task. We're not
finished with it; the details are not worked out well.
A lot will be done in the next 7 to 10 years by pri-
vate organizations, academic institutions, Federal
and State agencies, to work out the details that
we’re seeking right now to answer some of these in-
tegrity questlons

There is a point that I’ would like to make. It is
agreed by fisheries professionals that many of the
factors bearing on the welfare of fish populations
are applied at some distance from those fish popula-
tions, or from the waters in which they live. I think
you all know this, but I noticed you had an acquaint-
ance here who talked about channelization.

Agricultural practices on a watershed affect the
quality of water draining from that watershed and
also affect the fish in that water. That'is elemen-
tary. I think we can remember that wastes flowing
into the Mississippi River at Memphis a few years
ago affected the welfare of one species of fish 800
miles downstream. Very' clearly and not unex-
pectedly, the effect on the fish population appeared
where the stress was applied, at the mouth of the
Mississippi.

I'm wondering if the record of growing acidity in
New England lakes, particularly in Maine and New
Hampshire, might not be related to the change in
fuels now being burned in Pittsburgh. The jet
streams could be a transportation agent from® *
source to effect. 4 .

Also, some of the factors that have a bearing on
water integrity and on our fish aren’t visible at all.
A fish population doesn "tthave to be killed outright,
it doesn’t havg to give evidence of immediate death
and float downstream or ashore, to be extermi-
nated. The fish population can be stopped in its re-
productive efforts or in its ability to convert from

//‘
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fresh water to saltwater, as in the case of salmon,
and therefore, die out just as surely as if it were
killed immediately from some acute factors in the
environment. The factors producing chronic effects
are just as important as those that produce the im-
mediate, visible, acute effects. They are much less
spectacular and a lot harder to work out.

I would like to mention one development that L
was quite interested in while I was working with
the National Science Foundation gThe University of
Texas Marjne Science Institute al®Port Aransas has
created and tested a method for assessing the ef-
fects of natural and manmade changes on the es-
tuarine environment and it has applied that method
to the Corpus Christi area. The State government
is using this method and several other related
methods to evaluate changes and to manage the de-
velopment of Corpus Christi's coastal area.

The Marine Science Institute has established
three data banks: one on the distribution of hydre-
graphic features and the nutrients and-other mate-
rial contained in the water or in the sediments; an-
other on the life history, the food preferences, and
the environmental limitations of the estuarine or-
ganism; and a third on the commercial d‘nq sport
fishing catch and effort in that area.

The total catch of fish in, the gulf;for 1973 was
about 1Y billion pounds. Of that total, 485 million,
or 30 percent, was sport fish catch. These fish, this
tonnage, came off the continental shelf and inshore
coastal areas. This gives a good indication of the
coastal fertility and productivity of those waters.

By measuring the dynamics of Corpus Christi
Bay and providing information on how man’s
changes in those areas, through shoreline develop-
ment or waste discharges, are affecting those bi-
otopes, the investigators and ‘the regulators are
getting a good idea of how the chariges are affecting
the productivity of their whole system. They now
know which factors are the ones that have to be

" watched.

This has been a very general discourse. As I
come~to the end of my thoughts on this subject, I

think about developing an action program once we

have determined our goals We may not have our
objectives quite clearly in mind yet. Our Course of
action certainly won’t be direct. I do think profes-
sional decisions are not all that hard to reach today
and that we ought to make a few of them and let the

legislators and the water users and citizens know

what the professmnals think, then let the political
and economic and soci) processes begin to respond.

- |
DISCUSSION
Comment: I've spent my life in this husiness. I've
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been grappling with this business of integrity and »

what we want or don’t want. So, this morning be-
fore the meeting I took a shot at writing the defini-
tion and I'd like to ask Mr. Johnson what he thinks

of it. Here it goes in its rough form: -

Water may be said to have infegrity when it di- °
rectly serves the needs of man and indirect]y serves
the nee®s of man by serving the needs of fants and
animals that are important to man, by enhancing
man’s food and preserving a good and healthy en-
vironment in which man can live well over thou-
sands of years. .

In other words, water bemg inert has no integ-
rity as we think of humans havmg integrity; it has a
function. I think that man has risen to a pou'}1
this earth because he had brains and could think
and other things couldn’t. I think it's not too self-

" centered for man to make use of what is available

for his own benefit.

Mr. Johnson: I certainly appreciate hearing that;
it covers the waterfront and many Water uses. I
don’t have any profound éomment to make.

Chairman ‘Frey: I think that one of thé very im-
portant things that Ray brought ont is that we can’t
think of a status quo without thinkimg of the in-
herent changeability that’s in the system anyhow.
So whatever definition or principles are ‘adopted as
guidelines they’re going to have to take cogmzanéé
of this natural changeability that is in the system in
response to naturally occurring stresses outside.

I also personally feel that his empha315 on the
additional changes imposed’ by man'’s actlvmes
stresses the ones that we are going to have to Zéro
)n on and, quite p0551bly, the ones that are inherent
in the intent of the law. Maybe someone would care
to raise opposition to that and engage Ray and me
in combat. *

Comment: I would, sir. 'In major engineering
works, whether they’re for Federal, State, local, or
‘private purposes, we are imposing now {or are con-

fronted with, depending on which side of the table~ "

you sit in the planning process) a reqmrement for
an environmental impact statemént 4r environ
mental assessment; one of the requirements in thlb/
matrix is to show that there’s no deg’radation.&r, if
there is to be degradation, that it is qRantifiable,
and further, to, show that other alternatives were
considered.
Thlmposal that you are making offers the
least. Now, if we as professionals are unable to
quantify or to set a time frame, how can a major de-
velopment such as the Cleveland Airport expan:
sion, or the Transit Authority, or the Alaskan Pipe-
line do this? How can this cest be levied on a reason-

able, equitable, cost sharing basis? ) :
Is it the man who comes first and says, “@
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piece of ground is to be converted from a natural
state for my purposes, therefore, 1 bear the cost.”
Or, are the people who come later to Share to be
charged a user charge, or, in the case of private in-

- dustry, do we demand that all of the money be put
on the tz;)mnd say, “You want it, you pay”? How
can this e? . .

Mr. Johnson: {n many ways under many dif-
ferent conditions, I preéume.-I was part of the Alas-
kan Pipeline effort, and I hate to think of the num-
ber of hours that several of us spent on that
environmental impact statement on behalf of the
Department of the Interior. In looking back on that
one particulareffort, I'm glad there was a delay be-

169
cause the engineering wasn't right in all respects.
Corrections in design have now been made. <=

On your cost question, I don’t have a good ans-
wer, but this kind of question is'usually answered
by three different types of inputs, finally somehow

reaching some kind of a tripod agreement: the bio-
logical and’natural history input, the economic and

social input, and the political and, administrative in-

put. Those three will have to get -together and
shape the decision on any one of these problems
that you have raised. They may be different deci-

sions in each case, but the process may rem in
about the same.

~
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and State University - ° ‘
Blacksburg, Virginia < .

-

Biological integrity may be defined-as the main-
. tenance of the community structure and function
characteristic of a parficular locale or deemed satis-
factory to society. In this regard, two points de-
serve particular emphasis. First, the assumption is
made that all natural systems are dynamic and as a
result are characterized by a continual succession of
species, although the rate of successiop may be
quite different in different-systems. Thus, the pro-
tection of'a particular species, however valuable
from a monetary or.other value system, may be
counterproductive because it attempts to “freeze” a
dynamic system. The conflict between the protec-
tion of systems an_s%ghe pretection of species is dis-
cussed at length in Cairns (1975).

Second, standards based on this definition of bio-
logical integrity will be highly site specific. There-
fore, while the criteria (nameix maintenance of nor-
$hal structure and function) will' be the same
throughout the United States, thus maintaining the
equality before the law philosophy, the standards’
for each particular locale, even within a single
**  state, may be different. This merely recognizes

something that the Department of Agriculture has
recognized since its inception, i.e., ecological condi-
tions are not the same throughout the United
States and attempts to ignore unique regional eco-
logical conditions are stupid and doomed to failure.
This would hardly be worth saying were it not for
the fact that environmental legislation continues to
ignore regional differences probably because of fear
tof the complexity of the legislation which takei
these into consideration. However, it is almost cer-
tain that environmental quality control will be un-
successful until regional differences are acknowl-

' edged. -

STRUCTURAL INTEGRITY "

*/ 4> It iS not my intention to-attempt to discuss at
length the literature showing that natural commu-
nities have certain structural characteristics which

- — . '

“
. JOHN'CAIRNS, 4R. .
Biology Departmentand  ~ '
. Center for Environmental Studies
. Virginia Polytechnic Institute . = .

. l ,
may be depicted numerically. However, we are all
deeply indebted to such early investigators as Pres-
ton (1948), Patrick (1949), and others. Also worthy
of note is the equilibrium model of MacArthur and
Wilson (1963) which showed how community struc-
ture could be maintained despite the successional
process. In addition to the scientific justification for
the use of structural*integrity as a means of asses-
sing pollutional changes, there is also substantial
benefit in communicability of results, since num-
bers are more easily understood by nonbiologists
than an array of Latin names. . T

Only three basic kinds of information are pres-

“ently useful in the quantification of the structural
aspects objological integrity. These are (1) the
number of species or other taxonomic units pres-
ent, (2) the number of individuals per species, and
(3) the kinds of species present, Within this frame-
workare such things as spatial relaionships, den-
sity relationships, and various trophic relation-
ships. h

INDICATOR SPECIES . . ’ .

Biologists have long recognized that certain spe-
cies tend to be found in certain habitats and, there-
fore, thepresence of a certain species indicates that
certain ecological conditions exist and the absence

,of the species that these conditions do not-(assum-

ing the species ‘are-able to get there). This is, of
course, an oversimplification but space does not
permit a more detailed discussion. It was probably
inevitable that there would be an attempt to trans-
fer this reasoning to the’assessment of pollution by
stating .that certain species are found where pol-
luted conditions exist, others where, conditions are
semi-polluted, and still another group of species
where healthy conditio® exist. Unfortunately, pol-
lution covers a much broader range of conditions
than most habitats for which biologists predict with
reasonable certainty that eertain species will be
present.

~
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One of the principal faults with the indicator spe-
cies concept is that a species may be very sensitive
to thermal discharges but rather tolerant of a par-
ticular chemical toxicant or high concentration of
suspended solids, yet all are forms of pollution. A

more extended discussion of these weaknesses ir

the indicator species concept may be found i

_ Cairns (1974a).

However, if one has faith in the indicator species
concept, one may collect the species from a particu-
lar habitat or locale exposed to a*presumed pol-
lutant and dgtermine the number of species in each
of the various saprobic categories and either com-
pare these to a reference area not exposed to the
source of pollution or some other reference aggre-
gation of organisms. Using this approach, it is pos-
sible to get a quantitative comparison of one area
with another area. Proponents of the saprobic sys-
tem have provided increasingly sophisticated
analyses of the tolerance of various types of or-
ganisms.

Although I do not believe that sufficient informa-
tion now exists for most areas of the wogld to make
the saprobic system functional, it does seem possi-
ble that eventually a sufficiently large information
base will revitalize this assessment method. This
information base should include detailed informa-
tion, about the tolerance of each species as well as a
sufficiently large list of species to insure that an
appreciable number will be found in each and every
locale where assessments of biological integrity
might be made. Until the information base is
broader than it is now, the saprobic system does
not have general applicability. Since one probably

, will not know precisely what species are in a par-

ticular area untit they are collected, much valuable
.time would be lost if, after collection and identifica-

-

tion were completed, one found no saprobic desig-

nation for most of the species collected.

THE PATRICK HISTOGRAMS .

The histograms developed on the Conestoga/s:::
vey by Ruth Patrick (1949) and her colleagues at
the Philadelphia Academy of Natural Sciences rep-
resented a major breakthrough in the quantifica-
tion of the structural aspects of biological integrity:
The principal advantages of thismethod were: (1) it

displayed the number of species in_each of seven -

major categories graphically; 12) it provided a crude
means of distinguishing between' “normal” abund-
ance and “over” abundance; (3) it‘permitted detec-
tion of gross pollutional effects; and (4) its effec-

*stiveness was not markedly reduced by succéssional

changes or small differences in habitat, which
would be important if one were using species lists
alone. -= - ’ oo

v ’ .

S U -

The principal weakn¢sses of this method were:
(1) a highly trained te#m of specialists in different
taxonomic disei s was required and thus the
method was difficult to use on a broad scale because
of the lack of skilled specialists; (2) it only provided
four major categories of “health” and very often
the presence or absence of a few species might alter
the designation from one category to another (this,
of course, could be offset by an extended discussion
which would complicate the communication prob-
lem); (3) the time required to obtain the information
often extended to months because of the difficulty
of identifying certain species (of course, in an emer-
gency situation this could be substantially short-
ened, but nevertheless, the identification process
requires at least several weeks). One should re-
member that this method was developed over 26
years ago and it should be judged in the context of
its time—at that time it represented a major turn-
ing point in the quantification of biological in-
tegrity. -

A number of niethods followed which attemp
to reduce the number of the specialists required
and the complexity of the Patrick histograms and
retain the basic analytical thrust. Examples of
these are the methods of Beck (1954, 1955) and
Wurtz (1955). These latter methods combined
eléments of the saprobic system with the Patrick
method and concentrated on a relatively narrow
spectrum of the aquatic community in order to sim-
plify identification and analytical problems. It is
probably fair to say that they represented a varia-
tion on already established themes and not a con-
ceptual advance. The work of Gaufin and Tarzwell
(1952) and Gaufin (1956) on.Lytle Creek, based on
the same assumptions as Patrick’s, represented a
major contribution in the quantification of biological
integrity since it showed the quantitative and quali-
tative structural changes that occurred when an
aqua{ic-community had been severely stressed by
pollution and underwent a-recovery process.

BEAK METHOD

The method developed by Beak, et al. (1959) was
primarily*for lakes but might well work in certain
streams where there are one or two species persist-
ing for a substantial period of time in substantial
Jumbers, Essentially the method consisted of de-
tetmining .the density of one or more established
species in two concentric rings at different dis-
tances from the'waste outfall. Changes in propor-
tional abundance in these two rings indicated pollu-
tion since presumably there would be a concentra-
tion gradient proceeding away from the outfall in
much the same manner that ripples expand as they
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leave the spot where a thrown stone enters pond
water. . .

There are several advantages to this method: (1)
one does not-need a substantial amount of taxo-

nomic expertise because only a few species are in- .

volved; (2) the results are expressed on a graded
scale; and (3) the method provides for determining
with 95 to 99 percent confidence whether or not a
significant change doccurred. :

Among the disadvantages are: (1) the chance that
the organism or organisms one has selected may be
highly resistant to the _particular stress being as-
sessed; (2) the “noise factor” in density assessments
is often quite high; (3) one’s test species may be

. wiped out by some natural catastrophe and leave

.

one without any way of determining whether or not
pollutional stress has occurred.

&
PATRICK DIATOMETER

The diatometer developed by Ruth Patrick,
Matthew Hohn, and John Wallace (1954) repre-
sented a substantial advance irt the quantification of
the structural component of biological integrity be-
cause with the use of an artificial substrate, it sub-

stantially reduced the “noise factor” due to habitat’

differences and time of substrate exposure. In addi-
tion, it used a more sophisticated method based on
a log-normal distribution of species abundance de-
velopeq by Preston (1948). .
Preston (1948) showed that for a sufficiently
large aggregation of «individuals of many species,
the species-abundance relationship often conformed
to a normal law, after the individuals were grouped
on a logarithmic scale. That is, the observed distri-
bution could be graduated by
y=y,exp — (aR)* )
where y represents the number of species falling in
the Rth “octave” to the left or right of the mode, y,

is the number of species in the modal octa\{e,-ansi.

“a” is a constant that is related to the logarithrhic
standard deviation, o, by .

s

Preston’s original method involved grouping the
individuals into octaves with end points r = 1, 2,
4, 8 ... These end points were subsequently
labeled.l through R, the total numbey of octaves.
Those species that fell on a grqup e point were
split equally between that octave and the next
higher or lower octave. If an entire log-normal
population is censused the curve extends infinitely
far to the left and right of the mode and is sym-

a?=1/20% 2)
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metrical. As Preston (1962) pointed out, however,
species are not found infinitely far from the mode in--
either direction and he describes: an intuitively
reasonable method of determining the end of the -
real finite distribution of individuals and species.
Given then, a complete ensemble or universe, the
nature of the distribution can be ascertained. How-
ever, it is exceptional in ecological work that a com-
plete universe, or “population,” or “community,” et
cetera is fully censused and in most instances one
must be content to deal with samples from a uni-
verse (Preston, 1962). Provided that a sufficiently
large random sample can be drawn from the uni-
verse, the distribution will be truncated on the left,
indicating that there are additional, uncensused
species in the ense 7 although they may com-
prise only a relatively small percent of the total. To
census these species: (i.e., to obtain the universe)
would require extraordinarily large collections
which, for practical purposes, would be out of the
question. However, provided that the sample is
large engugh to ascertain the mode of the distribu-
tion, both y, and o can be determined and thus, the
extent of the complete, untruncated log-normal dis-
tribution (i.e., the number of species in the uni-
verse). Deducing the universe from a random sam-
ple is carried out by means of internal evidence at
hand and not by an external assumption; the uni-
verse we deduee is based on the nature of our sam-
ple (Preston, 1962). .
Species-abundance relationships are based upon
two fundamental types of data: the number of spe-
cies in the community or universe and the relative
proportions of individuals among the species. For
purposes of quantifying these relationships it is
-. advantageous for the ecologist to be able to sum-
marize his data in one or two descriptive “commu-
nity statistics.” When the data conform to the log-

- ‘normal distribution, the obvious descriptors w
* be the logarithmic variange, 0%, and N, the ber

of species in the biological universe. Othe uitable
parameters are a, a measure of dispersion, and y,,
the height of the mode. The important point is,
however, that the species-abundance relationship
can be adequately summarized by one or two gen-
eral parameters which facilitates quantitative com-
pa.rison\of two or more communities.

'A number of difficulties arise if the log-normal
distribution is relied upon as the underlying theo-
retical relationship of species abundance. First, it
has not been shown to be sufficiently widely applic-
able to all types of biological ensembles, to date.
Preston (1962) cites numerous cages where the log-
normal is adequate and Patrick, et al. (1954) have
used this distribution to describe the occurrence of
diatom species in fresh and brackish water environ-
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ments. However, these are limited applications of .
the theory and do not confirm its ecological univer-
Jsality. Biological ensembles of relatively small ex-

- tent usually require other methods of quantification ,
since their distribution canfiot be. graphed with

* much success. * .

Secondly, a large amount of data must be col-
lected and censused, even for the truncated form,
so that the mode of the distribution can be exposed.
‘In some situations, this fact alone prohibits the use
of the log-normal distribution. Thirdly, the estima-
tion of the paramefeérs of the distribution, i.e., the
mean and standard deviation, is difficult although
computer programs for this purpose are available
(Stauffer and Slocomb; manuscript in prep.).

These are the primary reasons that ecologists
have turned away from this type of species-abund-
ance quantification in favor of methods that do not
depend upon the theoretical form of distribution of
individuals among species. Indices based on_in%e(r-
mation theory, although more difficult to*Visualize
biologically, have gained great popularity as de-
scriptive measures of community structure. De-
spite its drawbacks the diatometer method is one of
the soundest available for the quantification of bio-
logical integrity. The aquatic ecology group at Vir-

- ginia Tech has a substantial program designed to
reduce some of these problems (Cairns, et al. 1974:
Stauffer and Slocomb, manuscript in prep.). This
indicates our belief that the method is basically
sound and will continue to provide valuable infor-
mation about bioldgical integrity.

DIVERSITY INDICES -

The diversity ‘index is probably the best single
means of assessing biological integrity in fresh-
water streams and rivers. It is less effective and
may eSlen be inappropriate in lakes and ocegns. As
a screening method for locating trouble spots in
most flowing systems, it is superb! Unfortunately,
many investigators leoking for a single all-purpose
method, use it alone when an array of evidence iss
required. Betvare of the investigator who tries to .
use a single line of evidence of any type instead of
multiple lines of evidence to assess biological integ- *
rity. A brief discussion of diversity indices follows.

Diversity indices that permit.the summarization
of‘large amounts of information about the numbers
and kinds of organisms have begun to replace the
long descriptive lists common to early pollution sur-
vey work. These diversity indices result in a nu-
merical exprgssion that can be used to make com-
parisons between communities or organisms. Some
of these have been developed to express the rela-
tionships of numbers of species in various commu-
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nities and overlap of species between communities.

The Jaccard Index (1908) is one of the most com-
monly used to express species “overlap.” Other in-
dices such as tlie Shannon-Weiner function (Shan-
non and Weaver, 1963) have been used to express
the evenness of distribution of individuals in species
composing a community. The diversity index in-
creases as evenness increases (Margalef, 1958;
Hairston, 1959; MacArthur and MacArthur, 1961;
and MacArthur, 1964). Various methods have been
‘developed for comparing the diversity of com-
munities and for determining the relationship of the.
actual diversity to the maximum or minimupy diver-
sity that might occur within a given number of spe-
cies. Methods have béen thoroughly discussed by
Lloyd and Ghelardi (1964); Patten (1962); Mac-
Arthur (1965); Pierou (1966, 1969); Melntosh
(1967); Mathis (1965); Wilhm (1965) and Wilhm and
Dorris (1968) as to what indices are appropriate for
what kinds of samples. An index for diversity of
community structure afso has been developed by

- Cairns, et al. (1968) and Cairns and Dickson (1971)
based on a modification of the sign test and theory
of runs of Dixon and Massey (1951).

Diversity indices derived from information the-
ory were first used by Margalef:(1958) to analyze
natural communities. This technique equates diver-
sity with information. Maximum diversity, and
thus maximum information, exists in a community
of organisms when each individual belongs to a dif-
ferent species. Minimum diversity (or high redun-
dancy) exists when all individuals belong to the
same species. Thus, mathematical expressions can
be used for diversity and redundancy that describe
community structure. ° . 8 -

As pointed out by Wilhm and Dorris (1968) and
Patrick, et al. (1954), natural biotic communities
typically are characterized by the presence of a few
species with many individuals and many species
with a few individuals. An unfavorable limiting fac-
tor such as pollution results in_detectable changes
in commupity structure. As it relates to informa-
tion theory, more information (diversity) is con-
tained in a natural community than in a polluted
community. A polluted system is simplified and
those species that survive encounter less compe-
tition and therefore may increase in numbers.
Redundancy in this case is high, because the proba-
bility that an individual belongs tg a specieg\previ-
ously, recognized is increased and the amount of
information per individual is reduced.. -

The relative value of using indices or models to
interpret data depends upon 'the information
sought. To see the relative distribution of popula-
tion sizes among species, a model is often more
illuminating than an index. To determine informa-
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tion for a number of different kinds of communities,
diversity indices are more appropriate. Many in-
dices overemphasize the dominance of one or a few
species and thus it is often difficult to determine, as
in the use of the Shannon-Weiner information the-
ory, the difference between a community composed
of one or two dominants and a few rare species, ar
one composed of one or two dominants and one or
two rare species. Under such conditions, an index
such as that discussed by Fisher, Corbet and Wil-
liams (1943) is more appropriate.

FUNCTIONAL INTEGRITY

Only a limited effort has been made to asie;’; the
impact of pollutional stress on the functideing of
aquatic communities. Nevertheless, it has become
increasingly evident that approaches and methods
to evaluate the effects of stress on the functioning
of aguatic communities are badly needed. Func;
tional characteristics of aquatic ecosystems such as
production, respiration, energy flow, degradation,
nutrienf cycling, invasion Yates, et cetera are re-
lated to the activities of various components of the
aquatic community. The importance of these activi-
ties is obvious yet the availability of methods of
studying these activities is miniscule. ,
The importance of being able to evaluate the ef-
fects of pollutants on both the structure and func-
tion of aquatic communities has been recognized by
the Institute of Ecology’s Advisory Group to the
National Commission onsEnvironmental Quality
which has identified biological integrity as the pivo-
tal issue in the assessment of pollution effects.
Their definition of biological integrity (which this

author helped prepare) emphasizes both the strue-

tural and functional aspects of natural ecosystems
and communities. In addition, The Federal Water
Pollution Control Act Amendments (PL 92-500,
Sec. 304) states water quality criteria should reflect
the latest scientific knowledge on the effect of pol-
lutants on biological community diversity, produc-
tivity, and stability, including information on the
‘factors affecting rates of eutrophication and rates of
organic and inorganic sedimentation for various
types of receiving water.

In general, assessing the impact of pollution on
aquatic systems has been troublesome. Community
structure analysis has been preferred to investiga-
tions of function-in dealing with perturbation of
aquatic systems because its study is less time con-
suming, better understood, requires less effort,
and has become conventional. Community function
has been avoided because methods dealing with its
complex operation have been lacking. Further-
more, field studies have been hindered by fluctuat-

t
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ing environmental quality plus the fact that the
dynamics of systems are inherently more difficult
to measure than the components themselves.
Clearly,@here is a need for the study of aquatic
community structure. However, such studies pro-
vide incomplete information. Function must be
coupled with community structure investigations to
obtain a full understanding of the effects of pollu-
.tion relative to the health of aquatic communities.

Structural analyses in the form of species diver-
sity, species lists, and numbers of organisms have
not adequately filled the regulatory agency’s need
for information on the response of aquatic commu-
nities to pollutional stress. Diversity indices place
values not on organisms which may be present in
small numbers but on those which perform vital
functions in the maintenance of community integ-
rity. The symptoms of pollution may be masked by
shifts in the dominance of some community mem-
bers without substantially altering the diversity. It
is also difficult to establish whether these shifts or
changes are beneficial, detrimental, or indifferent.
Because identical assemblages of organisms never
reoccur in natural systems, there is no “true nat-
ural fauna” which remains constant through time.
The high functional redundancy of communities
makes it, possible to lose one or several pollution-
sensitive species and still maintain adequate func-
tion. Species lists and numbers give little informa-
tion other than what is present in an aquatic
community at any point in time. .

Function, however, provides better insight into
the interaction of populations, the cycling -of en-
ergy, and nutrient exchange in a community.
Ideally, any studies of communities affected by pol-
lution 'should include both structural and functional
assessment, as well as the possible interrelation-
ships between the two components. )

. Although there is no body of quantitative
methods for the assessment of the functional in-
tegrity of biological systems there are a pumber of
possibilities. A few examples of these follow (if I
have left, out your favorite method, don’'t write to

me, use your energy to perfect its application in the

determination of functional integrity).

.

PROTOZOAN INVASION RATES

It is possible that a determination of the invasion
rate of a protozoan-free substrate placed in a fresh-
water lake or stream may alone be sufficient to esti-
mate the degree of eutrophication; if this is the

-

case, a rather easily carried out assessment requir- - T~

ing_only a.few days will be* available. It is also
highly probable, however, that additional useful in-
formation will be gained from determining the time

170
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to reach equilibrium even though this may require 2
or 3 months in some cases.

Since.1966, Cairns and a number of associates,
(principally Dr. William H. Yongue, Jr.) have been
carrying out investigations involving.the coloniza-
tion of polyurethane foam anchored in various por-
tions of Douglas Lake, Mich., (e.g., Cairns, et al.
1969, 1973; Cairns and Yongue, 1974) and other sec-
tions of the country ranging as far south as South
Carolina (Yongue and Cairns, 1971). The purpose
was to study the MacArthur-Wilson Equilibrium
Model of the point at which the colonization rate is
in rough equilibrium with the decolonization rate. A
few years ago, when looking over the assembled
data from 1966 through 1972, it became evident
that the time required to reach an equilibrium be-
tween these two rates had been steadily decreasing
in Douglas Lake, Mich:, from an initial period of ap-
proximately 8 yeeks to a period of approximately 2-.
weeks in 1974,

Examination of colonization rates and the time
required to reach equilibrium from other locations
strongly suggested a correlation between the de-
gree of eutrophication of the lake or pond in ques-
tion and the time required to reach equilibrium.
Cairns (1965), in a year-long study of the Conestoga
Basin carried out in 1948, noted that the initial re-
sponse of a freshwater protozoan community to in-
creased nutrient loading was to increase both the
number of species and the number of individuals
per species. Further increase in nutrients might
then lead to a decline in the number of species, but
not necessarily the number of individuals. This has
subsequently been confirmed in a number of situa-
tions. -

ZOOPLANKTON Pmsxouoc‘é
AND REPRODUCTION

4

In a time of increased power demands, more and
more power plants are being constructed. Since
large volumes of water are used for cooling these
plants considerable attention has been focused on
their effect on aquatic populations, especially fish.

.

Very little work has been conducted on zooplank-

ton, and many of these papers do not examine the
interaction of temperature changes, chlorine, and
physical damage. Most of these studies are only on
acute mortality. Chronic studies are virtually non-
existent (Bunting, 1974). Various methods have
been proposed to examine the effects of entrain-
ment but no studies have been done to determine
effectiveness and interrelatedness of the methods.
Such parameters as zooplankton physiology and
reproduction might be useful in estimating the
functional integrity of zooplankters in lakes near
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power plants. For example, oxygen consumption
rates, ATP, and lipid concentrations could be
changed. Filtering rate of zooplankters rhight also
be determined by comparing algal counts at time
zero and after a defined period of time (Buikema,
1973a) using the equation

FR.=v logwco - 1°g10cn
Ingoe

+
L4

These factors all affect reproduction rates (Bui-
kema, 1973b) which could be quantitatively as-
sessed in a relatively short period of time. Because
many zooplankters migrate vertically in response
to changesin light intensity, such functional assess-
ments as rates of migration (Gehrs, 1974), response
thresholds, et cetera could be useful.

FUNCTIONING OF BENTHIC
MACROINVERTEBRATE COMMUNITIES

Methods for the assessment of benthic macroin-
vertebrate community function have unfortunately
lagged far behind the development of those for the
analysis of community structure.

A great body of literature has been amassed re-
cently, firmly establishing the energy supply of
many running water systems as largely heterotto-
phic (Minshall, 1967, 1968; Vannote, 1970; Fisher,
1971; Hall, 1971; Kaushik and Hynes, 1968; Fisher
and Likens, 1972; Cummins, 1972, 1973; Cummins,
et al. 1973a, 1973b). Detrital-based ecosystems
have been shown to be largely dependent upon lit-
ter from their terrestrial surroundings for nutrient
input and even the evolutionary dispersal of in-
sects (Ross, 1963). The processing of dead organic

material passing downstream through a stream

ecosystem is largely a function of primary decom-
position by fungi and bacteria {Iversen, 1973), and
the selective feeding on detritus by invertebrates
following microfloral colonization and conditioning
(Petersen and Cummins, 1974).

Aquatic macroinvertebrates are important com-
ponents in food webs of aquatic systems, being pri-
mary and secondary consurpers, and' serving as
food sburces for higher trophic levels. Very little in-
formation exists on the functioning of macroinver-
tebrate communities, and even less concerning the
influence of pollutionzl stress on feeding patterns of
invertebrates. The loss of an individual in a commu-
nity with a partiéulaxﬁeeding pattern due to pollu~
tion and jts effect on community function have not
been investigated. More studies to develop meth-
ods for the assessment of macroinvertebrate com-
munity function are needed.
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Identification of the importance of the major bio-
logical components in the process of reducing the
initial detrital biomass could be accomplished by
artificially selecting against specific components in
simultaneous parallel experinients, e.g., according
to their size. Eyaluation of the importance of each
of the components can be based upon a number of
parameters including:

a. Standing biomass.

b. Calorific equivalents.

c. Efficiency of energy utilization.

d. Size of food particles required.

e. Specific interrelationships between the com-
ponents.

If simultaneous parallel experiments are con-
ducted concurrently under experimental (stressed)
and control (absence of stress) conditions, patterns
of the impact of stress should emerge.

~

AUTOTROPHIC AND
HETEROTROPHIC FUNCTIONING

The autotrophic and heterotrophic components of
aquatic systems have a vital and essential role in
the regulation of the functional activities of aquatic
systems. These two components of aquatic com-
munities are intimately .involved in nutrient cyel-
ing, energy fixation, and energy transfer. In order
to understand and predict the functional capabili-
ties of freshwater flowing systems, it is obvious
that methods must be evaluated which allow a bet-
ter understanding of the gbove activities.

_,The energetics of freshwater flowing systems de-
penfl upon two sources of carbon—carbon fixed in-
terdally via the photosynthetie activity of the auto-
trophic community and carbon which enters the
system from the terrestrial environment (i.e., al-
.lochthonous material —leaves, et ceteral. The utili-
zation of either of. the sources is generally the rate-
limiting step in the total energetics of the whole
aquatic system. In addition, the availability and
utilization of essential inorganic nutrients in fresh-
water ‘lowing systems are governed to a large
extent by the autotrophic and heterotrophic com-
ponents. While the autotrophic and heterotrophic
microbial communities are {requently not studied in
evaluating the impact of stress (pollution) on flow-
ing systems, they have been shown to be sensitive
and reliable indicators of environmental perturba-
tion (Cairns, 1971). The reason that they have not
been utilized extensively in pollution assessment in
the past has been directly related to the difficulty in
measuring their structure and function. However,
it is essential that approaches be.déeveloped which
allow us to understand and measure the responses
of these vital components of aquatic systems. )

|
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A. Nitrogen Cycle—Procedures pernﬁﬁg an
evaluation of the process and role of the nitrogen
cycle in flowing fresh water should be further de-
velopedp although some excellent references are
available (e.g., Brezonik and Harper, 1969; Klucas,
1969; Kuznestor, 1968 and Tuffey, et al. 1974). The
ability of microorganisms to enzymatically trans-
form one chemical species into another is well

known. For example CO, is reduced to organic
compounds and condensed phosphates can be

broken down into phosphates and then the phos-
phates can be coupled to organic molecules to form
some extremely important biological molecules.
However, nitrogen appears to be utilized in more

- forms by living organisms than any other element. -

Nitrogen can exist in six different valence states
and all six of these states can be utilized or pro-
duced by microorganisms. In some cases there are
specific organisms for specific ionic species such as
nitrifying bacteria for NH, and NO, or nitrogen.
fixers for N,. On the other hand a myriad of organ-
isms may use NH, or NO,. Microorganisms are also
known to produce NH,, NO,, NO,, N, and organic
njtrogen compounds. Quite obviously microorgan-
isms play an important role in the nitrogen cycle,
and nitrogen plays an important role in the life of
living organisms. )

The investigation of the nitrogen cycle or balance
in a stream or lake is a viable approach for studying
functional responses at the microorganism level be-
cause: 1) many if net all of the enzymatic reactions
involved in the nitrogen cycle are heat sensitive; 2)
many of the reactions are sensitive to heavy metals;
3) many are directly affected by oxygen'levels; and
4) the analytical methods for investigating the mic-
roorganisms involved in the N cycle are fairly well
known.

*B. Carbon Cycle—Rates of carbon uptake and in-

corporation are integrally involved with’structure
and function of autotrophs and heterotrophs in
aquatic systems (Patrick, 1973; Bott, 1973). Knowl-
edge of these rates yields information vital to the
understanding of carbon cycling and assimilative
capacity- in diverse freshwater flowing systems
which are subjected to pollution (Saunders, 19717
Wetzel and Rich, 1973). Nummerous techniques have
been developed utilizing radioisotopes and the
sfoichiometrjc relationship between oxygen con-
sumed or produced in the system to carbon oxidized
or reduced (Vollenweider, 1969; Hobbie, 1971).°
Enough variation exists in current investigations to
make comparisons from investigation to investi-

. gation ex¢eedingly difficult. The development of-ac-

ceptable techniques which are efficient and can be
utilized in a variety of situations is overdue*Data
collected using a somewhat universal and standard

.

172




. o dTrny
T . "3:3

~

) L 4
L]

s - -

_technique or method would be comparable to data
- collected in the same manner in other ‘investiga-
tions. The value of such an approach could be real-
ized in information gained from the statistical com-
parisons of diverse aquatic systems and pollutional
regimes-(Steel and Torrie, 1960).

In an effort to develop such methodology for de-
termining the role of carbon in freshwater flowing
systems, a variety of old and new techniques might
be examingd. This could include development of
equipment and test chambers, evaluation of the ef
ficacy of neutron activation analyses, autotrophic
indices, plant and animal carotenoids, other pig-
ments (xanthophylls, phycobilins, et cetera), ATF
analyses, and other procedures (Margalef, 1960;
Thatcher and Johnson, 1973). The development of
procedures with the little-used isotopes (35S, P, et
cetera to determine functioning of the heterotro-
phic and autotrophic components could also be in-
vestigated (Bott and Brook, 1970).

C. Sulfur Cycle—One might develop a method to -

differentiate heterotrophic and autotrephic fune-
tion via the preferential utilization of organic and
inorganic sulfur. Sulfur, as one of the macronutri-
ents and an almost universal component of pro-
teins, may be intimately involved with structure as
well as function of flowing aquatic systems. Knowl-
edge of uptake rates and utilization by the hetero-
trophic and autotrophic components may yield valu-
able information about reaction.rates and critical
concentrations in these compartments (Vollen-
weider, 1969). Sulfur has recently been cited as a
critical factor in the acidity of rainfall and runoff,
pollution from acid mine drainage, and release or
leaching of nutrient cations sué¢h as calcium from
the soil into aquatic systems (sulfate is the most
common inorganic species in flowing systems).
Many microorganisms and plants have the capacity
to reduce sulfate to the oxidation state of sulfide for ¢
incorporation into organic materials such as the

amino acids, cysteine and methionine (Rodina, . °

1972).

The differential metabolism of sulfur by hetero-
trophs and autotrophs in aquatic systems could be
determined using SO, and tagged amino acids.
Changes in community structure above and below
, polluting discharges could be monitored. It has.

been shown that bacterial diversity and algal di-
versity are reduced by thermal discharges (Guth-
rie, et al. 1974). Rates of sulfir metabetism above
and below thermal effluents may be correlated with
changes in diversity and may be directly involved
with the assimilative capacity of that reach of the
‘stream.

N
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HiSTORIC PROSPECTIVE "

‘Even if we quadrupled the number of methods
available for the quantification of ‘hiological integ-
rity, a very basic question will not be resolved—
namely, what type of system will be used to provide:
the baseline or reference numbers against which
systems receiving industrial waste discharges or
other forms of contamination may be compared? .

_The selection process is likely to be hampered by

our failure to recognize that most of the continenta}\
United States, particularly the area east of -the
Mississippi, is a man-altered environment. Two il-
lustrations will suffice to make this point. .

Each summer a number of students and faculty
members (frequently including me) journey to the
northern tip of Michigan’s lower peninsula to spend
a few months studying “natural” ecosystems at the
University of Michigan Biological Station. Students
and faculfly are cautioned not to overcollect and up-
set the-balance of nature. I°'remembér vividly a
stormy faculty session many years ago when one
faculty member proposed experimengal clearcut-
ting on the station tract which was hotly contested
by another faculty member who wanjéd to preserve
the “natural environment” for c¢gFtain plants. The
present station director, David M. Gates, who
spent his boyhood at the station, remembers from
personal observation and from the journals of his
plant ecologist father, Frank Gates, the devastation
that resulted from the vast lumbering activities
characteristic of that area less than 100 years ago.
Journals of early biologists report that it was al-
most impossible to travel anywhere in the area
during the logging period without seeing slash fires
or smoke from them. Originally the Biological Sta-
tion area was used by civil engineers because the
vegetation had been so thoroughly destroyed that
long lines of sight were possible. Only when the
végetation became partially reestablished and in-
terfered with surveying was the area turned over
entirely to biologists.

The second example is the area roughly between -
Allendale, S.C., and Augusta; Ga., known as the-
Savannah River tract. This site was placed off
limits in approximately 1951 by the Atomic Energy
Commission. At this time the inhabitants of the
town, Ellenton, and the other parts of the area
were removed and the farms, homesites, et cetera
were filostly allowed to revert to “natural condi-
tions” following a brief occupancy by work crews
during the construction phases. Some trees were
planted and other assists were given to natural
reinvasion, but mostly #he process of change was
“natural.” Today the area abounds with wildlife and «
is and has been the focus of many ecological surveys
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and studies. Were it not for the AEC facilities still
there, most ecologists would not hesitate to con-
sider this anatural system and for the vast portions
of the tract where no manmade structures are pres-
ent, most ecologists would have no hesitation in
carrying out an extended study of a "natural sys-
tem.” The point of all this is that what we are will-
ing to label as “natural” systems often were at one
time substantjally altered by human activities and
frequently underwent severe ecological perturba-
tiots before reaching their present state. Thus, we
* should not hesitate to use as reference systems
those we consider satisfactory even if they were
once altered by human activities.

ANTHROPOCENTRIC CRITERIA

One might also characterize biological integrity
by determining the ability to produce desired
quantmes of commereially or recreationally desir-
able species. This could be quantified by comparing
actual “yield against an optlmal yield. This might
also be done for,pest or nuisance species such as bit-
ing insects or dﬂgae that produce unpleasant tastes
and odors in water supplies. Quantification in terms
of aesthetically desirable species boggles the mind.

MANAGEMENT CRITERIA °

Using the anthropocentric criteria discussed
above, one might also quantify the energy and ma-
terial required to maintain the desired crops or low
densities of pest organisms. One might rate a sys-
tem from 1 to 10 on whether it provides desirable
conditions “free” (i.e., no management costs) or
whether it is a costly system to manage. This might
" be considered an operationaddefinition of biological
integrity.

’

AsSSIMILATIVE CAPACITY M

For the.purposes of this discussion assimilative
capacity is defined as the ability of a receiving sys-
tem or ecosystem to cope with certain concentra-
tions or levels of waste discharges without suffer-
ing any significant_deleterious effects. I have at-
tempted to find other definitions of assimilativi
capacity but unfortunately have failed to find any
significant body of literature on this subject.

A common position of those denying that assimi-
lative capacity exists is that 4n introduced material
will cause a change that would not have otherwise
occurred. There is an implication that any change is
necessarily deleterious. It would not be rational to
deny that an ecosystem or a community of organ-
isms will respond to an environmental change’
whether caused by the introduction of wastes from

174
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an industrial process or a leaf dropping into the
water from a tree. It seems to the detractors of the
concept of assimilative capacity that the introdue-
tion of chemicals and fibers in the form of a leaf is
not regarded as a threat to the biological integrity
of the receiving system (i.e., the maintenance of the
structure and function of the aquatic community
characteristic of that locale) but that the mtroguc-
tion of the same chemicals and fibers vid an indus-
trial municipal discharge pipe would be deleterious.
SonE?f the same chemicals and materials present
in ldaves and other materials introduced naturally
into ecosystems are also present in the wastes from
industrial and municipal dischargé-pipes. Surely,
within certain limits, an ecosystem can cope with
these. Of course, for bioaccumulative materials
such as mereury, the assimilative capacity of many
receiving systems is almost certainly very low and
for some probably.zero. Zero discharge of these
types of polluting materials.is a highly desirable
goal which should be achieved with dispatel. For
other types of materials the case agamst assimila-
tive capacity appears to have ne logical framework,
The weaknesses of the argument against the use
of nondegrading assimilative capacity are especially
weak where heated wastewater discharges are con-
cerned. Would a AT of 0.001°C damage the biolog-*
jcal integrity of the Mississippi River at New Or-
leans or the Atlantic Ocean near Key West, Fla.?
Or to phrase the question somewhat differently,

‘would this thermal addition of industrial origin be

more of a threat or even a measurable threat o the
blologlcal integrity of these ecosysfems than the
natural thermal additions? Is a microgram of gly-
colic acid placed into an ecosystem by an algal popu-
lation less of a threat to the biological integrity of
an ecosystem than the s&me amount discharged
from an industrial or municipal waste pipe? I you
believe that there are some ecosystenis into which ~
this amount of heat or glycolic acid might be intro-
duced without damaging the structural or funec-
tiopal integrity of the ecosystem, then you cannot
deny the existence of assnmllatlve capacity even i
there are a very llmlted number of ecosystems for
which you think this is possible.
A second aspect of the assimilative capacity edn-
troversy is the belief of some environmentalists
that the ecological effects of socletys activitiey,
particularly those of industrial origin, can be for
ever contained. The position of people who proclai
that we can have an industrial society from which
nothing may be introduced into ecosystems is frra-
tional. If one's outlook is towards treating pach
waste discharge in isolation from all others, rather
than viewing it regionally, then it is quite eviflent
that the complete treatmenf of industrial wastes
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will require substantial amounts of energy, an
enormous capital investment in facilities, and a
variety of chemicals to facilitate the treatment pro-
cess if the process water is to be recycled for fur-
ther use. This energy, chemicals for treatment, and
materials for the construction of additional treat-
ment facilitieg will all have to be produced some-
where and the production process will produce heat
and other waste products that cannot be forever
contained. ‘

The critical question is not whether they can be
introduced into the environment, thus taking ad-
vantage of its assimilative capacity, but rather how
and where they should be introduced into the envir-
onment. If the detractors-of-the agsimilative capac-
ity approach believe that it is possible to have an
industrial soiety without introducing anything into
the environment at any place or time then they
should show us in a substantive way how this can be
done. If they cannot do this, then we should all col-
lectively, address the problem of determining the
assimilative capacity for different types of waste
products and ecosystems rather than endlessly dis-
cussing whether assimilative capacity does or does
mot exist, If the antagonists of the concept of as-
similative capacity believe that there is no way in
which a harmonious relationship between an indus-
trial dociety and ecosystems can be achieved then
they should tell us in more detail what to do next.

There is no question that the use of assimilative
capacity increases the risk of damagingthe biologi-

* cal integrity of the receiving system. Even the use
of nondegrading assimilative capacity reduces the
safety factor and this, together with the variability
in assimilative capacity caused by changing envir-
onmental conditions, makes it epsential that contin-
uous biological monitoring be ysed by dischargers
taking advantage of assimilaf e capacity. Thus,
managemént and monitoring 'fosts are inevitable
but may often be less expensive than advanced
waste treatment costs. *

t

RESISTANCE TO AND
RECOVERY FROM CHANGE -

A. Resistance to Change—Some biological com-
munities have a greater inertia or resistance to dis-
equilibrium than others. The-ability to resist dis-

placemerip of structural and functional characteris-
) ties is a major factor in the maintenance of biologi-

cal integrity. In order for a- displacement- to be
categorized as a loss of intgarity it would have to
xceed the range of oscillat or fluctuations char-
teristic of that system. ufficient funds and
nie are available these n Tuctuations can be
etermined with reasonabl uracy. The-stress

3
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!equired to overcome/Tnertia is less easily deter-
mined until an actual displacement has occurred,
although one might make an estimate from doge-
Tesponse curves of important indigenous organ-
isms. However, the use of the “species of interest
or importance to man” concept is dangerous since
the response of that species to a particular stress
might- not-be representative of the response of
other species in the system. At present we have no
reliable means of quantifying this important char-
acteristic of biological integrity. A very crude esti-
mate of inertial rank ordering of major water eco-
systems is given in Table 1 (from Cairns, 1974).

Table l.—:} he relative elasticity (ability to return to normal after
being displaced or placed”in disequilibrium), inertia (ability to
resist displacement or disequilibrium), and environmental stability
(consistengy of chemical-physical quality).

Environmental

Elastiesty Inertia stability
LaKes ............... 2 3 2
Rivers............... 1 2 3"
Estuaries............ 3 1 4
Oceans ............., 4 4 1
1 = hgh

2. = intermediate high
3 = intermed:ate low
4 = low \

B. Recovery from Stress—Once a system has been
displaced (i.e., altered structurally or functionally)

. the time required for the restoration of biological

integrity is important as are the factors which af-
fect the recovery process. Accidental spills such as
the onés reported by Cairns, et al. (1971, 1972,
1973), Crossman, et al. (1973) and Kaesler, et al. )
(1974) for the Clinch and other rivers will probably
always occur in an industrial society. A crude index
df élasticity (i.e., ability to $nap back after displace-
ment) has been developed by Cairns (in press). A
list of the factors important to this index follows:

a. Existence of nearby. epicenters (e.g., for
rivers, tributaries) for reinvading organisms.

Rating system—one = poor; two = moderate;

three = good. ’ - )
¢ b. Transportability or mobility of disseminules.

Rating system—one = poor; two = moderate;
three = good. )
- €. General present condition of habitat following
pollutional stress. . . : to
Rating system—one = poor; two = moderate;
three = good.

" d. Presence of residual toxicants following pollu-

tional stress.
Rating system—one = large amounts; two =
moderate amounts; three = none. ) S
e. Chemical-physical water quality following pol-
lutional stress. . o ,

. L
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- Rating 7system—one severe disequilibrium;
two = partially restored; three = normal.
f. Management or organizational capabilities-for

immediate and direct control of damaged area. -

rogatives. °

must be placed into the equation in exactly the se-
quence in which they are given,"one ean arrive at a
rather crude approximation of the probability of
relatively rapid recovery. This would mean that
somewhere between 40 and 60 scent of the spe-
cies might become reestablished%nder optimal con-
ditions in the‘first year following a severe stress,
between 60 and 80 percent in the following year,
and perhaps as many as 95 percent of the species by
. the third year..Natural processes with essentially
no assistance from a management or a river basin
group accomplished this on the Clinch River spills
which were studied by the Aquatic Ecology Group
~ at Virginia Tech and the usefulness of this estimate
has also-been checked with data provided by some
_ acid mine drainage studies (Herricks and Cairns,
++ 1972, 1974a, 1974b) and seems adequate in this re-
gard as well. The equation follows:

RECOVERY INDEX '= axbxexdxexf

400+ = chances of rapid recovery excellent
55-399 = chances of rapid recovery fair to
good g . -
lessthan35 = chances of-rapid recovery podr

During the development of the simplistfc equa-
‘tion just given, considerably more complicated
equations were considered and rejected because
the refinements seemed meaningless in view of our
present state,of knowledge. On this basis one might
réject even the modest effort just made. On the
other hand there seems to be a very definite need to
formalize the estimation of recovery and one hopes
that more precise equations properly weighted will
evolve from this modest beginning.

LS
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CONCLUSION% .

It is evident that no single method will adequ-
ately assess biological integrity nor will any fixed
array of methods be equally adequate for the di-

- verse array of water ecosystems. The quantifica-
tion of biological integrity requires a mix of assess-
ment-methodg suited for a specific site and problem
(e.g.. %eated wastewater discharge). Since some
ecosystems arem'pre tomplex than others and some

. stresses on biological integrity more severe than

others the variety and -intensi‘tjy

<should be site specific. Table 2

' * .

of methods used
emonstrates a sim--
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Rating system—one = none; two = some;
‘three = thriving with strong enforcement pre- .

Using the characteristics listed above, which -

k)
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s S
ple version of a decision matrix for resolving these
problems. ’

Table 2.—Potential lﬁrea( o biologifal integrity. ’[

-

Ecosystem Minor Moderate Seriou
*Complexity 1 -~ 3 ¢
Simplel............. 1 e
Intermedjate? ....... 2 4 ° .
Complex3 ........... 3 6 <

A number ¢ne situation would require
and fewer critéria than a number nine.
gists will be unwilling to make the valye judgments
necessary for even the simple example matrix. Un-
less they dispute the assumptions which preceded
the matrix, professional pride should force them to
do so becaise otherwise they will be forcing indus-
try to overassess as a result of their insecurity and
inahility to make distinctions between difficult and
simple situations. -~ .

" What is needed is a protocol indicating the way in
,which one should determine the mix of methods
that should be used to estimate and monitor threats
to biological integrity. A good example of this ap-
proach is “Principles for Evaluating Chemicals in
the Environment” (originally “Principles of Proto-
cols for Introducing New Chemicals into the Envi-
ronment”) published in 1975 by the Environmental
Studies Board of the National Academy of Sciences.”
. A badly needed accompaniment is a national system
for storing data gathered for such purposes which
also insures greater standardization and compati-
“" bility than is possible with present systems. It is
also important that industrially sponsored studies
of this kind be made more accessible to'the aca-
demic community. This would insure that shoddy
contractors would be exposed by academic criticism
and reduce the money wasted by indusiry on these
groups and would also expedite advancement of
this type of assessment which would also benefit
industry. T2
While additional methods for quantifying biologi-
cal integrity are being developed, industry and
other dischargers into aquatic systems can take im-
mediate measures to protect ecosystems. Until all
currently available methods have been used there
is no justification for complaining about the lack of
appropriate methodology. A list of some useful
methods follows: (1) A screening test such as the
ORSANCO 24-hour test tg determine which Kastes
require immediate attention and which may be Yele-
gated to a lowew priority. (2) A determinationusing
the ORSANCO 24-hour or some other short term
test of the variabllity of waste toxidity. Although
there is some- variability in bioassays due to the
nature of the tce',st organisms, it is dwarfed by the

[
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variability in toxicity of most industrial wastes.
Some wastes may vary in toxicity as much as 10,000
times from one sample to another. (3) A baseline
ecological survey which is essentially an inventory
¢ of biological, chemical, and physical conditions in
the receiving system, should be carried out at’criti-
cal points related to the discharge with, of course,
an, unexposed area to serve as a reference or con-
trol. (4) A biological monitoring of certain areas
of the receiving system on a routine basis so that
any deleterious effect can be determined rapidly.
There exists a vast array of methods potentially
suitable for the assessment or determination of bio-
logical integrity, both structural and functional.
One generally, thdugh not invariably, realizes the
importance of the-hiological entity being measured,
al en this is not always the case. However,
i~ useful in the context of measuring
changes in biological integrity is another matter.
This is where biologists and ecologists hayé usually
dropped the ball.

Most biologists and ecologists _with classical
training do not feel any responsibility to justify the
appropriateness of a method or a-parameter being
suggested as a monitor for biological integrity, be-
cause they assume that if it is useful in ecology, and
if classical ecologists recognize the importance of
the measurement, then it must be appropriate for
the assessment of biological integrity. We have all
seen the endless “shopping lists” resulting from a
group of ecologists putting together a list of param-
eters to determine the ecological impact, of a partic-
ular activity such as the construction of a dam. The
methods often appear to’be assembled by a “stream
of consciousness process,” or each of the ecologists
present flushes his or her mind of all the methods
known to him and requests 6tﬁat determinations be
made.

Even when all this information is collected, clas-
sical ecologists will often refuse to predict the con-
sequences of the course of action anyway because
the information is oftenot gathered in an orches-
trated fashion so that the data bits can be inte-
grated and correlated. On such projects each in-+
vestigator goes his or her own way with little or no
communication with other investigators or even a
feeling of responsibility to see that data are gath-
ered so that the needs of this particular assignment
will be fulfilled. What results is a series of inven-
tories of varying scientific sophisticatioft which are
practically never useful for modeling or predictive

. purposes.

The determination of biological and ecological in-

tegrity is also hampered by the focus of attention on
“pipe standards” rather than ‘“receiving system
standards."' Thus, relatively little grant funding has

.
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been available from either governmental or private
sources to develop methods for the quantification of
the effects of pollution on biological integrity. One
can obtain funding for purely “ivory tower” ecologi-
cal research, but if one made the major thrust of
this research the assessment of pollutional effects,
it would almost certainly be disallowed by the more
“ivory tower” funding agencies. Mission-oriented
agencies have been focused on “pipe standards”
rather than on “receiving system standards” and on
chemical-physical measurements rather than bio-
logical measurements. Although it was in indus-
try's enlightened self-interest to support the devel-
opment of such methods, funding from this source
has historically been trivial.

In addition to these difficulties, until recently
thereswere relatively few scientific outlets for pub-
lication of such investigations and very little aca-
demic prestige attached to their production. As a
result, most of the work was carried out by consult-
ing firms or academic institutions which produced
+proprietary mimeographed reports of their investi-
gations. Thus, what little knowledge was generated
in this field generally has been given very limited
distribution in the form of proprietary reports
which were rarely subjected to peer review and
certainly did not go through the rigorous scrutiny
that occurs when publication is through the usual
academic outlets and subjected to printed rebuttal,
et cetera. -

A brief statement of my own view of the condi-
tions which produced our present state of disarray
regarding the quantification of biological integrity
follows. We do not know, in any scientifically justi-
fiable sense, the characteristics of aquatic ecosys-
tems which are essential to the maintenance of bio-
logical integrity. We also know practically nothing
about the relationship between the structural and
functional characteristics of natural ecosystems.
Such factors as spatial distribution of species and’
the factors which cause systems to oscillate both in
structure and function are so poorly documented
that it is difficult for us to say what is desirable and
what is undesirable except in the grossest way.
Furthermore, most of the systems in the conti-
nental U.S. and particularly that area east of the
Mississippi River have been in many ways substan-
tially affected by man-initiated activities such as
deforestation, flood control, agricultural activities,
and so forth. Therefore, most of the systems with
which we must work are already disturbed to some"
degree.

However, all is not lost! Most of the ecosystems
in England, for example, have been influenced by
human activities for generations and yet we find
them pleasing and acceptable. Other systems such
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as the Thames Rivey were once sufficiently de-

graded to be an objedtjonable nuisance and have

been restored by plgn eclamation_efforts to a

condition which, if-f6t comp eto tmbg)}lmmve

“or original condition, is neverthelesy moré pleasing
- and more acceptable as well as mote useful to us

socially .

We are also able to estimate with reasgnable pre-
cision the concentrations of toxicants which permit
survival and adequate function of aqugtic or-
ganisms which we consider important or repgesent-
ative. Given our present situation with a prolifera<
tion of chemical materials and a paucity of informa-
tion on their toxicity, we might use as a reasonable
working hypothesis that concentrations of chemi-

[ . cals and other potentially toxic materials permit-

ting survival coupled with adequate growth and
_reproductive success will also permxt the organisms
'to function reasonably well in other important,.
respects.

We also know' that aquatic communities sub- .
jected to pollutional stress will undergo structural
alterations of a predlctable nature, We know that
the number of species will be reduced and that the
number of individuals in certain species may in-
crease. We can assess, on a site specific basis, such
important behavioral characteristics as the temper-
ature preference and avoidance of fish. Although

. the methodology for the assessment of biological in-
tegrity certainly could be markedly improved, the
use of the methodologies in which we have confi-
dence- and a long history of effectiveness is still
“miniscule.

v
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ISCUSSION ) : .

Comment: I've been fascinated with some of the
work,that you and your stud ave been domg
' using individual fish or smalfgroups of fish to moni-
tor changes in water quality. At the outset of your
talk,. you indicated that yoi didn't feel that smgle
species could be used in ' measure of biological in-
tegrity. Would.you comni nt on that?

Mr. Caimns: - You're perfectly right. 1 probably
shonld have covered this in the talk and it is in the
paper. Single species are not a good index of blolog
ical integrity but can be used in an “early warnmg
- §ystem. The purpose of the smgle speatres in our in-
plant monitoring sys%ems is to give an early warn-
ing of toxicity before the wastes actaally reach the
recel:vi&g‘ system. This has some advantages but

t ]
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" also all of the disadvantages of a “represenfative"

°

‘

species. ..

If an in-plant momtormg system showed blologl-
cally deleterious changes in the plant waste before
it weaches the river, then you would have several
options: (1) Shunt the waste to a holding pond; (2)
recycle the waste for further treatment; (3) scale
down th lant operations until the signal dis-
appears

This in-plant information would have to be corre-
lated to the‘response of the biological community in
the receiving system itself. That is the way it
should be used — not as a single species mdex stand-
ing alone.

Perhaps I'm being too much the devil's advocate*
in not relying on individual species. However, it is
dangerous to over- rely on indivifual species. There
is a role for them in in-plant monitoring systems,
but never without being coupled to some monitor-
ing system based on community structure in the re-
ceiving system itself. Our in-plant and in-ecosystem
monitoring units ate designed to be coupled to-
gether.

Comment: I was intrigued by your reference to
using natural systems to accomplish tertiary treat- .
ment, as opposed to manmade systems to accom-
‘plish the less costly primary and secondary. Were
you referring only to non-toxic kinds of materialsras
opposed to relying on nature to handle.say, chlor-
inated hydrocarbons and heavy metals? Also, do
you feel that there is sufficient natural assimilative
capacity to handle all of man’s municipal and indus-
trialwastes Beyond secondary treatment?

+ Mg. Cairns: There are several pdints to be made
here. One is that it may not be possible for many
systems to handle all of man's wastes because they
are too small and/or they are already overloaded.
Oneé would have to decide on a site specific basis.

As you point out, there are certain kinds of com-
pounds which aréneither degraded nor dispersed;
these may andergo blologlcal magnification and for
these there is zero assimilative capacity. However,
for most wastes many ecosystems have some as-
sxmllatlve capacity despite the zero discharge phi-
losophy whlch)assumes that one can forever contain

_othe envifonmental effects of an industrial society.
This"is not possnble becadse very, very advam{ed
treatment requires energy, chemlcals and equip-
ment,

The production of these will, ultimately, ‘prod ice
environmenta} effects somewhere. They will Just be
displaced from one site to another. I was trying to
address that point in a very simplified fashion, but
if there’s no such thing as a natural assinilative
capacity, we're in real trouble! That would mean
the end of industrial soc1ety So even though we
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have mostly anecdotal evidence and intuitive feel-  sults and give us a cumulative response. I agree
ings that there is such a thing as assimilative capac- that we should make some attempts to estimate the
ity, we have no other choice but to assume nature = thresholds of toxicity for individual compounds
ean assimilate certain types of wastes and trans- _  since this is useful information. It is.good predictive
form them. But if we don’t define assimilative’ca-  information, but ultimately we must go to the sys-
pacity more vigorously the assimilative capacity is  tem itself and study the cumulative impact and the
exceeded and then the ecosystems will collapse.- integrated {esponse I can 't see any other way out.
V{e mlght set arbitrary standards for waste dis- ﬁomme I'd like to see you follow along a little
chatges 'based on general rules, and they might in that. Can you give us an idea of what level of
actually work and protect ecosystems, byt then  training would be necessary to have the toxic peo-
we’ll be underusing the assimilative capacity most  ple go qut and do this sampling that you suggest
of the time. We will not be making full beneficial,  and, obvxously‘, the money and manpower requ1r
non-degrading use of assimilative capaclty, let’s  todothat on'a national scale?
say, 364 days out of the year. Without information Mr. Cairns: In today’s dollars or tomorrow’s dol-
feedbacks about the condmon of the receiving sys- lars?
tem good qualitytcontrol is unlikely. My feeling is Comment: Take your pick.

that the money spent on getting feedback of infqr- Mr. Cairns: There are simple bioassays like the

. mation about the response and condition of the re- ORSANCO 24-hour bioassay. The round robins

cewmg system would be more than offset by the wed that it coéuld be used by people who had no

. savings'in waste treatment X one linked the dis- prlo‘i‘ training. The sequential comparison diversity

‘ charge operation to the receiving capacity. " index can be used by people with no formal taxo-
So, what wesshould b& trying to de. really, is  nomic training.

. mesh two dlSSlIllar systems. One is an industrial For such tests one can take high school graduates

‘ system operating under, more or less, the market and, in one week, one can train them to produce

,system and the ecosystem which is “controlled” by  useful, statistically reliable results.
“'environmental variables. We should be trying to These technical ptople do better with the s;mple
get these two, systems, working together in some _tests than Ph.D’s because the Ph.D’s get bored and

: . . optimal way for society’s benefit; I feel that we can " the other people don’t. For simple tests can use
do much better than !we re now doing in that re-  relatively untrained people, as long as they are dis-
\ spect. R -criminating and dependable workers.

Comment: The Agency s Water, Qualxt,y The aquatic ecology group at Virginia Tech has
Standards program, traditionally, ‘has been b ]ust developed g test using Daphnia for the Amer-’
on provxdmg levels for chemical parameters wﬁsh/ ican Petroleum Institute which can be run quite
is to'provide protection for instream water qualit well by people .who have had other types of formal _

*. nd biota. " training (such as chemical engineering, samtary
. Do you feel that is an adeguate system to provide ‘engineering) but .w1th no training in bloassay
protection for aquatic communities, or d6 you t#k  methods. |
instream levels of chemical .parameters must be - To cut costs we are gomg’to automatlon in our
augmented by biological monitoring, some type of own lab. We have a unit Jusing laser liolograms *
biological monitaring requirement in the water | which will ‘probably identify 8,000 diatoms, when
- quality standards themselves? it’s working at full effectiveness, in less than 10

Mr. Cairns: If you develop one standard for the . minutes. Biologists, in général, have not taken
whole counttry, this fails to consider how different = advantage of computer technology and other ﬁypes
ecosystems are in various regions and that these of technology to cut COStS in water quahty assess-
differences influence toxicity. ment.

Another important factor is that one shouldn’ ¢ _ The in-plant system ‘that Dexter just mentioned
-regulate (tRase toxicants mdmdually and in iso- '1s being installed at the CeJanese Plant, Narrows,

_ lation frony others. We aren’t exposed jadoxic in- “Va., with the Manufacturing Chemists Association.

-~ sults one at e time and as organisms & resppnd to _ The capltal mvestment for that, if you already have ,
the collectxve\nsults to our bodies (e smok$, con-  a mini-computer, will be about $26,000 and it can be .
taminants in the water, and so forth). So do Aquatic  operated by a high school graduate The laser s¥s- -
organisms and other organisms. The. #ttefnpts to  tem would cost about $156,000 in today’s dollars,

’ " regulate one stress in isolation from the e¥ects of Jbut could’be used by many plants. The cost per an-
2 other stresses won’t work.. .- alysis using automation will be relatwely sllght
We should take advantage of the fact that natural For a complete stream survey using nine taxo-

communiyfes summarizT and integrate allfthese in- nomlsts my guess would be $4,000 to $8,000 per
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B )
station for each examination. The “complete physi-
cal” surveys are very expenswe Functional meas-

. urements scould dlso be expensive, except for the
simple rate proc!sses

Comment We're not only an industrial society, -

we're largely anm urban society. There're a-.great
number_of these sections doing area-wide studies,
+an awful lot of them underway around St. Paul.

Many of the streams in urban areas are subject to
large sediment loads, lots ‘of scouring due to runoff
a priori. Can we establish biological integrity with
those Kinds of streams, because if the locals are
. going to be added, they will have to choose between

alternatives. They will need some measure of what ~

thought or the possible results to those alterna-
tives’ whert you're talking about control of runoff,
perhaps treatment and other kmds of disposal that
are in place now.

._-Po we have to take the physical scenarios of
physical altenations for improvements? The same
thing on chemlcal do we equate those and then try
to come up with the blologlcal scenarios and pos S&-
ble results, and then just lay them out and take
your chance$? -

Mr. Cairns: I don't know 1f there Is anybody here

that can answer your questiofl.
My guess would be, if I understood your quest
correctly, that in systems like the Ohio we'll never

find out the original condition, so we must set

_standards (¢chemical, physical, and biologicalfthat
are -satisfactory to us as a society. The various

PRt N

scenarios with.cost- beneflt analyses c»ar\be given to
the general public or other decisionmaker's for final
" choice®

If you look at the ORSANCO reports it is evident
that the general water quality trend has been to-
ward improvement of chemical-physical charac-
teristics and they are getting more stable and
more predictable. This resulted from an imple-
mented regional scenario.

Comment: I was talking about any of the much
smaller water bodies that are around the country.
We only have a few very large systems. In many
areas the streams are much smaller, ‘they're creeks,
and bodies down to that size.

A great deal of money could be, spent, but we
have to base some decision on biological integrity.

"\ Mr. Cairns: We're studying the South River with

DuPont in Virginta. It's a very small stream with
very heavy waste loading. I believe we can evaluate
biological integrity for this stream and develop
practical management programs to either improve
or maintain present condition of integrity.

It would not pe cost effective to restore that
stream to itsoriginal condition, but I think it is rea-
sonable to restore the strea}n to some more accept-

ble condition befoxe it joigs the Middle and North
Rivers to form the Sout rk .of the Shenandoah

River. There are acceptable means pf Hetermining
"biological integrity and developing management
er matter.

plans. Implementing then is an

S
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""MODELING OF _
AQUATIC ECOSYSTEMS

GERALD T. ORLOB
Resource Management Assaciates
Lafayette, California ’ -
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INTRODUCTION

Public participaZion in environmental Blanning

and in the decision processes that lead to imple- -

pelled tradition-bound planners and designers

‘to re-examine their techniques and tools. It iy es-
sential in today’s world that the range of alterna-
. tive actions and/or strategies be widened, and that
all viable choices that the body politic wishes tocon-
sider be assessed before the choice be m#de. This is
no small task, in_view of the complexity of the en-
vironmental system, the. many constraints—eco-
nomic, social, political, and technological—that
must be considered, -and “our own limitation in
understanding how oug environment actually be-
haves. An awareness of these factors may cause the
more tiorous to abandpn all hope, but stimulate
the .more adventurous to seek new techniques,
methodologies, and tools for dealing quantitattvely

me ation’of\s?iﬁc control actions or.projects, has

with~ environmental management z}lternatives,‘

Models of aquatic ecgsystems are representative of
such new tools. Properly conceived and structured,
they can become valuable adjuncts to the environ-
mental planner’s intuitive judgment and can be
made to serve the public decision process. It is our
intention in the discussion that fallows tg illustrate
how such a tool may come'iito being and h¥w it may
beused. ° | oo\ )
We propose, first, to present sqme basic notions
concerning the behavior of the aquatic envirgnment
we wish to model. Then, we would {ike to show how
“these can be treated conceptually to form'the
model. Given that such a model can be implemented
(and we will assert-that it can, by citing a¢tual ex-
amples), we will illustrate its pot¢ntials by demon-
stration in an actual case study, Ifake Washington.

\MPORTANT ECOLOGICAL =~
CONCEPTS AND PROCESSES

EUTROPHICATION .

o "
. For the purposes of illustrating the development
and utility of an aquatic ecéloegic model, let us con-
sider an environmental management problem of-
\ .

Al

»

_.THE ECOSYSTEM ;

-~

current national interest —that of eutrophication of

lakes. .

Eutrophication, the process of “aging” of-lakes,
that ultimately leads to the conversion of a lake into
a swamp, is ggverned by many interrelated physi~
cal, chemical, and biological processes that may be
modified by man. It is manifest to the non-scientist

«in the form of extreme symptoins—proliferation of
aquatic-weeds, algal blooms, and fish kills. How-
«ever, to the trained biologist it is seen as a delicate

but complex imbalance between the nutrient sup-

r.and,indigenous life forms. This

- ply to the syst
a natural consequetlce, a slow in-

imbalance may

exorable progression of nutrient enrichment of the -

lake keyed-to geologic and climatic changes, or it
may be. artificial, accelerated by man through im-
prudent intervention i the laké’s natural hydro-

. . logic regimen, its ecosysterp, or its nutrient supply.

v -

THE HYDROLOGIC SYSTEM |

A fundamenta) building block of the lake ecologic_ -

model is a capability to represent correetly the hy-
drologic processes that determine the exchanges
and balances of water, heat energy, and nutrients.
Such a capability may be available in the form of
data obtained by direct observation or may be rep-
resented by another model, a hydrologic or hydro-
dynamic “driver,” that can:simulate prototype be-
havior. The minimum information we will need
from this source includes temporal and spatial de-
seriptions of water movement and temperdture. A
number of suitable models that will $atisfy these re-
quirements have been developed' and successfully
applied in studies of thermal energy balances in
lakes and reservoirs. We will not attempt to de-
scribe these here, but will refersthe interested

reader to the rather substantiakbody of literature

* already extant.*
1] ¢ L

b

An aquatic ecosystem may be defined explicfly
in terms of specific living organisms and the envir-
onment in which they live, including its spatial di-
mensions and quality. However, for purposes of

e
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model representation of ecosystems of whatever
form and.complexity —in the specific environments
of a lake or reservoir, we may be well advised to
consider first some general principles and processes
that seem to be comeon to such aquatic ecosys-

* tems. As an aid in conceptualizing the problem, a

diagrammatic representation of important ecologic
interrelationships and processes for a lake environ-
ment is shown in Figure 1.

‘First, let us recogmze that the primary source of
all energy to “drive” the ecosystem and to regulate
life processes is the sup. The sun’s energy is deliv-
ered to the aquatic environment as solar radiation
that passes through the air-water interface and is
dlstrxbuted downward in accordance with. clarity
and absorptive capacity of the water. If photosyn-
‘thetic plants are present, this supply of energy, to-
gether with certain fundaméntal building blocks for
all living organisms, can be transformed by the
process of photosynthesis.into biomass, i.e., living
matter. .Such biomass, created by the so-called
primary producers, represents a potential energy
source for higher forms of Bfe who may by meta-
bolic procésses transform it into thejr own biomass:
This they may accomphsh at some net expendxture

.-of energy ‘that may-be “treated as a gain in entropy

for the system as a whole.
Ina complex aquatic habitat we may’ identify four

general groupings of life forms according' to their .

particular role in maintainfirﬁ a viable ecosystem.
These are:
1. Abiotic substances, including ‘those essential

-

as building blocks of bxomass’dsuch as the most ele-

,mental forms of arbon, nitrogen and phosphorus;
and those that are necessary to sustain life, Fuch as
dissolved oxygen and trace eleme

2. Primary producérs, includin k::fj;?{)h’c or-
ganisms such as phytoplankton that orporate
abiotic substances into living ‘cell materxal by the

" processof photosynthesxs

3. Consumers (predators) mcludmg heterotrm
phic organisms such as zooplankton and aquatic ani=
‘mals (nekton \knd benthic forms) that utilize other
biota and orga ic residues as basic energy sources,,
and,

4. Decomposers’ includirf bacteria in both liqui
and solid (benthos) phases and fungi that brrg
down residual organics to abiotic forn®s or to fo
. that ma?' be more readily utllized By consumers.

* * -

PRIMARY Paoouoﬁm AND |

The aquatxc ecosystem functxons under con-
straints of the availability of certain basic sub-
stanceshe g., carbon, nitrogen, and phosphorus,

&
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and environmental conditions, e:g., light, heat, tox-
icants, et cetera that may be regulated exogen-
ously. In addition, the quality of the envirofiment,
determined in part by the ecosystem itself, may set
limits on the system’s performgnce. For example,
the failure of decomposers to break down organic
matter accumulated in the benthos may brlng on an
anaerobiosis with attendant depression of dissolved
oxygen and formation of soluble toxic compounds.
Primary producers, like free-floating algae or at-
tached aquatic plants, utilize the sun’s energy and
abiotic substances to synthesize new cell matenial
through photosynthesis. A relatxvely simple defini-
tion of t hotosynthetic procss is given by the

. approximate stoichiometric equation

light

5.7CO, +54Hp+NO, Teaeds

Gy H,,0,sN +8.25 0, + OH— (1)

Y e
This relationship is derived from g basic consider-,

.atxon of the driving mechanisms of photosynthesus

and empirjcal evidence as to the approximate’ com-

+ position,of algal cell material (neglecting phos-'

phorusm;ice elements). QWhﬂe the actual pro-
‘cess is far “more complex ut?l the

suggests, most of the basic fac that relate algae
to th&ir aquatic habitat are represented. I

that the essential driving force for M (re--
action) is. solar energy (light). Algal*éells are cap-
‘able of utilizing this energy source to "build new

cells from carbon dioxide, water, apd nitrate. Inthe .

process, elemental oxygen is given off and an alka-
line environment {often favorable to optimal algal
growth) is created. Oxygen goes into solution and-
thus facilitates ,maintenance of an aerobic aquatic
environment. Assummg the reasonableness of the
equation stoithiometrically, we may estimate that
, about 1.9 mg/I of dissolved oxygen are produced for
" each mg/l of new cell material. Similarly, for each
unit of oxygen produced, an approximately equal
wexght of carbon dxoxxde must be aVallablea

ye”

[

GROW{H. RESPIRATION =~ )
AND MORTALITY - ‘ o

The progcess described by e atxon (1) is. essen-
tially one of phytoplankton growth, an increase in
biomass. But, as for all living things, life is sus-
tained on a steady basis by utilizing stored energy,
the process of respxratxon This occurs §nore or less
continuously, but is’the dominant process when
photosynthesis $tops,.i.e., in the absence of light.
Respiration may be treated as a loss of biomass,
normally at a rate of 5 to'15 percent of total growth.

-

?
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Lt . FIGURE 1. ~Ecologic rel?&onships in a lake environment.
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Algal cells groy, respire; mature, and die.
tallty rates depend on, environmental conditions;
_i.e., heat, toxicants, etera, and since these aye
likely to vary seasonMortality-may at times
dominate the life processe}of algal cells.

The rates of algal growth, respiration, and mor-
tality determine the net rate at which the total pop-

ulation, the standing crop, changes. This.may be.

expressed simply by
Net Growth Rate of Biomass
- Respiration—Mortality]
Each of }he terms representing growth, respira-
tion, and'mortality may be modified by factors tHat
in}iicate the influences of the environment, for
efample, temperature, toxicity, and the availabil-
ity of essential nutrients.

= [Growth—

.. ~
ALGAE-BACTERIA SYMBIOSIS

l-&The loss of viable algal cells from the system
ans a loss of biomass in a complex form not

readily utilizable by other biota, certainly not by.

algae themselves To maintain the ecosystem in a
viable condition in the face of limited supplies of
essential nutrients, it is necessary to break down
dead algal cells and return basic nutrients to the
system in abiotic form. This is the role of the de-
composers, who live in a symbiotic relationship to
primary producers.

Consider the biodegradation of an organic com-
pound (dead algal cells, for example) comprlsed
essentially of C, H, O, and N. In an aerobic environ- -
ment bacterial decomposition of such a compound
“might proceed generally according to .

CHON,+ A0~ — .

bacteria .
organic oxygen
matter

x CO,+y H,0+2zN H,+ new bacteria cells (2)

'

carbon water ammonia

- dioxide :
s . / .
This statement of the decorhp&s-itipn process indi-
cates that proteinaceous material may bé oxidized
blochemlcally to produce carbon dioxide, water,
and ammonia. The oxygen needed may be supplied,
in part, by photosynthesis (equation (P while the’
o, produced goes into solution to contribute to
the reservoir of this basic requirement for alga
growth. Ammonia may be further oxidized by bac-
eria to nitrite and then {o nitrate, likewise con-
.&utmg to algal needs. The symbiosis between
teria and algae is the fundamental relationship

between decomposers and primary producers

el .
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PREDATION ’

Grazmg by higher trophic levels plays an impor-
tant role in regulation of populations atlower levels
while propagating energy upward in the food chain.
For example, rapid growth of algae may trigger a
corresponding but somewhat slower reaction in
zooplankton standing crops, increasing the availa-
bility of their primary food supply. Generally, the -
higher trophic level grows slower and is less effici-
ent in energy conversion, so biomass (energy) is
lost from the ecosystem. Peak growth of the preda-
tor occurs later, lags that of the prey, and fluctua-
tions in biomass are usually not so great. Also, zoo-
plankton may seek alternative food sources, for
example, . organic detritus, when algae are not
plentiful. They have a certain motility, at least
vertically in the system, enabling them to be some-
what discriminatory in what they eat.

‘A predator may shift its feeding preference from -
time to time, depending on environmental factors -
and availability of food supplies. For example, zoo-
plankton may prefer algae, but when stocks run
low, due perhaps to over-grazing, they may shift to ;
detritus as a food source. These relafionships can
be mcorpqrated in the ecomodel structure by mak-
ing the growth in biornass of the predator a function
of the availability of both the prey and the alter-
native food source. The rate of change in prey bio-
mass will accordingly be diminished by loss to pre-
dation, with an "allowance for the “digestive
efficiency” of the predator in convertmg the prey'’s
biomass to his own. ‘ .
ENVIRONMENTAL LIMITS ON GROWTH
Light ’ 'Y ’

Photosynthesis requires lfght and the rate at '
which the process of energy conversion to blomass
takes place is regulated by light intensity. In‘the
absence of light, or at very low levels of inténsity
such as may exist deep in a water body, there can-
- be no-primary production. Thus, photosynthesis i is”
_keyed closely to dlurf}al and seasonal fluctuations in
radiation, and is affected by environmental ‘condi- .
tions that may inhibit the transmission of light into
the habitat of photosynthetlc plants For examplea
the suspensfon of solid matter in the” water either
by natural forces «or by the actions of man may
inhibit photosynthesi® or cause it to cease alto-

——gether. In certain ‘instances, even the excessive
growth of algal cells can reduce light penetration,
i.e., the growth process may be #€lf limiting.

-

Nutrients* i ’

‘Aléé”e need certain esse'ntial nutrients to,build .

. ¥
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biomass. To sustain growth of new cells there needs
to be a continuously available supply of carbon, ni-

_ trogen, and phosphorus, for example. This can be
from- exogenous sources, e.g., waste water “dis-
charges to the lake, or it can be supplied by recycl-
ing of nutrients through the complex ecosystem of
producers, consumers, and decemposers. as-iftus-
trated schematically in Figure 1.

. Ifany essgntial-nutrient is deficient in the sys-
tem, the growth rate, i.e., the rate of p;oduction of
new biomass, may be y'egulated to conform to the
available rate of supply, even though other nutri-
ents may be present in abundance. Thus, an ecosys-
tem may be characterized as “nitrogen limiting,”

. indicating that growth can be controlled by regllat-
ing this critical nutrient. However, it may come to
pass that as nitrogen is added to the system, a poinf’
will be reached where phosphorus or carbon sup-
plies will govern, and a new growth regulator takes
over. Actually, there may be several régulators of
growth, operative simultaneously and varying in
control with time, place, and other environmental
.conditions. Such complex processes are difficult to
describe mathematically for the qurposes of ecosys-
tem modeling, but empirical %&t\ignsh'ps have
been developed that give a reasona ccount of
theeffects of growth limiting factors.*®

4

'\ﬁemp'erature

* All biological (p'r.ocess°es are }emperature sensi-

" five. At temperature extremes,either high or low,

they may virtually pease. At jntermediaée levels
they may proceed at maximal rates, the ptimum
‘rate for a particular biological process depénding on

the biota. In natyral unstressed environments biota

teng.to be better adapted by natural selection pro-

.* cesses to the range of temperatures on the low side

“of the maximum. Hence, extremes of high.tempera-
tures tend to impose greater stresses, perhaps ulti-
mately leading to the demise df ther ecosystem:

Fortunateély, the large spatial variability of temper-.

atures in lake systems and the heat exchange pro-
* cesses betwgén water and air mitigate temperature
extremes’ that are likely to cause ecesystem col-
lapse. + . - - .

process are generally well known.from experience..
Likewise, techfiques for_ predicting temperature

_ changes In'Jake systems are fairly well developed. '

Hence, the. effects of temperature on the lake eco-
system can be incorporated in tke ecologic model in
- astraightforward manner. h

~ ¢ T, 1
g .

~Toxicity . ) .
. Most naturally ogeurring substances are toxic to

~
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living organisms at- some concentration, but at’
lower levels they may actually be biostimulatory.
Thus, there may be a threshold range over which
the.organism may function at near optimum levels,
at least without inhibition of essential physiological
processes. Such thresholds are known for certain
compounds and species of organisms under con-
trolled laboratory conditions although little is
known as,yet about the complex interactions that
take place in natural environments with real eco-
systems.

-

MODEL DEVELOPMENT

The development -of a lake ecologic model pro-
ceeds logically through a succession of steps, more
or less as follows: .

_ 1. Statement of goals and objectives.
- 2. Conceptual representation of the prototype.

3. Functional representation ‘in mathematical
form of hydrologic, water quality, and ecologic pro-
cesses. .

4. Computational representation in program-
‘ming language for simulation om the digital com-
puter. ’

5. Calibration of ‘model against performance of
prototype. . . ’

6. Verification of model’s predictive capability.

7. Sensitivity testing of model’s performance.

8. Documentation and préparatiog of user man-
uals. i . .

9. Application to prototype cases. :

The nature of each of these steps and their-intérre- .
lationships has been dgscribed in deail elsewhere.*
It may suffice for present purposes to summarize
briefly afew of the more salient considerations.

GOALS 'AND OBJECTIVES A

- Questions of who1s to use the modetland for what
urpose are primary considerations in model deyel-
oprhient. The academic may use the model as a ve-
licle of education and instructior. The “scientist
may see it as a means for comprehending the com-
.plex interrelationship of processes and systems and,
for défining areas for future research. The plan-
ner-decisionmaker may wish to use it as a means for
evaluating alternatives. =~ -t
In éach instance, the requirements of reality with
respect to the prototype are different. These, in
‘turn, determine the temporal and spatial scales to
be used, the data required, and sometimes even the
computational methods employed. Acpér(_iingly, the
time of development and cost are fixed by the de-
gree of realism desired.
It must be reqpgnized that despite the obvious

f .
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tradeoff between realism and cost, there are praé-
tical limits of existing knowledge and technology

that tﬁay preclude carrying development beyond

certain limits of detdil and sophistication. Often a
simple model, wisely used, is much superior to an
elegant model inexpertly applied. After all, the
model is not a substitute for judgment, only a
means to enhance it if that capability already

exists: .

CONCEPTUAL AND FUNCTIONAL REPRESENTATION

Conceptual representation of the prototype en-
tails determination of the spatial and temporal
~$odles at which the model will be constructed. In a
deep lake or impoundment that experiences strati-
fication it has been found by experience that the
water body may be represented spatially as a series
of horizontal lamina, i.e., slices, of equal thickness.
These are arranged as a “system” along a vertical
axis, as illustrated in Figure 2, a geometric repre-
sentation of a stratified reservoir.

Within each control volume the properties of the
water mass are«onsidered uniform over some time
interval appropriate to the rate processes being
simulated. In the case of ecologic processes the time
interval may be as little as one hour, although it is
often convenient to use one day time steps.

.
- ~

tributary
inflow

B

evaporation
tributary

inflow .

vertical
advection

+"outflow

N

-

FIGURE 2. — Geometric representation of a stratified reservoir.
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Formulation of the model entails identification of
all pertinent quantities and processes and the pa-
rameters and coefficients ‘that characterize them.
One may gain some perspective of these for the lake
ecologic model by inspection of idéalized ecologic
.relationships de‘piﬁ:ied in Figure 1. In the upper

- sketch the various ecologic interactions are illus-

trated in the cu§tomary pictorialization of the
aquatic biologist. The trophic levels identified in-
clude primary prodpcers, both algae and roofed
aquatic plants, zooplankton, pelagic and rough
fishes, benthic animals, and bacteria (decom-
posers). Processes implied, in addition to advection
and diffusion associated with the hydrodynamic be-
havior of the lake, are photosynthesis, growth, res-
piration, mortality, predation, decomposition, re-
aeration, oxidation, and sedimentation. Exogenous
inputs to the system include sunlight; oxygen and

carbon dioxide, sediment, and nutrients. .

In the' lower sketch the ecosystem is concep-
tualized in the style adopted by H. T: Odum * as a
nétwork of compartmenf§ (labeled P, P,, Z, F, et
cetera) joined by energy flow pathways. Following
roughly the same spatial 6pientation depicted in the
upper sketch, this schematic representation shows,

by the direction of the arrows on the energy path-,
ways, the flow of energy upward from primary pro-
ducex;g) (P, and P, through a succession of con-
sumers (Z, F, and Fz),/to ultimate harvest (H) by
man. Within the system there is passive storage of
certain constituents (oxygen, detritus, sediment,
and nutrients, represented by the symbols O,, O,
D, 5. N,, and N, respectively). Changes in storage

occur as these quantities are supplied (e.g., photo- .

synthetic production of oxygen) or consumed by
biota (e.g., grazing of detritus by zooplankton):

Sediment is seen to accumulate on the lake bottom -

(S), providing food for benthic animals: (B). These,
in turn (with*the aid of bacteria), Teturn nutrients

(N,) to the aquatic system. Benthic.animals are .

food for rough fish (F,) that 4n turn may be har-
vested. It.is noted'that certain life processes are
regulated by the availability of feod (basic nutrients

or biomass) and, environmental factors like heat, *

light, and toxicity. - | .
- - , - \
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|
COMPUTATIONAL REPRESENTATIOI\I

—
N

This activity involves co‘nversién,qf the model
formulation into a computer program that permits
simulation on the computer. -

CALIBRATION, VERIFICATION AND |
SENSITIVITY TESTING ’ ‘x

.

’

These activities are preparatory to model.ap-

.
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* plication. They are intended to establish the relia-
bility of the model.as a representation of the proto-
type, using data derived by direct observations of
the real system. ’ te

Calibration entails adjustment of the model until

%, it simulates prototype performance within some

* preset limits of reliability. :

_ Verification involves checking model perform-

: ancé agajnst the prototype without prior knowl-
\edge\,is-:{:predictin'g prototype behavior. ‘
_ Sensitiyity testing entails determining the relia-

_ - bility of thé model under variable conditions of in-
put data, levels of ‘coefficients, spatial and temporal

scales, et cetera. .,
. “ )

. DOCUMENTATION ‘ _
This important step involves careful specification
of the computer pragram and user instructions so
fhat others may use the model.
APPLICATION _
. Application of the mddel is-a continuing activity,
-~ involving-simulation of prototype behavior for the
' purposes of evaluation ‘of alternatives. It is best
illustrated for our purposes here by discussion of an
" " actual case study, that of Lake Washington. »

-

LAKE WASHINGTON CASE STUDY‘

< ry

""LAKE WASHINGTON EGOLOGIC MODEL

" The concepts described-above have been tran-
slated into a working ecologic model adaptable to a

' wide variety of aquatic systems, including strati- *

fied lakes, The first application of the model to a
limnological system, Lake Washington; -was per-
. formed as a part of testing during the development
. program sponsored by the Office of Water Re-:
- sources Research (OWRR). The model was stfuc-
tured according to the concepts illustrated in Big-'
ures JL and 2 using the Deep Reservoir Teémperature
Moge! developed previously by Water Resources
Engineers, Inc.,* gs a basic building blogk. In es-
sence, the model in this form is one-dimensional,
‘describing~the temporal distribution of all water
’ quality and ecologic parameters over the annual
cycle and along the vertical axis. -7

g
i

Water quality and ecologic parameters included -

in the Lake Washingt® Ecologic Model are as
follows: - : .
Abiotic Substancs and Physical-Chemical Pa- .
rameters : v
Nitrogen as
ammonia

.
o )

‘: « . ’ .
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@ ..
nitrite ° .

nitrate ' .

Phosphorus as phosphate
Carbon dioxide
Oxygen
Total dissolved solids.
Temperature
, Alkalinity .
pH ' X
Sediment =
Detritus )
Biota and Biological Parameters N
Biothemical oxygen demand (BOD) :
. .Coliform bacteria | o
Phytoplanktonas = - ‘
’ large green algae .
small green algae .
Zooplankton -
Nektonas . . ) <
coldwater pelagic fishes ,
warmwater pelagic fishes
"~ demetsal (béttom) fishes -
Benthic animals‘ L,

o

>

SELECTION OF CASE STUDY ~ - .

Among a number of candidates for testing of the
model concepts developéd in the OWRR, project,
Lake Washington' prqyed to be an outstanding
choice for two reasons. First was the-lake’s unique
experience over several decades, during which it-
was subjecteq to a wide range of pollutional stress.
In the late 1950’s and early 60’s, the lake reached an
advanced state ‘of nutrient énrichment due pri-
marily to direct discharges of treated wastewaters,

coupled with periodic overflows from Seattle’s com- °

."

o

v
-

bined. sewer system. During the simmer months, *

until, about. 1965, algal blooms were experienced
frequently -at levels in the visible range.

In the *.
early 60’s there was increasing evidence of im'p’é%; . .
" ing disaster to aquatic life; dissolved oxygen level

in the hypolimnion' dropped well below: the levels
required to sustain fish life and a steady downward
trend was observed in each succeeding year. '

In 1965, hgwever,’ Seattle’s METRO went into
operation, collecting wastewater discharges and di-
verting them to Puget Sound. At about this same
time, steps were initiated to, minimize combined
sewer overflows, thus feducing accidental enrich-
ment of the lake. The effect on the lake was dra-
matic; in the following year peak levels of algae pro-

* duction dropped so that no blooms in the visible

range were recorded. An obvious improvement in

_water quality was registéred throughout the lake,
. parti¢ularly in reductions’in the levels of nutrients

available to support algal cell synthesis.
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Perhaps equéfly impertant in choosing Lake -

Washington as a test case was the existence of an
excellent body of field data, collected by W. T.
Edmondson and his associates of the Umversxty of
Washington. These data, including the primary nu-
trients, temperature, dissolved oxygen? and
chlorophyll concentrations, provided the basis for
comparing model and prototype performance, i.e.,
evaluating the predictive capability of the model
. and cahbratmg it to prototype conditions, Time and
space do not permlt an exhaustjve dncussxon of the
mgny comparisons that were made; however afew
examples may sefve to illustrate the model’s per-
formance in this initial apphcatlon v

Figyre 3 illustrates the annual tycle of disselved ~

" oxygen distribution in the lake for hydrologic and
waste discharge conditions correspondmg to the
" period 1962 63, just+prior to wastewater diversion
by METRO. While there are local differences be-
tween the simulated and observed distribution of’
dissolved oxygen, the general pattern of progres-
sive . decline seems to be well described by the
model especially deep in the impoundment where
oxygen resources are noted toldrop steadily over

I

B - e et e e .

the year to below 4 mg/] by late fall. Apparently, -

the model’ predlcted a greater deg'r.ee of gtratifica-
tion than occurred in  the prototype, as evidenced
by the somewhat lower D.O. levels calculated for

. the’ middle range of depth. This is borne out by a

comparison of temperature’distributions as well. .
No attempt was made in this preliminary study to
calibrate the model to the field data, although if this
had been done, closer agreement could surely have
been obtained. .-

. Of special interest, of course, is the-temporal var-
iation in algal biomass in the epilimnion of the lake
dﬁrmg the period of, nutrient enrichment. Figure 4
is 1llustrat1ve of ihe‘lénnu;}l cycle of algal biomass.ir> ,
the upper strata of the lake -as simulated by the
model and observgd in the’} prototype. The solid line
represents the‘m&el prediction of algal biomass for
predischarge conditions of the 1962-63 period. It
may be compared with the chlorophyll-a concentra-.
tions observed by Edmondson. for the ~1961-63
perlod

It is noted that there! fair. ag,reemen?. bet\wéen
observed and simulated conditions during the early
part of the year, through the peak bloom in mld-

-
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FIGURE 3. — Observed and simulated dissolved oxygen. Lake Washington. prediversion conditions,
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_~summer. The low €ogcentratigns sustained’in the

1 ; levels, . The zooplankfon. féeeding on both algal
-—~+first.quarter of the year are followed fairly closely, -

groups, grow slowly #nd reach biomass levels about,

" as isthe abrupt growth of algae in Apriland May'as
-the lake warms and stratiffes. The peak values ap-~
pear‘ta be of the eorrect magnitude generally al-

_~._theugh ne_ attémpt Was made in this preliminary

_ study jbrate.the model to the actual data.

- _Figure 5shoWws-the distribution of algal biomass
in the upper 60 meters of water column over the full
annual cycle.-Clearly. evident is the high primary

productivity of the lake's upper strata in fhe

warmer summer months. The typiéal fall overturn, °

and the-atténdant drop in algal biomass is also ap-
parent. These results of model simuldtion of the
lake’s behavior are corroborated by Edmondson’s
‘chlorophyll-a data depicted in the upper portion of
the figure. S . ..
An illustration of eéologic succession is seen in
the temporal relationships between two groups of
algae and zooplankton presented'in Figure 6. The
small green algae (the upper curve in the figure)
_that grow rapidly at low light intensity are depicted
as growing rapidly early in the year, reaching peak’
biomass levels in late May. The slower growing
large green algae follow, taking what is left of avail-
able food. They peak later and at somewhat lower

\

'5 to, 10 percent of that of total phytoplankton. Tyey :
peak irrmid-August, 1.5 to 2 months later than'the

algae. This pattern has been corroborated gen-
erally in Lake Washington by direct observation al-
though data on zaoplankton standing crops are
.meager. > C o

N [N f
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.EVALUATION OF ALTERNATIVES

74t

ning tool, 4 comparison wasmade between pre- and
post-diversion conditions “as predicted by simula-
Jtion of representative annual cycles. In the gpp%r
portion of Figure 7, the attenuation in the algal

. biomass curye resulting from diversion of waste-

s

waters from the system is clearly demonstrated,
The results depicted, although they represent aver-
age “before’ and “after” conditions hydrologically
and from the waste disposal point of view, are in
agreement with the pattern of chlorophyll a distri-
bution as noted by Edmondson. Both -the

4

Asan illustration of the model’s utﬂ@as aplan-’

depression of the peak and its shift in time are -

characteristic of a sbrong trend toward recovery of
the ldke from its previous eutrophic condition.
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along the Pacific and gulf coasts and to coastal
zones in New England and California.

Conceptually, models of aquatic ecosystems that
incorporate water quality interactions can be
adapted to a wide variety of planning situations, in-.
cluding those of lakes and manmade impound-
ments. Basic formulations of the energy or mass
conservation type can be developed for abiotic sub-
stances. These appear to be reasonably defensible

In the lower portion of Figure 7 the annual
changes in dissolved oxygen’concentratlons‘ near
the lake bottom for the same two cases are illus-
trated. It is observed that despite wastewater di-
version the downward trend of oxygen resources
deep in the lake is little changed. This model result
is also in agreement with the prototype's behaviof

. and illustrates the dominant oxfgen demand of the
" benthos, aTactor that is not dramatically altered by
diversion of nutrients from the lake. in light.of the existing body of knowledge on the be-

/ . havior of aquatic biota. Simulations of ecosystem

141 behavior using such models appear to agree gulte
’ - well with prototy pe observations.

' If there are limitations in the use of such models

- for planning purposes, they are probably most iden-

tified with the lack of reliable ddta ?om the proto-

type that will serve both to-calibrafe and test the

model and to instruct the modeler in how to im-

prove this potentially useful tool. As experience is

gained and ecologic models are tested and revised,

- confidence in their capabilities and awareness of

their limitations are sure to grow. They are des-

o’ tined to figure prominently in future environmental

planning and decisionmaking.
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DISCUSSION

Comment: Since 1916 we have been trymg to get
drinking water standards that are acceptable for
potable water, that is, somethmg you can put in a
container, see, 2nd observe. in, we haven't got
any uniformity there. The uniformity, or the lack of
uniformity, rather, comes from not being in con-
stancy one State with the other. How in the world
are we going to train, and where are we going to
get necessary professional-type people to make
these studies that can say this is up to standards
and this is how it can be maintained.

The point was made earlier that techrnicians can
do this; I submit they can. But, when something
overwhelms the system and turns off the model and
goes beyond the belljar, then you are in deep trou-
ble. You don’t have time in a major facility system
to wonder what happened, you have to correct the
situation, Where are these people coming from?
The engineer who graduates this June will only be

- one-half of the people who will be needed for other

types of engineering.

Mr. Oriob: I'm not sure I have an answer for
that. Those that have associations with academic
institutions are trying to d® something about that,
but we are shffering the consequences of a lag in

* training of professionals that was imposed on us

about 10 years back when it was much more' glam-
orous to be involved in electronics or space explora-
tion. I think that we are now suffering from lack of
support for training and research. We in the uni-
versiti€s are desperately in need of that support
fron? governmental agencies.

We need support of EPA, for example in the
programs that will bring about required training
for young engineers, chemists, and biologists with

¢ environmental orientation. Incidentally, we have

such a tremendous interest on the part of students
at the University of California with whichIam affil-
iated, and we can’t handle them™31l. We don't have

opportunities for them that are competitive with

those of other fields in which there
available.

One of the important parts of our support capa-
,bilities in the universities has been the training
grants program, provided for a considerable time
by EPA and its predecessors, but which is being cut
off in the next year or so. This is a great loss to aca-
demic institutions in attracting qualified students
to environmental programs.

i}s money

:.. The problems we are dealing with, I think, are

more complex than they ever were; they require
training of people with depth of understanding and

sensitivity for environmental matters, even though

young and as yet unskilled in the appllcatlon of new
technology. .

_ THE INTEGRITY OF WATER

Comment: I was intrigued by your comment that
the goals of management objectives are often inade-
quately defined before modeling gets under way. I
wonder if you would like to reemphasize that point
and perhaps touch on what recommendations you

would like to make for research and development in~

modeling.

Mr. Orlob: I think there have been some good
steps taken to correct that situation. One of these
was made by EPA recently in its River Basin
Modeling Program. .

Up to a certain point in time, most of the models
that were developed, of the type described in my
talk, were developed under special research con-
tracts. That is, they were discrete model develop-
ment projects not related to planning. This phase of
development was great; I participated in it. But, a
question arose as to whether these models would
ever be brought to bear on real problems. During
this period there was a proliferation of models, far
beyond our real needs.

o~

o

Probably about .90 percent of those produced are '

really not worth anything to environmental plan-
ners and decisionmakers. EPA undertook, a year or
two ago, to take those models that were best docu-
mented in the literature and, although they had
ane deficiencies, to apply them to real river basin
planning situations,. to prepare them for use by
planpers, to document them properly, to calibrate
and verify them. This was done for some 25 river
basins and a dozen or so models. I believe in some
cases the effort was a considerable § success, because
these models are now being used as tools in plan-
ning in a number of States, and at the State level.
I'm sure you will find some of these models being
used, for example, in 208 planning studies that are
now getting underway in many States.

Nevertheless, I do think there is still a need to
continue some basic development, extending our
understanding in fpndamental behavior of the aqua-
tic environment. There is much that we need to
know and to do to make our models.

EPA and others who are involved in action pro-
grams want to see these tools tuned a bit and then
applied. The greatest benefit that we can realize
now in the modeling state-of-the-art comes from
actual application. Through applications model
users will'learn limitations and deficiencies of such
tools and techniques. I believe we have enough
models now; we need merely to understand them a
little better.

A number of our earlier models were developed
in the context of actual planning studies and served
some useful purposes there. Estuarine models have

" been notable examples; they were quite widely

used and still are being beneficially applied in plan-

) ! v .
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ning sityations. I think such models are rather well
developed. Perhaps ecologic models of lake and es-
tuarine environmental systems are not yet as ad-
vanced. I would like to see a continuing effort on a
modest scale in resear&h related to modeling. More
emphasis should be placed on application, checking,
and verifying of existing models.

One last cor"nment: it seems to me that there is a

need for § sort of national register of modeling
capabilities. At present, it is exceedingly difficult to
identify sources of pperational models and com-
puter programs. Most of this technology is widely
dispersed and not at all coordinated as to specifica-
tions, quality, and availability. A national register,
such as’ suggest could fill a critical need and bring
order to the modeling art.

.
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The management of a region on the basis of its
hydrologjcal :system is ‘as old as man's culture.
. Dams were built on mountain slopes (the rice pad-

dies in Java) and in rivers to retain the water for
human and irrigation uses. Later, navigation fe-
quirements became economically of importance and
water level controls were bujlt. Dams, locks, and
dredging operations were undertaken to cater to
the need of this particular water use. Famous
examples are the Rideau system in Ontario with its
47 locks, and the 360-mile long Erie eanal with its 82
locks; both bujlt between 110-140 years ago when
navigation was a predominant water use. .

A further significant step in water use develop-
ment camewith the advent of hydroelectmc power.
The signifigce of this water use is particularly
great in Canidda (82 percent of total electricity prod-
uction). Inthe U.S: it accounts-for 10 percent of the
national powet productxon The provision for all

these water requirements in the form of reservoirs,,

aquaducts, locks, and dams created, in general, fine
examples of contemporary engineering skills.

Yet, it is only in the last decade that we have
come to experience that all is not well—in the
course of our dealings with water, we have gravely
neglected the multiplicity of its uses, of its features,
and the ubiquity of its nature.

This seminar attempts to shed lxght on the vari-
ety of aspects involved in the phrase “the integrity
of water.” I would like to contribute to this diseus-
sion by focusing on water uses and their functions
and relationships.

Figure 1 shows the three major categories of the
functions of water: the biological, the environ-
mental, and the economic uses. The incomparability
is striking. In human biological use we work in mil-
ligrams or litres; for industrial waters, in billions of
gallons; and for power uses, in acre-feet. For envir-
onmental use, a quantitative expression is often not
relevant.

Water is part of the hydrological cycle on a
. worldwide scale, and it is part of animal metabol-
ism. It is both outer environment and inner envir-
onment, at the same time. Being thoroughly con-

WATER. ...
"EVERYTHING FOR EVERYONE"

AS ECONOMIC .
PRODUCTIVE GOOD

FIGURE 1

fused by this complexity, mankind until recently
_was not quite able to deal with water in a fashion
" consistent with his dealmgs with the other materi-
als and commodities. The ownership concept, as ap-,
plicable (Figure 2) to nearly all human products and
most natural resources, was only applicable in a
half-hearted way. Although common law recog-
nized Riparian Rights, they never attained such a
clear, decisive status as, for example, property
rights. Ih fact, the broad intent of Riparian Rights
appears to be impracticable. The market mechan-
ism did not work for water exther, this was, of
course, partially the consequence of a lack of defi-
nition of ownership—the fact that wateryis a com-, .
, mon property resource. .

The variety of and the competition fof simultane-"
ous uses— (fishing, navigation, and sewage dllut,lon
for example), and further, the occurrence of sé- =
quential uses (for example, the chain: mountain. .
brook - drinking water - sewage - lake - drinkjhg ..
water) —were not regulated by the market mechan-,
isms. There is no generally and conveniently ac- -%
cepted way of paying the upstream user for not pol-’
luting. Similarly, the upstream user cannot pay the
downstream user for the'privilege of polluting. , ,’

In history, the disasters caused by sequenti’a}
water uses have perhaps, dominatedthe field of
man's communicative diseases until thé use of chio}”
rine in water treatment was introducéd. With thj

\
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THE SOCI0-ECONOMIC ASPECTS
OF WATER MANAGEMENT

—OWNERSHIP: WHO HAS RIGHTS?
—SHORES & RIVER BANKS: WHAT RIGHTS?
—CONFLICTING WATER USES:

¢ SIMULTANEOUS
¢ SEQUENTIAL "
e WIOELY VARYING PURPOSES

«INSITU
+WITHORAWALS
+OILUTION OF WASTE

.7. AND THE “MARKET PLACE"” HAS NO MEANS
OF RESOLVING THE CONFLICTS. =

FIGURE 2

v

/ £
step, -it looked as if a comfortable /Hlateau was
reached. But it was soon learned thst this sanitary
achievement only gave a tempofary relief. Ous
understanding of the water syjtem was still far
from complete. 4
In 8lose range, new pro
industiial waste, eutro tion, toxic substances,
radioactive wastes, thepthal wastes, introduction of
alien fish species, d®p in fish harvests, contam-
inated fish productg,{éil spills, et cetera.
Definite conclusions arise fron this list of ills:
1. All are .¢aused directly or indirectly by
man’s activitieg./
2. Althgdgh all problems originate with man,
each is part of a different man-environment rela-

» tionship. 7 ?

e ’ '

3. Damages were incurred by the forest and
flora, sbﬁ:imal, wildlife, and fish populations, as
well 48 by humans. - These damages, of course,
variéd frorfi case to case and were seldom limited to
op*f‘ ategory only. .
4R becomes apparent that water management is
g t possible without accounting heavily for man’s
. /\/,%fr;activitiés, and further, we have come to see the

;79" problems of water not in the narrow sense—i.e.,
the water within the boundaries of shores and river
bariks —but inthe organic totality of the watershed.
Water in the watershed forms an orgapic totality
with the soilsand vegetation in that watershed, and
with the entire animal, fish, and human populations
including all their activities in' that basin, and, last
but not least,-the climatic conditions of the basin.
The watershed is, in fact, a big pipe: in comes rair-
water, clean or loaded with chemicals; out flows a
liquid, ‘sometimes loaded with chemicals, some-
times carrying excessive heat and perhaps even
radioactive partiéles. On its journey through this
big pipe, this water has been used, over and over
—bringing into each process whatever was left of

-
]
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i -
the préviol}ls processes, cleaning up somewhat by’
assimilation processes in between. -

This unique and complex set of relationships and
interdependencies is The Watershed System. Any-
one who attempts to manage such a system cannot
manage it in ignorgnce of the fact that, ifr such a
system, Everything is Related to Everytling
Else.* For the manager not only needs to know how
the maip system belaves, he should be well aware

_ of the behavior of the many subsystems included"

within the main system. I have attempted (Figure

3) to list the main systems and some ‘major subsys: -

.

tems playing their part in the watershed. R
The use of systems analysis can brlpg order to
this chaos of complexities by providing mechanisms
for systematic searching for intérrelationships and
for building conceptual frameworks wherein the-na- -
ture of these relatiopships can be expressed,
studied, quantified, and tested. With systems
analysis approaches one can study the whole
without losing touch with the parts! .
In the 50’s and 60’s we made the step from single
purpose development - objectives for water re-
sources to multip}€ purpose development. In fact,
this only meant’thiat instead of one, two or three
purposes were pursued. But this is far from a com-
prehensive appro%ch. Therefore, the latter concept

—— !
+.. *Credit for this éxpression goes to Dr. O. M, Solandt, former Chairman of the
ScienceCouncilo(Camd{z !

¥ ~ ' .
THE ELEMENTS OF THE WATER $HEO

NATURAL SYSTEMS \ R

—GEOLOGY, HYDROGEOLOGY . s
* ~TOPOGRAPHY | . T
—PHYSIOGRAPH% : v \
—~CLIMATE ! -

—~WATER RESOURCES
« o PHYSICADN GHEMICAL, BIOLOGICAL
e LIMNOLOGY ‘
e FISH POPULATION .
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e SEOIMENTATION
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now needs further deepening to become eventually
what I would coin as a “harmonic basin develop-
"ment concept.” This is considered to be a state in
which all aspects and purposes have developed, or
are developing to an optimum.individual condition
with a minimum damage to other aspects. Maximiz-
ing o} all potentials, along with minimizing of all
damages—the aim is the attainment of a delicate
balance. Such a condition can only be obtained by
careful planning, and careful planning in turn can
only be successful if it is based on knowledge and in-
sight into the problems.

When one attempts to undertake this exercise it
. becomes immediately and painfully apparent how
much we do not know, despite the great number of
scientific achievements. Much of our knowl-
edge —of necessity —has been formed in separate
disciplines; the linkages have now to be formed.  ~

The assumptions in one disciplinary field are
often the subject of study in other disciplines. What
I mean' is that any one problem-parameter is gen-
erally .expressed in terms of one or more non-
- problem-parameters; at least in the terms of a par-
ticular scientist or a particular discipline. However,

+

non-problem-parameters in most cases are prob-

lem-parameters for other scientists or for other dis-
ciplines. This condition brings us to the heart of the
problem of(watershed management. It is a highly
multidisciphnary task. What was taken for granted
in single purpose resource development, and rea-
sonably acceptable in multipurpose development,
has now lost the basis for ifs validity nearly entirely
for the harmonic basin development concept.

For example, a so-called multipurpose water
management plan might have aimed at resolving
" conflicts between hydropower, navigation, ahd
drinking water needs. But this limited set of consid-
erations is no longer acceptable.

The “water-quality-man” thought before in terms
of concentrations of contamirants in the.water.
Once one had managed the analytical techniques, it
was then a-simple matter of establishing some cri-
teria based.on {he known toxicity of the substance.
Now we know that one cannot, look ‘at concentra-
tions in isolation. Biological amplification can-in-
crease suclr concentrations many times.if suitable
biological chains —of predator and})prey—exist. ’

The forestry industry needs budwernr control
programs as a part of our economic livelihood. But
such a program —using pesticides —immediately af-
fects the health of fish and wildlife and perhaps,
- indirectly, the well-being of the basin’s’human pop-
ulatiorf, The pathways of contaminants are often
not clear. That some of this type of waste comes
back and affects the health of the populations is un- |

avoidable. The costs of such effects are largely un-«

N
known at the present, but they might be important
enough to cause economic concern in addition to
social concern. .

Much, if not all of this, depends—as the conven-
tional wisdom has it —on the people’s choice (Figure
4). But reading the people’s choice is not an easy or
simple matter. Sociologists have not been able to
map out clearly the People’s perception of the water
resource, and their attitudes based on such percep-
tions. Again, the multiplicity of water uses makes it
extremely difficult to map out clear preferences of
the population. This is even a much graver problem
il we realize that water has also a strong locational
feature, a strong regional aspect. .

Because of the absence of the market mechanism,
as it is available for commodities, the channels of
commmunication of the population for the purpose of

formulating decisiond and the feedhack of such deci- _

sions are extremely unclear. Nevertheless, as we
all can observe, they are, in all aspects, real.
This obvious vacuum in the system has been

filled by thé governments (Figure 5). They are -

charged with the difficult task of equally distrib--

uting benefits, and disadvan{ages, of the water re-

source to their populations.

I have been listing all the negative points, all the
problems, and the lack of sufficient understanding
of social, chemical, physical, and biological pro-
cesses, It is now time to come to the more positive
points; to discuss the ways open toward achieving&
harmonious watershed ‘development. The critical
function in this process is “‘conflict resolution.” This
conflict resolution should take place in each of the
hierarchically arranged strata of the watershed

_system. Then, the consequences of each choice in

-

* FORMATION OF PREFERENCES IN WATER
RESOUREE MANAGEMENT

Y
PERCEPTIONS

SOCIOLOGICAL "~ |

PROCESSES-
ATTITUDES
. . ECONOMIC
ALTERNATIVE PROCESSES .
OPPORTUNITIES
GOALS & OBJECTIVES Ce L ’
FORMULATIONS
FIGURE 4



‘THE INTI;:gRITY OF WATER * _—
, TASK OF GOVERNMENTSIN MANAGEMENT OF WATER. . . each other too quickly, often confuse the pubhc and
: - . ’ "‘create -feelings of instability. Social “and environ:,
. b
- . mental experimentation are beyond our capability,
~and certainly befond responsible behavior if the
: consequences of such an experiment could be dis- .
o astrous. 7~
Simulation is then theé only way out, and through
. simulation the cybernetic potentials can be tested
' for their usefulness, and their potential for transla-
tion into policies and programs. Conflicts can be re- _
. solved at each level of the system’s hierarchy; the
tradeoff$ can become clear. The need for data—and - -
! applied research —follows from sensitivity analyses
. proced)}res Hereby, the results over time are
. P T'o CUT THE WATER ol tested for their sensitivity to variations in key de-
o o terminants of the system.
® FIGURE 5~ \ i The watershed management concept as I have
» . R described it so far, is now being used in various
1 - basins of the world although at different levels of
Lt the conflict resolution process should be worked out sophlstlcatlon Some_examples of well- established
to assess the various impacts resulting from these “river basin management agencies are the Ruhr
. choices in the future This latter.phase is extremely _Area Genossenschaften in Germany; the River
’ important. Hlstory‘has shoiwn us in so many fields Basin Boards in Britain; the River Basin Commis-
and cases that the outco f well-intended pro-  sions under the Water Resources Planning Act '“l
graths and policies turns sbur in a number of years.  (1965) in the U.S.A. ‘(such as the Great Lakes Basin
'This is no surprise to systems analysts, who are  Commission); and the basin studies set up through
well aware of the fact that complex systems tend to Jomt Provincial/Federdl consultation under the
behave counter-intpitively. - . ' Canada Water Act.
N Conflict resolution balances interests against in . I will now dwell for a few moments on the joint~
.t terests: health interests against economlcewelfare\ basin studies ih the Great Lakes to exemplify the
wildlife against forestry, fish against fisheries, and \ application of the watershed concept as a manage-
_ so on. There is no clear common denominator for _ment tool. Under the Canada-U:8.A. Water Quality
. this balancmg ‘process, although many attempts k ent of 1972, and under the auspices of the ,
. "have been made to use economic criterialas common Inte atmnal Joint Commission, intensive stu
. ’ standards. The fallacy’ of this thinking—as an - plans2i mg carried out to study (a) the pollution
. 6m. ibus solution — has become quite apparent. Re-  of the upper Great Lakes and (b) the pollution from
’ search is active in this field but no comprehensive  land use aétivities in the Great Lakes. The broad-' )
solution has been formed. Nevertheless work can  ness and the multi-diSciplinary scope of study 4s
continue even wijth less perfect tools. unprecedented. Data and surveys range froni space
o l;;;'A}Il'h@Q{'uplexity of all the elements making up the s , "
R avior 'of a watershed system is-too great to be ; ' T ‘
*, synthesized within the' minds of mdlvndgurals [Com- TIME LAGIN VYATE.? oA \‘1\’ FEE,DBA‘\E‘K '
puterlzed snmulatlon models are the essential tools ~ ¢ - i N , '
in this process. The model, like a huge accounting . HUMAN ACTIVINES'IN  ~ .
machine, keeps track of all the entries (parameters) ° GREAT LAKES BASIN
in all their proper relations. Watersheds are not R P
only complex, their reaction time, in some cases— ; WATER'QU‘:L'TY CHANGES
as for example in the Great Lakes—is very slow -  TIMEIN y\i\ARS-FOR.
_ {Figure-6). And such slowness requires a.consider- 90% DISPLACEMENT
o, able policy lead time (Figure 7). Also, the cumula- . ‘
. tive nature of contaminants and the processes of )
+ biological amplification are long term effects. Of the R
_social aspects, changes in ‘attitudes of the popula; .
tlor‘ake pl,ace\only very slowly, and economic adX’ T . >,
N . justments in the basin are slow.and often painful ) ' , T ’ *
Likewise, institutional adaptations, if they follow - '  FiGURe 6 .
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‘observations throuéh the ERTS  Satellite (Earth
Resources Technology Satellite) to the electron
mictoscope observations of asbestos fibers, and
iﬁdepth social analysis. ° N
On this broad scale, trends are being developed
for a period of 50 years. Changes in technology, eco-
noric struéture, population, and attitudes towards
_ the limited resources of this planet, are being ap-
plied to the Great Lakes Basin Studies.

The increased desire of watershed inhabitants to
have a direct input into watershed planning that
may affect their quality of life and the. values of
their possessions has led to the formulation of vari-
ous channels—different for: different jurisdie-
tions—for public participation-in water planning
* and management. For decades we have planned

hrough processes of simplification (of hecessity!).

‘Present-technology allows us to go complex again; ~

to take into‘account valuable details brought for-

ward by public participation. This is expressed by
» the International Joint Commission Public Hear-
ings Program. k \ )

* Models for atmospReric loading of pollutants

from industrial activities, for.water quality, for

socio-economic aspects, and for policy analysis, are
all,part of this huge effprt in which the two coun:
tries, the basin States, and Ontario cooperate.

Other mod e being developed at university*
research institffbes. For instancg, the Systems Re-
selirch Center ofCase Western Reserve University

is developing Bj)ua%er management model as a tool
for policy analysis. Figure 8 shows a compressed
conceptual diagram illustrating the.flow in a sub-
model for policy analysis. Canada Centre for Inland
- Waters has developed water quality models, hydro-
dynamic, physical, and biochemical models. The
Center for Geographic Analysis of the Institute for
“Environmental Studies of the %iversity of Wiscon-
sin in Madison is working ona heuristic model of

. . ¢ . \ .
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the Lake Superior Region, and York University,
Toronto, is working on a Waste Loading Simulation,
Model for the Great Lakes. The schematic repre-
sentation of this model in Figure 9 shows that the
link with the physical models is still missing. ‘
These are only a few factors in the. field; outside
the Great Lakes many other attempts are being
made at modeling watersheds. This should not be
considered as wasteful, duplication. Because of the
complexity of the matter, many viewpoints are pos- -
sible, and although apparently contradictory, they
often are not so in the context -of the larger sys-

WASTE LOADINGS POLICY |
SIMULATION MODEL -,

SCHEMATIC OVERVIEW

POPULATION
POP

ECHNOLOG
TEC T | INTEGRATOR
R INT
L ECONOMICS -
ECO
« WASTE LOADINGS
A S ACCEPTABLE TO
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SOC \
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THE INTEGRITY OF WATER

tems. Where the old disciplinary models describing
the phenomena in each discipline were’ probably
correct in their own way, they now seerfto lose
some of fheir neatness in the broader set of options
provided by a comprehensive model, and one of the
dﬁfncult tasks, which was only undertaken in recent
years, is to bring these disciplinary models to-
gether into comprehenswe basin models. The stage
of developing linkages is still fairly primitive. 5

In conclusion, hydrologic engineers, limnologists,

economists, fish biologists, toxicologists, and legal
analysts have to come to ternis at the peripheries of
their various dlsclplmes And the problem of this is

3
much more than a.human or dlsclplmary one. It: isin
1act, a thrust forward to a higheX level of compre-

hension. InN this effort all inputs from different

* organizations are needed to'obtAin a really compre-

hensive understanding of the problems with a
realistic accounting of all the possible factors.

" The concept of the watershed has begun to lead
us to an adaptation of our institutions to recognize
socio-physical realities that cannot be neglected.

This adaptation will further affect our public and
design to include the integrity of
a residual,. but as an integral design

private wor

water, not

specification.
~N
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THE STATES’ VIEW -

RONALD B. ROBIE ‘ .
Director, Department of Water Resources
The Resources Agency

State of California

Sacramento, California

¢ Al
!

I appreciate the opportunity to partlclpate in thl§
Symposium afd to present an mterpretatlon of'the
States’ v;ewlofwthe integrity of water. .

Thus far, the program has dealt with integrity

from a physical, chemical, and biological point of
view. From the many interpretations presented it
can clearly be seen that integrity, like beauty, is in
the eye of the beholder.

In spite*of the wide variety of comments that
- have been made here, basi the presentations

can be categorized as technical or-scientific in na-
“pdlitical” view —in
indeed.

we see the
> And that is very broa

ture. In this pane
the broadest sens

\Whether the approach is techmcal or political\how-

ever, each of us at this session interprets the integ-
rity of water on the basis of, our day-to-day relation-
shlp&to water management or mlsmanagement

1 am aware of this personally because I am in
transition. When this program was prepared, I was
a member of a State reguldtory body with responsi-
bility for watier quality and water rights. Last week
I becamé the director of a State department
charged with constructmg and operating a major
water project and-carrying out water conservyation
and development planning.

In addition to the institutional structures that can
influence interpretation of integrity, there are geo-
graphical factors as well. My native State is a land
of contrasts. There are mighty mountain streams
and vast areas of semi-desert. Unfortunately, we
have located more than half gur 20 million people on
that water-short desert area.

From a water quality standpoint,- we have used
the ocean as our principal disposal receiving area
for urban wastes. Yet, 85 percent of our water use
is by agriculture, and its problems of waste disposal
are vastly different than those of a primarily };rb'an
.area. Further, most agricultural problems aré lo-

cated inland in fertile valleys which afford limited
possibilities f6r disposal. -
Having sufflclently warned you of my 1nst1tu-
tional and geographlcal biases, I would now like to
offer my interpretation of the integrity of water.
This interpr%tation, while necessarily drawn from

\

&

)

presented by .
PORTER TOWNER | . : -
_ *Chief Counsel o . .
. . , J
# - \

—

my experiences, tries to consider the forest and not
just the trees.

H‘lstor;cally, the control of water quality has bee
the primary responsibility of the States, and that
basically a sound system. Theoretically, the Sta;g
should not be as susceptible to political and
nomic pressures as local government agencies tra-
ditionally have tended to be. Nor are the States as
remote from specific areawxde problems as the gov-
eérnmenton the Potomac. &« .

Since 1972 the States’ authdrity has been
strengthened by the establishmert of a National
policy on water quality. The previous threats of

some polluters to the States—“You're drlvmg busi- -

ness away. We cap’t compete because others in the
field*will not have the same expenses you are fore-
ing on us. We'll move out if you get tough' —are ho
longer effective. . r

Even though the Federal Water Pollution Con-
trol,Act Amendments of 1972 —through the estab-

lishment of National go#ls and a relatively uniform |

level of potution control—rest ct the discretion of
the States to som ee, immense authority and
responsrblllty still remain. For example, the law
gives the States the 1mpetus to expand their Fegu-
latory authority through administration of the

“NPDES persiit system. And there are yiany tasks
left to accomphsh such as: regulation of di harges
" to ground waters,
vative planning, and designing institutional means
for implementing plans.

Historically, the water allocation process, as rep-
resented by water rights administration in the
western. States,. is also a State responsibility. Al-

hough here, too, there is a substantial Federal in-
luence — through the activities of Federal construc-
" tion agencies and Federal exercise of water rights
. —there is still much the Stdtes can do. Agam asan
example water rights adrmnlstr‘ators in the States
can mcreasmgly define the ° pubhc interest” not
only in econdmic terms but also in a manner to rec-

" ognize the myrlad of noneconomic social values as

well,
Thus, the States’ role 1s~potent1ally a large and

< 211
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onpoint pollution control, inno-,
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THE INTEGRITY OF WATER

~ ' . L]
important one —but one that is not.easy.to perform. ~ &nost valuable in assuring the thorough analysis of

The basic challenge is to reflect society’s values and
maintain the integrity of water at the same time.
Conflicts are inevitabld] ' . -
For example, preserving a free-flowing river in
its original state is increasingly & goal of modern
society. The use of river flow is in conflict with-such
an integrity of water, and yet the use of river flow’
is often a mecessity. L
here is a recognized need for reclamation of
waste water but insufficient, effort has been gener-
ated. toward solying potential heglth problems

alternatives. It cannot just be a tool with which to
justify a project already committed or to explain a
decision already made. The environmental impact
process must be made part of the planning process
itself. And we must fully, and at an early stage, in-
volve the public in the environmental impact pro-
cess. . . ° -

I would point out, parenthetically, that in spite of
the usefulness of the impact process—as demon-
strated at the Federal level and by several States
—less than half of the States employ sucirproce-

which may restrict the beneficial uses to which such *, dures.

water tnay.be put. In addition, traditional econom-
ics weigh heavily against the environmental bene-
fits of wastewater reclamation, yet there is neluct-
ance to face the need to price water ifi a manner
which would induce conservation of the supplies.
Some groundwater basins are subject to-severe
overdraft, while others experience high water
tables to the point that agricultural crops are
threatened. In spite of this, there is often a lack of
law

against attempts to enact appropriate legislation.
There are problems of salt buildup in soils and

this requires flushing—and a subsequent degrada- _
 single-purpose governmental agercies, but which

"tion in water quality.
In many areas there is a real controversy over

of economic and environmental “tradeoffs.”

There is continuing competition for water sup-
plies between instream use for fisheries and recre-
ation and consumptive usg dustrial, agricul-
tural, and domestic supplies. c .

Water use is also related 38 land use. In fact,
there are those; who would accomplish restrictive
growth policy thgough limiting water supplies.
However, the record to date is one of confusion and
inconsistency. c N

I hope you-are detecting a thread of continuity
here: namely, the comgplexity of the problem of in-
terpreting and maintaining integrity of water from
the States’ point of view. The Stated’ responsibility
to maintain the integrity of water must be worked

N

“into a total response to the needs of the public. In™

“lact, the States’ interest and the public injerest
should really be one and the same.

I believe the future holds the opportunity for ag-
gressive, innovative and bold actions by the States,
through which they ¢an preserve their role in main-,
taining the integrity of water. There are several
ways to make this possible.

The first method is to strengthen the environ- -

mental impact process.” The impact statement is

- . .

nd institutions whicht could protect' these .,
basiné and often tremendous pressures are exerted

. ¥ Apother means of maintaining integrity is

through innovative problem-solving. The States'
need to be willing to explore the use of solar en-
ergy, geothermal resources, wastewater reclama-
tion, Yroundwater management, and, most impor-
tantly, water conservation practices. In addition,
many more imaginative and innovative changes ip
institutional management and applicable legal doc-
trinds will be necessary if the States are to maintain
fhe integrity of water.

.Finally, a more sophiséicated approach to coordi-
rated statewide resources plannin[g\must be taken.
We need to set statewide goals—goals which are
not narrow and oriented‘togﬁ:e special interests of

4

best represent the truth and integrity of waterina -
whether powes plants should be sited on the coast . society determined to élimina?g wastes with effici-
or inland. Both siting alternatives have their share¢  ency and with the public interest foremost in mind.
This is not as easy as it sounds. Often “peaple in4

high plades” have been educated in certain fields
and are reluctant, or in some cases unable, to break
out of traditional molds to consider true’alterna-
tived. To-use an example not related to water, but
which basically illustrates my point, consider the
transportatien planrer. Traditionally, the planner

ssibilities to be considered.
e folly of statewide plans for’
ased upon the philosophy of.
those who mak r living by theymile. Likewise,~
we must view with suspicion statewile water
which are produced by those whose philosophy is
based upon the acréfoot, or for that matter, upon
the discharge requirement alone. We need to view
the whole and place within it the piéces—each in its
proper* position. We need to reeducate planners,
not only by college courses in new concepts, hut
through receiving input into the planning process
from other disciplines, including those associated
with environmental protection. - |~

We must recognize and institutionalize the obvi-
ous fact that water quality and quantity aretin-

limifing thescope of
can mw see }
freeways primarg

.’sta‘xgd with the-concept of the automobile, thus

" separable. As strange as it seems, this is a fairly

lans .
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new concept and not reflected in the 1972 Amend-
nients. Traditionally, in the western States the
main problem occupying those concerned with

water resources development and management hag |

been quantity of water—just getting the water to
the right pﬁce at the right time. In recent years,
quality has become.a key factor, something we can
no longer take for granted. . . .

In most States, includgpng my own, we are still
struggling to respond to changing obligations of the
States. But meet them we must, or the States in
this Nation will run the risk of abdicating their re-

" sponsibilities. Neither can we afford to kick our
- problems upstairs instead of tackling them.
- Above all, the States must not sink into bureau-

.cratic inertia. Such an event is not an impossibility ‘

and it would truly be a tragedy. The noted critic
Brooks Atkinson once wrote: “Bureaucracies are
designed to perform public business. But as soon as
a bureaucracy is &stablished, it develops an autono-
mous spiritual life and comes to regard the public as
itsenemy.’

Surely the States can avoid this pitfall for the .

goals of our Federal environmental statutes and our
own common sense tell us.that, unless the integrity
of water is maintained, our Nation canngt long sur-
vive. These gogls are iiot yet universally accepted
by those implementing efforts in the States—at
least net in every place at all times. But the States
and their local governmental subdivisions must
. strive for universal acceptance and implementation
of these goals.
~ The integrity of water is not an abstract concept.
It is a challenge, an obligation, and a necessity.
Whether we are involved as technicians scientists,
or politicians, the public expects us to meet the
challenge —and we.ghould demand it of ourselves

]

DISCUSSION Do ’

Comment: I presume that_California, as most
States’ lias some form of a non-degradation policy
incorporated into the water quality standards.
Could you describe that policy, and how or whether

' you are implementing it, and what kind of success
you've had?

Mr. Towner: We do have such a policy, in Section
13000 of the California Water Code. I hesitate to get
into the detai]s of it. We've had it for soine time,
since 1949.

In California, the administration of water quality
and the Federal Act responsibilities are with what
we call the State Water Resources Control ‘Board.

_ This is a five-man board. Then we have nine re; .

gional boards. All have non-degradation policies.
Your best bet foff details is to contact the Water

INTEGRITY — AN INTERPRETATION
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Resource Control Board in Sacramento.

Comment: From the perspective of the State
government agency, do you feel that P.L. 92-500
has established a reasonable and workable balance
between Federal, State, and local government
sharing of responsibilities and funds for achieving
or maintaining the 1ntegrity of water?

Mr. Towner: I think it is not perfect, but it is cer-
tainly a step in the right direction. It's not self-
effectuating and the administration, I think, is as
impoitant as the layv itself. I recognize that there

are some critics in 'some areas, but overall it has

>

worked in California.

On the construction aspect of it, as you knew, the
Federal government puts up 75-percent and the
locals have to put up 25 percerit. In California, the
State is putting up 122 percent, so a local agency
only has to pay 12'/2 percent of the cost y

We’'ve done this by two bond issues, one in 1970
and one in 1974, each of them for $250 million, so
we've had 3500 million to work with.

The point I'm trying to make is that you can 't rely -

solely on the Federal Act, itself. I think the States
have to do something, both in spending some
money on project development and on staffing.
Comment: In the 1974 Municipal- Needs Survey
conducted by the States for the purpose of identi-
fying publicly owned wastewater collection and
treatment facilities needed to implement water
quality standards, as I recall the figures now, out of
about $350 billion 2ﬁ?itionally, California has about
$90 billion of that. I believe, far and away, the bulk
of it was in a category of needs that has only re-
cently been considered important, mainly cantrol of
urban stormwater, runoff. Do you see $90 billion
lying around anywhere to solve those problems?

-~

Mr. Towner: "No, I certainly don’t. I know that

California has more than its share of problems and
of course in the big areas, the southern Calijornia
area, you get what they call “flash floods.” Millions
of dollars have been spent there just on getting rid
of the water when it falls because when it runs off,
unless you have proper channelization, it can take a
number of people and a great deal of property with
it.

Comment: As a lawyer, what is your definition of
integrity? -

Mr. Towner: Well, to tell the truth, before I
came, we had time to go to a couple of dictionaries

and look for definitions. Integrity, I think, as we'

use it here, or at least as we were trying toQise it in
our paper—

Comment: I didn’t ask for the interpretation; I'm
not a lawyer, so I don’t know. What would be -a
leg#Pdefinition of integrity?

Mr. Towner, I don’t know. I'd have to go to the
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law books and check that. We didn’t do that.
-Comment: What is your opinion?
Mr. Towner: Well, I think with respect to water,

‘it means the highest and Best use of the water.

s

Comment: Best use, then how would you inter-
pret that in terms of the water quality? Would you
say that thjs,medns that we havelto maintain that
best use eyerywhere?

Mr. ’Iﬁner: The best we can.

Commeént: That's a shade away from it.

Mr. Towner: As we mentioned in our papet,
many of us would like to maintain some streams in
the wild state. In other words, don't mpnkey with
them in any way whatsoever. In many caSes, how-
ever, this just isn't possible,

Comment: No argument. What about some of
these fault problems in Califérnia?

Mr. Towner: We have to.solve them. We are
working towards it ;zf)w

Comment: I mean that you are going to tolerate
that from the standpoint of integrity? You feel that
doesp't affect the integrity or it does?

Mt. Towner: It does if you are using water so that
tltimately you are going to irreparably damage the
source— by ruining the ground water, for example.

Comment: There are a couple of more words com-
ing in there. You've gone frorh clear water, rushing’

streams, and so forth, to damaging itreparably, and
that is a big gap.

Mr. Towner: Let me tell.you. In the San Joaquin
Valley we are drawing down our g‘oundwater table
several feet each year. We've‘ got to ultimately re-

- . A

charge that. That is just the groundwater-problem. *
Also, there isn't’an adequate master drain now, and
the waste discharges, while not yet irreparably af-
fecting the ground water, aren’t doing it any good.
Ultimately, they could damage it so 1t can’t ever be
reclaimed. -

Comment: How do you Justxfy'7

Mr. Fowner: You don't. Therefore, we're going
to'do somethmg about it before it is too late. Our
State Water Project has cost the State government
$2 billion to date. An authorized unit is the master _
drain in the San Joaquin Valley; when this is built,
it will get rid of that salt. It will take it out to the
ocean.

The problem here is that this drain will cost may~
be $200 million, and at the present time, the land-
owners in the San Joaquin ValIey are unwilling to
undertake full repayment. So it is stymied. Perhaps
the statewide interest will be considered adequate
in the future to build it without complete repay-

ment.
Comment: We've had discus®on on the previous

day about your problem and the solution. We're
wondering, what is integrity and what is the intent
of the Act, where’do we go from here—can we.
That is what I am trying to bring out of you as an
attorney.

Mr. Tawner: I wish I could defmltely answer your
question. It is a challenge, that is all I can say for
sure. But I appreclate the opportunity to wrestle
with the problem.

.
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cussions about the “intégrity objective” of the 1972

There is ong pomt thg_\s often overlooked in dis-

Amendments. That po

t is that the statute specif-

ically calls for an asSessment by EPA of the'factors
necessary to restore and maintain physical as well -
as chemical and biological integrity of the Nation's
waters. - -

The point is overlooked, I think, because the dis-
cussions usually take place among water quality en-
gineers whose primary attention is to the filtered
water sample. My point is that the Act seeks eco-

system integrity and rec

izes that all three com-

ponents—chemical, bioldgical and physital —must
be addressed. Rather than belabor the point here, I
would like to introduce into the proceedings at this
point a letter to EPA on the subject written by my

organization last year.

Q

-

> April 11, 1974

Mr. Kenneth M. Mackenthun ‘
Director, Water Quality Criteria

Office of Water Planning and Standards

U.S. Environmental Protection Agency

401 M Street, S.W.

Washington, D.C. 20460

Bear Mr. Mackenthun:

Pursuant to Séction 304(a) of the Federal Water Pollut)on
Control Act Amendments, EPA is to publish criteria for
water quality which:

accurately reflect the latest scientific knowledge (A) on

thekind and extent of all identifiables{fects on health and

welfare including, but not limited ta, plankton, fish, shell-

* fish, wildlife, plant life, shorelines, beaches, aesthetics,
and recreation which may be expected from the presence
of pollutant§ in any body of water . . . (and) (2) shall pub-
lish . . . information (A) on the factors necessary to re;
store and maintain the 'chemical, physical, and biological
integrity of all navigable water, ground waters, waters in
the contiguous zone, and the oceans; (and) (B) on the fac- -
tors necessary for the protection and propagation of shell-
fish, fish, and wildlife for . . . receiving waters . ... , and

(C) on the measurement and classification of water

qualitys - - -

To fulfill the above mandates, EPA published in October,
1973, two draft volumes entitled Proposed Criteria for
Water Quality: Volume I and Proposed Water Quality
Information: Volume II. NRDC will shortly be commenting
on the adequacy of these two volumes with regard to the
stipulations of Section 304(a). This letter deals preliminarily

~
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with the glaring omission of two categones of (1) “factors .
necessary to restore and maintain the chemical, physical
and biological inttegrity of all navigable water;” and (2) “lac-
tors necessary for the protection of shellfish, fish, and wild-
life,” which these draft volumes totally neglected to
address.

One category of “factors” is generally referréd to as

“physical modifications” of natural watercourses and associ-
ated wetlands that are integral to the aquatic life systems |
with which Congress is concerned in the Act. The proposed
Criteria_and Information documents completely ignore
phyglca.l modification techniques—dams,” impoundments,
levees, “channelization, fills—as threats to the physical,
chemical and biological integrity of the Nation's waters and
as destroyers of aquatlc habitat, the very physical condi-
tions that are essential to the protectlon and propagation of
shellfish, fish and wildlife.

Wejbelieve that these two documents, particularly the
Information document implementing Section 804(a) (2},
must also fully discuss the role of swamps, marshes, flood
plains, natural chanrels, and stream beds, stream vegeta--
tion, et cetera, as “factors” in preservmg the natural
intégrity of surface and ground waters and in permitting the
propagation of fish, shellfish, and wildlife. They also must
discuss the threats to these resources and what can be done
about these threats. EPA should face the fact that its pro-
posed Water Quahty Criteria could be fully satisfied with’
water traveling in a concrete .trough, pollutant-free but
hardly reflecting the natural integrity which Congress in-
tends to have restored and maintained pursuant to this Act.

The goal of the Act is the restoration and maintenance of
the “natural chemical, physical and biological integrity of
the Nation's waters” by 1985 (Muskie). The House Report
defines “that ecosystem whose structure and function is

ural’ (as) one whose system® are capable of.preserving

lvesat levels believed to have existed before irrever-

s)ble perturbations caused by man s activities.” (Leg. Hist.
Vol. I, p. 764).

The word ‘integrity’ as used is intended to convey a con:

cept that refers to a condition in which the natural struc-

ture and function of ecosystems is maintained.

As a concept, natural structure and function is relatively .

well understood by ecologists bothin precise terms and as |

an abstract concept in those few cases where specific
modification i is not confidently attsinable.

Although man is a ‘part of nature’ and a product of evolu-

tion, ‘natural’ is generally defined as that copdition in

existence before the activities of man invoked perturba._
tions which prevented the.system from returning’to its
original state of equilibrium.

This definition is in no way intended to exclude man as a

species from the natural order of things, but in this tech-

nological age, and in numerous cases that occurred before
industrialization, man has exceeded nature’s homeostatic

ﬁ
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ability to respond to change. Any change induced by man,

which overtaxes the ability of nature to ore conditions

to ‘natural’ or ‘original’ is an unacceptable perturbation.

(Leg. Hist. Vol. I p. 763)

The 1972 Water Quality.Criteria” prepared by the Na-
tional Academy of Sciences recognizes physical modifica-
tions as responsible for the degradation+of those very life
qualities which the Act intends to restore and maintain in
the Nation’s watets (Vol. I, p. 124). The destructiveness of
these techniques on the very ecological values the Act
intends to protect has been well documented. Further, re-
covery of natural systems destroyed by such techniques is
frequently meager and typically slow. Such a process of
degradation is not allowed under the Act. *-

In sum, we feel that EPA is legally bound toinclude in the
final version of its Section 304(a} documents a full discussjon
of the integrated physical character of the aquatic ecosys-
tems and the effects upon this natural integrity of physical
modification techniques. A discussion of these engineering
techniques should address both their direct impacts and
*their indirect impacts on water quality through increased

¢ pollution loads, e.g., sediment, nutrients, pesticides, heat, -

et ceterd. -
We feel that EPA cannot, from a legal standpoint, post-
pone the issues posed by physical modification since Section

“latest scientific knowledge” 1s replete with information on
the effects on water quality, shellfish, fish and wildlife éf
physical medification techniques and EPA therefore has
legal responsibility to include a discussion of these tech-
niques, their consequences, and changes in the use of these’
techniques to bring their consequences in conformance with
the overall objective of the Federal Water Pollution Control
Act Amendments.

We would like to s&é this issue regolved immediately, so
that the more difficult task of implementing this require-
ment of Section 304(a} can begin quickly. A prompt re-
sponse from you wauld be appreciated.

Sincerely,
- Tom Barlow
. J."G. Speth

-~
2

On Monday Mr. Jorling and Dr. Squires made a
point that the 1972 Amendments markéd a pro-
found change in the philosophy and approacies to
water pollution control in this country. The pbint
bears reemphasis because even after 2Y: years of
living under the new law, a discouraging number of
the people ‘actually 1mplementmg haven’t changed
their thmkmg at all.

The fact is you cannot’ effectively implement the
"2 law using 1965 assumptions. Consider the old
law. It was premised on the anthropocentric idea,
as Mr. Jorling pointed.out, that aquatic ecosystems
exist for the use of man.

This assumption leads one quickly to one per-
verse result after another. The first order of busi-
ness becomes the designationef the “best use,”
basically & ratification of the status quo, a legitimi-
zation of the ecological abuse that had been previ-
ously visited upon’ the system. If a waterway is

“already an industrial sewer, it wouldn’t make much
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sense to designate its best_use as primary contact
recreation.

Next comes the creation of water quallty criteria.
These are concentration levels for various pollut-
ants, usually only a few easily measured ones, de-
fining the limits which, if exceeded in the aquatic
system, would impair its ability to serve man in the

,way assigned toit.

Underpinning this process is the ecologlcally
questionable notion of assimilative capaclty, the
idea that extraneous materials placed in the water
somehow go away. Not even simple carbohydrates
are degraded without causing a response in the dis-
solved .oxygen regime, probably the carbonate
equilibrium, and certainly' the types and relative
abundances of organisms present.

Invoking the theory of assimilative capacity, and
to avoid the “obvious but unpleasant fact of fmdmg
dischargers in violation right at their pife, one is
led to the device of defining a mixing zone. A mix-
ing zone is a sort of ecological free-fire zone where
anything goes. The mixing zone moves the point of
regulatory control far enough away from the dis-
charge to make it véry hard to assign blame for
whatever violation might be found. It also leads to a

the mixing zone may indicate that the mixin¥ zone
as defined is too small. .

Use of this. sprawling regulatory scheme to ac-
tually abate a source required the execution of a
load allocation, whereby the hapless erstwhile reg-
ulator had to allocate, based on assumptions abéut
flow regimes, distribution of sources and waste
stream constitutents, dispersion characteristics,
and more, a portion of the total allowable load to
each pipe. -

Even if by great good fortune and Herculean toil
this much were accomplished, the regulator found
himself up against a whole series of enforcement
delays, confefences, and admonitions that he not
cause the unfortunate polluter an ?eonormc hard-
ship.

Some States were able to make a little progress
under these conditions, but where pollution was
abated it usually was less the result of vigorous
application of these procedures than the-result of

-what one analyst has described as “gun tWIrkng

Nationwide, it didn’t work very well, and that’s no
surprise.

Note that all the steps in the process flowed logi-
cally from the. first assumption, that the aquatic
eco. m exists for the use of human society. With
the 1972 Amendments, on the other hand, we have
for the first time in the Nation’s history a water-pol-
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lution control law that takes a_holistic view of the Congress went on to say that to reach it we must
aquatic ecosystem. For the.first time, the objectivé  first obtain a goal of no discharge of pollutants by

_.is the restoration and maintenance of ecological in- 1985, and even before that an interim goal, wher-
tegrity, not the perpetuation of somebody’s notion  ever attainable, of ‘water quality capable of sup-

* of “best use.” For the first time thereis the recogni-  porting fish and wildlife propagation and recreation
tion in law of the fact that.man tampers Wwith the inandon the water by mid-1983.

- fabric of the biosphere at his own peril, that the To back.up these rather dramatic goals, several
options of human society are best preserved by pre- ~ no-nonsense regulatory progi*tams intended to cover
serving the integrity of the biosphere oy which’all . point source discharges, toxic pollutants, and in-
depends. s S dustrial discharges to municipal systems were es-

One may well charge: This is very grandiose, tablished, Even nonpoint source pollution got some
perhaps even profotind. Did Congress know what it lohg overdue attention. There is a requirement that
-was saying with' these words? To answer this we regulatory programs be established in all parts of

need only consult-the legislative history and the Act * each State to implement plans designed to reduce -

itself. . ";7 norpoint source pollution. These programs are to
From the“report of the House Public Works  contain land use requirements wherever needed to

Committee: “The word integrity is used to conveyf@ - do the job. ’ S .

concept that refers to a condition in which the naty- Congress also inserted a number: of economic

ralsstructure and function of ecosystems is main-  safety valves, variances, in these regulatory re-
tained.” This bears remarkable similarity to the quirements. The Water Act is not going to shut
definition of ecological integrity put forth by Dr.  down American industry. \
Frey earlier. . Al this leads me to several observations and con-

From Section 502 of the Act: ;The term pollution - clusions about the way we ought to be viewing the
means. the manmade or man-induced alteration of * integrity objective and what EPA could-and should
the physical, chemical, biological, and radiological  do to get us moving faster in the-direction of achiev-
integrity of water.” : ' ingit. -

Senator Lloyd Bentsen, in floor debate on the A corollary of the integrity concept and the defi-
Senate Bill: “We urgently need this declaration of , nition of pollution which tracks it is that there is no

National policy, at a time when environmental pol-  such thing as “natural pollution.” A ramification of -

lution desecrates the quality of our lives and even it is that assimilative capacity becomes obsolete as

endangers human ‘survival. It is an eventual goal a justification for polluting the water. Inact, the,

which abandons any concept that water has an as-  words, “assimilafive capacity”pand “mixing zone”
similative capacity with respect to pollution, and it ‘do not appear in the Act. ;. r I
is, therefore, a decisive redirection in National The question, “How tp_ucl:hcleanup i¥necessary?”
policy.” . . becomes a meaningless question jn terms.of the
Senator Cooper, also in the Senate debate: “I be- ultimate objective, though not in terms of{the in-
lieve the Bill and its purpose go even further than ~ terim water quality goal.
asserting that a public right resides in clean water. It is not possible at this time to define the integ-
In a way, it recognizes an'even more fundamental  rity objective by any index or system of water qual-
condition. It asserts the primacy of the natural ity parameters. There is too great a diversity of
order on which all, including man, depends. It de-  natural conditions, conditions we can only infer. In-
clates an intention to restore the natural integrity tegrity is thus not a regulatery tool in and of itself.
of the Nation's waters.” ) . It does not require us to reforest the eastern sea-
Senator Muskie, in the Senate debate on the con-  board, dismantle our cities, and board the May-
. ference report: “These policies simply mean that  flower for Europe. It is more a Statement of philos-
streams and rivers are no longer to be considered ophy, a statement of National diréction. It is not a
part of the waste treatment process.” . “meritorious criticism of the current law fo say that.
And elsewhere: “This legislation would clearly its ultimate objectivé is difficult- to define quantita-
_establish that no one has the right to pollute, that  tively. We have some good interim goals, which can
pollution continues because of-technological limits, ~be translated nto effluent restrictigns, to achieve
not because of any inherent right.to use the Na- first. We should get about the business of doing
tion's waterways for the purpose of disposing of that. . .
tes.” S . EPA could get this country, moving along the
I don't think there iS any doubt that Congress course that has been set by screwing its bureau-
knew what it was about when these words were en-  cratic courage to the sticking place and starting to
acted. Having stated this far-reaching objective, implement the law with a modicum of \vigor. NRDC

re . .-
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has felt compelled to bring eight lawsuits already in
attempting to get the Agency to abide by the*bare
letter of the law, and most®Sf the regulations and

- guidelines that arefcentral to the Act's operation
have come out und€r court order.

On the other Slde, industry has brought about
150 lawsuits verturn the effluent regulations set
for them. It is ‘a real brawl, and the program is
sputtering along. -

This conference is itself an example of the
Agency’s approach, where the Act requires the Ad-
thinistrator to develop and publish information on
the factors necessary to restore and maintain physi-
cal, chemical, and biological integrity. The Agency
will, I am told, publish these proceedings and call
that comphance with the law. Where the Adminis-,
tration is required to consult with outside groups,
then explicatg.the, objeBtive of the Act, EPA will
publish the cohsulfation itself and thus avoid giving
Agency approvaf‘to the “controversial” ecoldgical
prihciples that Congress accepted without too much
trouble.

Furthér, we w,@) not see real progx:ess until we
get ourselves detached from the “chlorinate and
dump” mentality. This means EPA must start to
fulfill its statutory obligatian ‘to encourage innova-
tive municipal treatment technologles, especlally
land recyeling.

More broadly, and here I wﬂl compound" the her-
esy, we will not get there ufitil we break the death
grip that the sanitary efigineeping and economics"
professions have on all desisiefis regarding the way,
that essential materials circulate through society.
The sanitary engineer must make room for the sys-
tems ecologist, the soil scientist, the agronomist,
the hydrologist, the forester, the microbiologist.
We need a team approach, not a plure engineering
approach to solve a problem that s afﬁrmatlvely .
not an engineering problem
- We must recognize that the field of economics i

, unequipped to deal with the broad questions of eco-
system structure and function and therefore the
quality of life we want a century, two centuries,
from riow. How do you compute the price of an ele-
ment in the food chain thit is not destroyed? What'
is ‘the cost or benefit of ‘a unit shift ix' the Shan-
non-Weiner Index? . ¢
Rather than responding to indi

Mual treatment

crises on an ad hoc basis, rather#han taking the _

action and then measuring its effec$, we must eluci-
date fundamental ecological princfbles, then guide
all human behavior by those principles.

DISCUSSION .
C'nménl: I'd like’to ask, “:hat is yourinterpreta-
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- the country be uupgraded to a leve.
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tion of the quahty Jf ‘%\hter necessary for people to
recreate in the river. In other ‘words, “\rhat stand«”
ards of perfect health would ¥ou require of river
water before,youswiminit? >

Mr. Outen: I certamly don't have the concentra-
tion levels for each rglevant parameter in my head, .
but I think the best cut we havg of that at the, .
moment is'the "water quality criteria document
which has been proposed by EPA, but not-yet final-

ized. The document flowed from, in'some sense, the .

work of the National Academy of Sciences, which
was a much larger effort and spanned several
years.

I would say one other thing about that* Not only

do we need to get that waterquality crlteqa book *

s

out, (it was supposed to be done in October, 1973,

was proposed then and hasn’t been finalized yet),

we must make sure that the watep quality> stand- *
ards that now exist are upgraded, and upgraded in
time to influence and condition the settiég of per-
_-manent levels for 1983, in the second round of per-
mit isSuance. Those standards must include numey- -
ical criteria for all pollutants for which a numerlcal
criterion 19) appropriate. Those criteria that are ™
duly adopted by the States must be at least as
stringent as those in the 304(a) document or . pre-
sent a very strong reason why this.isn’t the rlght

thing to do I can't think of any at the moment, but =

<I'lt leave myself that out. There is the further re-
quirement,that water quality stan” s throughout
isistent with
the 1983 goal in time.to condition 1983 lmuts 1n
permits. ~L .

Comment: If you refurn the rivers to their nat-
ural condition, do you think they wouldn’t be p:lls/
luted with all of the millions of buffalo and anim
that weré supposedly runnmg around this country
100 years ago?

Mr. Outen: If would n po‘lluted under the\
definifion of pollution in tHe Act, nor under the con-
cept of integrity espoused by Congress. It is a corol-
lary, as I said, that there is no such thing as natural
pollution.

The fact that the Yellowstone Hot Sprmgs were
hot is no justification for making cold waterways
hot. The fact that coliform bacteria existed before
the white man, at least, and disrupted the system
so badly, is no justification for coliform levels of the
sort we arg now creating. 7

Comment: I can’t resist trying to clarify one point -
on your comments on capacity. You said that intro-
ducing carbohydrates would make a change in the

. systém and’because of that there was no such thing,

at least that is the way I interpreted it.
That would mean a leaf falling into the streamr
would change it. I think the important pomt is the

¢
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deleterious changes induced or caused by the intro-
duction of these materials. Equally important, I
think we will agree for many compounds, there is a
pos:ibility of introducing waste materials without
causing any identifiable or demonstrable deleteri-
ous effects, not just changes or responses, but
measurable deleterious effects.

. 1don't'expect you to agree with this, put if that
were the case, then it would be the a§§imilative
capacity.

.

« /Mr. Outen: There are two points that spring to ‘

mind. The first point is: deleterious to whom or
what? The second point is that I'm personally not
very reassured by the statement of somehat we
can put things in the water that we are then unable
to measure. The first example that springs to mind,
it might not be the best, is that rising levels of
exotic chemicals in'the water may disrupt- the
spawning system of fish who :are.confused by the
noise introduced into their chemical communication
. system. We may not be able to measure them, we
may not know what they are, we certainly will not
_know that they are going to disrupt chemical com-

- munication systems, but it might happen.

The prudent thing to do would be to make all due
haste in the direction of not creating that sort of
potential problem anymore. A

~ Comment: Mr. Outen, @ mentioned that a key
step toward achieving wador quality in this country
was to break the death grip of the sanitary engi-
neering profession on our sewage treatment prac-
tices. ’

question about “turnkey” contracts. Sanitary engi-

neers are almost. alone among engineers in thigs

ntry in never guaranteeing the performance ahd

INTEGRITY — AN INTERPRETATION

1 waflt to make a statement that closes withi‘a

the capital costs, let alone the first year operating -

and maintenance costs, of the plants they design.
These sewage treatment plants are sold to local
governments and to EPA on the basiswsf certain re-
moval rates that will allegedly be met. Almost in-
variably during the course of a year, or a quarter,
or a month, or even a‘week, these rates are not met
in actual practice, but the sanitary engineers who
designed the plants get off scot free because design™
ers-and builders do not share any legal responsibil-
ity for successful operations. We do not have a
requirement for “turnkey” coptracts that would im-
pose cost and performance guarantees. ‘While EPA

now accepts this turnkey process, jt has not man-.

dated it:

In conversations with the people who designed
the Muskegon County (Michigan) Land Treatment
System, I have learned that they would be willing
to live up to cost and performance guarantees for
their sewage recycling designs in the future.

[
-
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In conversations with more traditional sanitary
engineers, however, I learned that they would not
meet such guarantees because their stream dis-
posal can't handle diurnal flow oscillations, dry
weather-wet ~ weather flow oscillations, and so
forth. My question is, would you support the idea of
mandating turnke)ézontracts with cost and per-
formance guarantees for the sanitary engineering
profession in this country?

Mr. Outen: I think yours'is a very sound analysis
and I think that would be a very small and easy step
to take. It would have enormous importance. Yes, I
would support that. . .

Chairman Sager: I have to take exception to the
last remark about sanitary engineers and 1 have to
say that I have the highest regard for agronomists,
ecologists, foresters, all of the hasic scientific disci-
plinarians who have added to the field of environ-
mental knowledge through their various disparate
disciplines—’ovexz the many years. I would like to
point out, however, that sanitary engineering is, in+
a sense, a comprehensive science because the fani-
tary engineers of my acquaintance are also bio-
chemists, organic chemists, microbiologists, as well
as structural engineers, people who understand
thermodynamics, who upderstand the physics of
hydraulics, and so on. ) ]

I would hate.to gee what would be the case in the
Distriet of Columbia at the present time if 280 mil-
lion gallons of raw feces and urine flowed down the
street without the#expertise of the sanitary engi-
neers. : -

I also have to take exception to the remark that
was made that industry has gone to court to try to
avoid or evade the limitations which have been put
out ‘for them- by the Environtnental Protection
Agency. Although there are court cases, I person-
ally believe that the idea is not for industry -to
evade discharge limitations. In the first place, the
Act has a pro forma clause built into it which says
that anyone who wants to sue for any reasom at any

time should file suit within 30 days.

Most people who read the small print at the bot-
tom of the page go ahead and have their attorneys
file a suit against the Agency so that they may then
review what has happened. In many instances, and
I think even the people in the Environmental Pro-
tection Agency who have worked on these limita;
tions will not deny, the’constraints put on the con-

‘tractors because of the time frame allow little

opportunity for data collection and partictlarly data

generation for those industries who did not have to

have it;%f collecting data. v
Therefofe, many of the limitations, indu trial -

- limitations, that came put under Section 304 and

306, were incorrect. There is no way to put a point-
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Aing finger at anyone who is calpable. No one person
is- a part of the total operation of meeting tech-
nplogical and scientific deadlines under a time con-
straint and I; personally, believe, and I believe I
can justify my statements here, that those which

',?e incorrect are incorrect for the reasons which I

ave and'the industries have gone to court to pro-
test the incorrectness of them. .The Agency will
work to revise and has already started to revise

" them. -

I'm very pleased with the idea and the interpre-

tation of the Natural Resources efense Council
~'about maintaining and trying toreturn natural eco-

systemic balance.

I think everyone in the room has heard today,
and probably yesterday from Ruth Patrick and the
other etologists who have spoken, that we all de-
pend o1 a-natural ecosystem. I personally can stop
my car 'when I see children running across grass
and breaking off trees and so on, and try to point

. out to-them-.that we are’ dependent on the green

plant also. .

"Comment: I didn’t mean to criticize the sanitary
engineering profession for its 19th century accom-
plishment of getting viruses, bacteriz and other
pathogens off our streets and into our rivers. That
Was a necessary-stage of development, but it is no
longer acceptable. Co

What I am proposing, basically, is the accom-
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plishment of tertiary sewage tyeatment on the land.
Most sanitary engineering firms do not have soil,
crop marketig, and agronomic-specialists on their .
staffs, nor have they worked with these specialists
under contract. .

This biases them in favor of the river or lake dis-

 posal approach, and they end up throwing perfectly

good nitrogen fertilizer into the water. They're
going to continue doing this right here in Washing-
ton at the.Blue Plains tertiary plant because.the
methanol cost of denitrification has skyrocketed out
of sight. , .. .
When we thrqw away sewage nitrogen, it forces
us to groduce nitrogen fertilizer which consumes
large amounts of natural gas and electricity and
also eventually degrades the soil because it lacks

organic matter.
It\is the sanitary engineer’s failure to take this

A

holisti¢ view of things that Mr. Quten was trying to \

get at. I think he was justified in his criticism of the
sanitary engineering profession. .
Chairman Sager: I, mysélf, am an ardent s @
porter of land-based treatment systems as my 7,
many students can attest to. However, I personally
don’t believe there’s.#ipe’sdlution to any one of these
problems. I don’t believe there’s orte solution for all -
the Nation’*s*Waterways. I believe we have different
solutions depending on the situation within the

wa@vays. ’
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" INDYSTRY’S VIEW.

. ‘R. M. BILLINGS .
Director of Environmental Control
Kimbe rly-Clark Corporation
Neenah, Wisconsin
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Socrates once said that if any man-intended to
argue with him, that man should first define his,

¢

~

terms. “The integrity of water” is certainly a téram}

. needing definition. This entire session, in fact, h
been devoted to the discussion of possible intei-p:g
tations of this seemingly simple phrase. Socraty
would ha%e, appreciated our attempt to define
terms. {

The dictionary defines integrity as the. sound-"

‘hess, the'state of being, the honesty, or wholeness.
We have been trying thus far to decide just! what -
. meaning Congress did intend. I would like to ap-’
prodch this question from the other side. I would'
like to consider just what Congress probably, did
not intend. -

_ First of allgethen, it might be well to point_out
that “integrity” does not necessarily mean “virgin-
ity.” These two words may have the same meaning
in a‘specific instance, bdt they are not synonymous.

-1 feel certain that Congress had no thought of con-
sidering them to be so when it included them in
Law 92-500. . o :

In the second place, King Canute demonstrated a
great many years ago that inanimate objects such
as large bodies of water do not readily respond to

© public decree. - . .

- One method of classifying all things in this world
is to divide them under the three headings of solids,
gases and liquids, but this is a classification of the
inanimate. I believe tHat it is meaningless to talk of

“maintaining theintegrity of water” —the integrity -

- of an inanimate/thing? Rather we should be §tating
it as “integrity in the use of water.” .
In the third place, it seems highly improbable
' that the intent of Congress was to create a favored
part at the expense of a remaining and less-favor:
whole. Ong does not put a smooth'top on a table by
first creating an optically flat surface of one square
inch in:area and then moving on to another square
inch. You start by sandpapering the entire surface
and theh going to finer, paper, then to puinice, then

_ torotténstone, and finally to optical polishing. Your '

goal —which you must never lose sight of —is to ar-
, ?'ve at a smooth tabletopé,and a square inch of mir-
. or surface is notthat goal, particuldrly if in

-~
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. alfernate thumping of

accomplishing it, you seriously roughen or gouge an
adjacent‘area. Just se must we, in our sincere,
justifiable and laudable concern about the environ-
ment of our space ship, Earth, be carefu} to avoid
what I call “The Optical Flat” syndrome.” =
There are encouraging gigns that the. danger of
this syndrome is being recqgnized. There was a»-
period in the early, sevehties when the reverbera-
tions arising frem the beating-ofpbreasts, and the
chests thréeneduto drown

+ out the quiet Voice of reason. It Mever happened,

o ‘fortunately, and that voice can still be .heard quite :

‘clearly—if one will just stop and listen. But we ’
must Tisten carefully and to all tHat it has to say, for

: {2};1‘:5 is a complex world. In fact, the complexity has

ome like the mythological giant Antaeus, who
“-could be knocked off his feet but would arise again,
10 times styonger than before: In the same fashion,
" each problé¢m solved today seems to, cdtis¢ 10 new
ones to arife. Accordingly, we become confused at
times and unsure of which way to turn. We are well
-aware, t}:a?r\‘ve cannot exist indefinitely on earth if *
we continde to act in the future as we have acted in
the past. But what should we be doing? We know
how to+distinghish between the expefts and the
pseudoexperts but the experts themselves are dis- -
agreeing. We are grateful, therefore, for that quiet
_voice 6f reason and the advice that it gives us.

In the first place, reason says uite simply that
no cataclysm is imminent, bt tlz?t there are some )
on the way if we don’t take the 4ppropfiate action
to prevent them. A bomb squad confronted with
the- problem of defusing a eries of\time bombs
always starts with the one suspected of being set to
go off first. We must proceed in the same manner.
Is our bomb a discharge of raw-domestic sewage
that could start an epidemic next summer, or isit a
particulate problem. in ‘the upper atmosphere
which, by rectuc'ing the solar gnergy reaching the
earth's surface, could bring on an ice age‘in a few
thousand years? ' \

Secondly, reason continues, we cannot wait to
start/corrections until we_canghgve 100 percent as-
surdhce of success. Someone has to be first. There
is no such thing as certainty. Nothing is ever done

° ”
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without risk in this world. However, reasan’s risk o

does not mean playing Russian roulette or betting

all that'you have on the “come card” in life’s po'ker' .

game.

- Thirdly, reason is the. power of comprehe¥ling *

facts in an orderly or rational way. We must be cbr-
tain, therefore, that all known*ertii_lent facts are
considered. What is mote, new facts are_being
added continuously and, as new facts are intro-
duced, reason’s conclusions will change. In thig
third 'point lies one of our biggest problems. How do

" THE INTEGRITY OF WATER

.we know that the conclusion whichywe may have °

‘reached would not Fave been ‘different-had,we but
had more facts, mgzgi truth, a broader perspective?
If reason is to stand up,it must be based on all the

- essential -facts. Reason is, therefore, concerned

with the v:_!hole. , ‘ ,
Maintain the integrity in the use of water? What
about, integrity in the use_of air or land or people?

-

ool

3 N o

- .3
Another way of describin

whole is by simply referring|to it as “balance.” In

,industry, just as outside indg 5try; balance refers to -

the portions of energy: and economic adequacy al-
lotted t@different people—{o raw mgterial sup-
pliers, to transporters, to map«facturers, to equip-
men} suppliers, to distrib¥tdrs, to consumers, S0
that they can all be fed-and ¢
obtain satisfactionfrom life:* 3
I would like to comment at
phrases frequently héard; ngmely, the balance of
nature” and “keeping naturd in balance.” I woul

. point out that nature is balgce. She takes what

“What about integrity in th® use of that basic essen- *

tial 'of all living things, namely, energy? Markind
must be concerned with the integrity of the whole
since mankind is the only form of animation on'the
face of the earth which is capable of so doing.

The whole! Trying to grasp the concept of the
whole boggles the mind. Yet, immense as the prob-
lem is, it fnust be dealt with. For this presentation,
I'have chésen to separate the whole into two parts:
the animate and the inanimate, and have specified
our concern as béing with the animate. .

B ~

All animation starts at the same place - viz, with

- energy. (Perhaps the old sun worshippers. weren’t

toerfar off after all.) But while all animation may
start with energy, it ends with people. At least it
does today. It didn’t millions of years ago back in

- the age of reptiles, and maybe it won’t millions of

. years from now, but it does as far as we are con-

L4

cerned, and the integrity of the whole can then only
be judged as it relates to people. -

"means of her natural laws:

she has available and: brings it inté balance by
f'o talk about the “bal-
ance of nature” is like talking about the “wetness of
water.” - °

Man and his ingenuity ar¢ .a part of nature or of.

balance. If it were leff-to nature without man, it
would become a question.offthe survival of the fit-
:test, like the caribou herds who are kept free of the
diseased and the-weak by tHe wolf packs. We would
then become a civilization.of weight lifters and line-
backers and prize fightefs—no Mozarts or Edgar
Allen Poes. No Byrons or

" After all, natures ingenuity reSults only from her

. on the fuleruty. . ) i .
Also, I would point out that in no way do I apolo-

People! Old people, young people, professional ,

people, people in public office, people in industry,
people privately employed, people, people, people.
After all, doctors or engineers, white collar or blue
collar workers, legislatars or educators — all have a
common denominator. They are 4ll people.-And &
require two basic thingls if they are to exist

energy and economic adequacy. Sometimes we may

lose sight. of this latter fact, but usually not for long
Because someone will bring us to'an “about face”

(and it>is usually a somewhat “shamed face”). Pro- *

_fessor Henry, Luce, writing receptly in the Wall
Street Journal, gives-one of the Yest examples of
‘how goals may be lost sight of. He said: “Sometimes

it would appear that the goal was not to proteét -

Americans from dirty air, but to

famer lcans from protect c‘lean air

e1g - ",

variety. Man’s variety resylits from his ingenuity.

I suppose that there afe faw thoughtful people
who would dispute the pojnt that successful life is a
matter of_'fbalance.' The ifjiculty gtises from the
fact that evetyorje thinks/that he or she is standing

X

gife for the profit motivg —in no way! I can say this
as an individual as well 2s a-representative of indus-
try. Everyone has the profil motive! The avera

filligg. station employee doésn't pump gas so JHat

more peoplg can see the beatities of America; orthe,
average plumber clean out a.septic tank so that less -
ir biolégical environment; nor-

strain wijPoccur to o

does thejaverage dottor or nurse or lawyer or taxi
cab drifer.or farmer: have as his prime motive the
making of this wor}d a better place to live. In many
cases, thank heavgn, it ig a motive,but it is usually
a sécondary one. known certain doctors and
ministers,"a nuy of social workers and 4 nurse
or two, whos¢/ grimary aim was to make "people
happy. I wishAhere were more like that. I also have
known ceftdin industrialists whose primary goal
was to make theircommunities better places to live
in. I wish Ahere were more like that, also. But let's
face it, the great majbgify of us afe motivated by
more than the goal of having enough food to eat and
clotheg to wear and a roof over.our heads. We want
to improveeur standard of living: This means that

We.want things that we don’t, absolutely fieed. If
’. v . ’ a . o

L2

¥ the integrity of the .

Jothed and housed and

his point-on those two \

Robert Louis Stevensons. .



. « there are those in the audience to which this state-

ment does not apply, I salute you. But you are not
in the majority. In fact, you are not even a.very
large minority and, if you will honestly review in
your minds the many people that you Know, you
will agree with me.

And Ido not believe that this is a criticism of the
_rest of the world because they happen to feel this
way! I believe that the definition of “profit” should

be changed from the dictionary definition which .

calls it: *“The excess of returns over expenditures,”
_ta the more realistic one that'would defime profit as:
“The attajnment of a better life.”

Just as Socrates was annoyed by a lack of defini-
tions of terms, so also am I irritated by a misuse of
terms. I refer specifically to a name used so indis-
criminately by our friends in the media that the
term is threatened with'complete perversion. The
word is “environmentalist,” when the -phrase “en-
vironment-minded” shouid be used.

We all continually see headlines that cite some
conflict between the “Environmentalist” and Indus-
try or Commerce or Educators. This is just not re-

porting the situation correctly. There are environ-”

mentalists on both sides of most cases — people who
are studying the integrity of the whole. Usually,
however, the individuals dubbed “environmental-
ists™ are not qualified for such a designation, having
read only the first chapter of the book.

As a member of the papee industry, of course, I
would be very_ hesitant about criticizing the media-
—especially the press. I hasten to suggest, there-
fore, that perhaps a change in the definition of the
word “environmentalist” would be the best way to
compromise; on the matter. A definition such as the
following would probably- satisfy all but the true
environmentalists who, alas, do not constitute a
strong voting block. “An environmentalist is a man
{or Ms.) who is sincerely dedicated to the task of
improving the environment—and is so certain that
he knows how it should be done that he is willing to
bet all your money to prove or disprove his theory,”

These individuals fay be sincérely, dedicated to
preserving the world’in optimum condition for fu-
ture generations, but an individual is no more quali-
fied to b¢ termed an environmentalist just because
he i% environment-minded than he isto be term
an economist just Because he is economy-minded:
. And yet this misuse goesonandon. -, o
But back to the subject of maintaining the integ-

fity of the whole, the thesis of my.talk today: How

can we avoid the “optical flat” syndrome? -
First of all, we must learn to get far enough away
from the immediafe problem to be able to view it in
perspective. We all are amused by the story of the
blind men and the elephant, for we ‘all appreciate

. INTEGRITY — AN INTERPRETATION T e

. by organizations.on the basis of some
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that if-you would accurately describe an elephant,

_you should stand well back —particularly if it is a

wild elephant. Yet, how jmany of us see only the

_desirability of solving the problem at*hand and not

the future consequengces of that solution, = .
The concept of the enyironmental impact state-
ment has opened the window to a broader perspec-

tive. Many of these sthtements, however, have: -

been off to false starts arjd some are falling by their
own weight. Here apajn, the fact is sometimes

being lost sight of that they dre not goals in them-'

selves, but only mean to an end and can easily be:
come optical flats. They are, however, headed in
the right direction’ toward an ‘“integrity of-the
whole” and, in the prodess, are making méré a
ore indiyiduals consider more and
he big ré¥earch agendies-of the Nation are going

eeper in their studies and looking into side eﬁecft;.J
e

ore than has ever beeh the case in the past. The
is'an encouraging glow pn the horizon.

But blind men still cfing to elephants’ trunks and
in so doing impede progress. Means aré still being
confused with ends.
very weary of hearjig the argument given for some
particular schem¢’ that it is technically feasible.
Usually this- poifit is delivered thunderously and
draws thunderous applause irom some active con-
tingent in the gudience. InTebuttal, I usually point
out that it is téchnically feasible to build an 18-lane
highway from/Washington to New York City.

“Why, don’t we do it then,” I ask. “With nine

lanes ofitraffic’going each way, with the speed-of

each lane carefully regulated, it would certainly be
safer. Perhaps someone in this very room today
may be killedsin an accident on the present highway
to'New YorK, an accident that would not have taken
place if therg had been an 18-lane highway.dsn’t a
human‘being’s life worthy of consideration?” .

I never press the audience to really answer the
questior —Ijust want them to think about it a little.
. Absurd as this example may sound, -it.has its
counterpart in everyday life. Far too many regula-
tions are
demonstra

Another example of the optical flat syndrome is
the attempt to go too far too fast in correcting some
existing problem with no consideratiori given to the

side effects that may develop. Pressure for rapid in- ,
the -percent of recycling is one example.__

creases i
These piessures sometimes take the form of new
specifications for materials to be purchased by gov-
ernment bodies, or of boycotts of certai

uch pressures,
tending our nat-

quired ¢ontent of reused material,
created| in the worthy cause of

.
¢ *

re factors.)
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the latter connection, I grow?
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ing proposed today on the basis of data™~
ing them, to be attainable rather than-
* with datademonstratifig them to be needed.



ural resources, may result in an effect which is
exgctly the opposite, simply because the whole
- problem has not been thought through .
‘ « In the paper industry, newsprmt is an excellent
"* illustration. Most of the newsprt i is manufactured
in northern Canada and the southern United
States, but by far the greater part of it is used in
. the large cities. Newsprint is one of the cheapest
paper products and you cannot make a silk purse
out of a sow’s ear in the paper jndustry any more
than you can anywhere elte. N
The use of old newspapers i$, therefore, pretty
much,llmlted to boxboard grades or the manufac-
ture of more newsprint. The logistics problem,
hpwever that would result from the yearly ship-
ping of thousands of tons of waste newspaper over
the thousands of miles of track to, return it to its
place of manufacture would create an added drain
on our energy supplies. Also, one must remember
that a single freight car will hold over half again the
weight of newsprint rolls than it will of waste paper
bundles, so more freight cars would be needed.
True, the added use of energy would be partially
offset by the reduced use of trees in the manufac-
' . ture of newsprint, but the growti of trees draws no
energy from our limited resources -beneath the
earth’s surface. Rather, the source of energy for
trees, like the source of energy for all living things,
«  isthe limitless source, the sun.
Quantities of old newspapers are recycled into
" other grades, as mentipged previously, but the
amounts -are based on the problem of the whole and
recycling in other industries has similar limitations
brought on by the overall picture.
Actually, recycling is nothing new. We have been
~.recycling materials for generatlons and the amount
recycled has sought its own level in each. We know
that we will continue to recycle for generations and

(_: .

r-\_;jkan ever increasing rate. To attempt, however, to .

force an immediate change in this single area with-
out regard for related areas is to attempt to create
n optical flat —and a very small one.

Still another example is the m51stence that action
must be taken imiediately even though the ade-
quacy and the economic impact of the available
technology may still be in doubt. Reason has stated
that 100 percent assurance of the success of any
project is a luxury we cannot expect, but in the
same breath reason warns agamst Russian rbu-
lette. To embark on a venture, the failure of which
would spell disaster for your company, is to play
Russian roulette with both your investors and your
employees.

A power company, for example, could hardly be

. blamed for resisting the installation of the lime
scrubbing method for the removal of sulfur dioxide

A [}
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from the stacks wheri the solvmg\of the air pollution
problem by this method can be accomplished-only
by creating an equal or more séridus problem in
sludge disposal, 4 problem which the company
would have to reckon with for all the foreseeable

future. Some chanies have allowed themselves,

to be pushed.into going ahead.with this method, but
now a new citrate process is being broposeg which,

* it is theorized, will minimize the solid waste aspects

’

of sulfur dioxide disgosal while accomplishing the
necessary removal. What of the -company 4hat has
shouldered not only the expense of installing the
lime scrubbing process but has saddled itself with a
horrendous sludge disposal problem, while the rest
of the world has waited for the technology toée—
velop and then gone down the new road?

Or agairnf: We have had an excellent illustration in .

standing bagk to obtain an overall picture. As you
may recall, i\was only about 4 years ago.that joint
treatment of Municipal and industrial wast'es was
being touted as the panacea for all pollution apate-
ment problems. Authorities have backed off since
then, but in 1970 and 1971 it was considered th “m
thing.” -

The mill that I refer to is in a small town which
was then {as now)yunder order to construct new and
improved sewage treatment facilities. lt was gener-
ally assumed that this was an ideal case, if there
ever was one, for joint treatment. Half of the waste
load woluld come from industry and half from the
municipality. It would thus have allthe well known
advantages of joint treatment such as th& econo-
mies of size, the superior supervision possible in
one large plant, the elimination of proliferations of
small plants, and a system which contained wastes

* that would neutralize each other: What is more, the

Federal government would shoulder a major por-
tion of the cost which, of course,.in the minds of
some, meant that that part would' be for free.
Consideration of the actual facts of the matter,
however, revealed .some addiyional pertinent
points. =

In the first place, the manufacture of sanitary tis-
sue produces no pathogens or disease germs such as
are present in all municipal treatment fadilities. For

this reason, it is not mecessary to disinfeét the 2V

million gallons of used water being discharged daily
to the river from the tissue mill. Once mixed with
the 2 million gallons of sanitary sewage, however,
as would be the case in any joint treatment faclllty,
the entire 4!/ miilion gallons of effluent would have
to be disinfected. This would mean using over twice
as much chlorine as would have been necessary to
chlorinate that portion needing disinfection.

This latter point,ﬁvas a telling one with the envi-

imberly-Clark mills of the necessity of,
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ronmental-mipded. The doubling of the cost of the
process carried little or no weight, but the needless
expenditure of energy in the production of the chlo-
rine that would be combletely wasted caused some
of them to stir uneasily. 7

- . A second factor: Sludges from municipal plants of
this size usually depend upon anaerobic digestion to
render them innocuous. Aftér anaerobic digestion
they are dried and hauled away to be used in aland-
fill site where they eventually act,as a much needed
soil supplement. Contrasted with'this, broken cellu-
lose.fibers, the sludge from a tissue mill, will not
readily digest anaerobically and hence cannot be
treated by this method. Since tissue sludge is innoc-
uous as it leaves the mill, it carf be hauled directly

to landfill, soil amendment, or some similar disposal’

method. i it were to be mixed with municipal
sludge during treatment, however, iicomplete di-

» gestion of that municipal sludge would take place

and State regulation forbadé the disposal of undi-
gested or raw sanitary sewage in landfill sites. Ac-
cordingly, if joint treatment wer€ contemplated,
some method other than anaerobic digestion would
have to be utilized for disposal of the sludge.
Studies made by Kimberly-Clark showed that
burning or liquid oxidation wquld more than double
the cost of municipal sludge disposal over that of
landfill disposal. However, the cost to the corpora-

. tion would be considerably more than doubled,

since Kimberly-Clark, would certainly be expected
to pay for the added cost of disposing of the munici-

pal portion of the sludge as well as that originating

from the tissue mill. After all, the city would be
forced to go to this new method of disposal only be-
csuse of the presence of industrial sludge. If this
method cost the individual citizen more, it was
maintained, industry should bear this added cost.
You will admit they had a point.

From the energy standpoint, sludge disposal by
incineration is never self-sustaining at all times.

Supplementary oil or gas is always necessary. )

Again, this_added enorgy requirement would be
used to accomplish something that could be realized

- in another manner—landfill—a method requiring

far less use of energy.

But, there was still another major factor that
went into the final Hecision. Incineration would
mean -air pollution unless adequate steps were
taken to prevent it. These adequate steps would
not have been necessary if there had been no incin-
eration. Incineration would not have been neces-
sary if sludge could have been digested anaerobi-
cally. Sludge could have been digested anaerobi-

" cally if there had been only a small percentage of

cellulosic material present. There would have been
only a small percentage of cellulosic material ptes-
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ent H’f(imberly-Clark hadn’t agreed toﬂparticipate

-+ in a joint.treatment project.

‘Ergo—the cost of all air pollution abatement fa-
cilities and the energy required to operate them
should rightfully be a Kimberly-Clark problem.

And so the final decision was‘.?,or our corporation
to build its own plant for treating our own wastes —
a treatment designed for our own specific needs.
This plant has been in operation for over 2 years
and has been doing a very laudable j(%

Any learned presentation dealing with some crit-
ical problem facing the Nation today always ends
with a recommendation for immediate, action by
evéryone. Action—usually drastic action—which
the speaker is certain will completely solve the
problem. In this discussion of the integrity of the
whole, therefore, Itoo, would like to make a recom-
mendation. It will not completely solve, the prob-
lem, but it will certainly help and it is something
everyone can do. Here it is. . )

In heaven’s name, let’s take a positive attitude!
Let’'s stop beating ourselves over the head as
though integrity were a thing of the past! Let's pro-
claim to each other and to the world that the last -
decade has seen a complete turnabout on the envi-
ronmental front in this Nation. Let’s give and take
credit for the gains made.

A little over 3 years ago, I had the opportunity of
discussing the environmental situation with Hugh
Downs of Today Show fame. In the course of our
conversation, I pointed out that in spite of the clos-
ing of some shellfish beds due to the buildup of bac-
ted# contamination, and some instdhces of greater
algal bloom laid to the increasing use of phosphates,

((fhings generally were starting to improve.

Of course they are,” Downs said. “Everyone
knows that the smog in London in Charles Dickens’
day was far worse than it is today. Fish afe being
caught in the Thames where no fish have been
found for 100 years. In this country, reports come
through almost weekly 6f some streamor river that
has turned the corner and is now on the road to re-
covery.” ]

“Why, then, won’t anyone admit it?” I asked.

I though® his answer was a théught-provoking
one. ) il

“Perhaps it’s because of the nature of the society
we'live in. It’s a crisis society. Things have to reach
crisis proportions before we will take action on
them, and then we do and it's often violent action. I
think that environmentalists are afraid that if jt is
ever admitted that things are getting better, the
public will heave a sigh of relief and say, ‘Well, that
is taken care of. Now what do we worty about
tomorrow?"” -

I think that he Was right. But, while he may have
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been correct 3 years%g\o I would hope that, envi-'

‘ronmentally speaking at least, we are becoming big .

boys now. We had better be because it takes big
boys to handle the whole problem. A

In closing, I would like to read you a short poem
written as I believe James Whitcomb Ri
have written it had he turned his i
to environmental problems. I se thaf it might
be considered a fairly long /umpp from Socrates to
James Whitcomb Rf}ey. bu it is probably not out of
place at this session. I have observed some of my
enwironment-minded friends jumping further. At
any rate, hert’are the immortaMlines: RN

Environmental Protection’s<come to
our house tostay,
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To clean the lakes and rivers up &
An’ brush the smog away. . i \}
An’ shoo the flies off of the dumps
An’ bury pipelines deep. .
\)An' monitor and prosecute * !
An’ earn its board and keep. -
An’ all us other children '
Whep we're feeling most perplexed '
We get the Fed'ral Reg ster out
To see what's commin'’ next. .
For you'd better read the w&tch tales A
. That paper tells about 1
" Cuzz the EPA will get you =
If youdon’t watch out.
R. M. Blllmgs
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THE PUBLIG‘S VIEW "
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GLADWIN HILL - -
National Environmental Correspondent

- New York Times
~New York, New York
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In the days of vaudeville, the star act always had
a special position on the program. It was custo-
marily made the next to the last item, on the theory
it was a climax to everything that went before, but
shouldn’t be placed Iast because that was the time
when people started leaving.

Therefore, I'm honored to be in the next-to-
closing spot today. All personal considerations:
aside, I hope that the thought in putting the public’s
outlook near the end was not because that topic was
an afterthought, but because it was considered.
especially important.

My main point this afternoon will be that the pub-
lic outlook is not only important but is the most
important aspect of all your.undertakings.

You've all heatd the old philosophical coneept

~ that a tree falling in the forest doesn’t make any

noise if there isn’t someone there to hear it.

The same concept is true, in a very real way, of
all endeavors that involve the public in general—
and few things, of course, involve the public to a
greater exfent than water.

Whether your efforts on behalf of water quality
are in government, science, private industry or
conservation, those efforts are critically dependent
on money. The ultimate source of all money is the
public. And the public won't, in the long run, supply
financing for a program or a pPOJect no matter how
worthy, unless the public is convinced that it is
worthwhile. ™

We've all seen programs, even programs with
merif, go down the drain because public support for
them, for one reason or another, had evaporated.

" The most frequent reason that: publi¥ support_
evaporates is that the virtues Q,f a program are not
adequately communicated to the public. That is "
what I want to talk about briefly. Communications.

I have no credentials in water technology or in

' water science, but I do have some 30 years experi-

ence in various:fields of communications.

I think the two most important facts for people
dealing professionally with water to realize are
first, that_the cornerstone of their work is public
understanding; and second, that professionals, in

the main, aren't communicating as effectively as
they mlght because they don’t talk.apd think about
water ‘in the same language as their constituents.
T'll try to give you an example from another field.
About 1Y/ years ago the atomic power industry,
worried about the rising resistance to nuclear
power plants, sponsored a scientific opinion survey

to find out how the public felt about nuclear power:.

The industry was very pleased with the results,
which suggested“ that, 80 percet of the public was
favorable towafd atomic power. I happened to be

one of the speakers at a conference where fnese re-

sults were reported, and I'm afraid I was the skunk
at the picnic, because I said that it seemed quite
plausible that people, if asked whether they were
for or against atomic power, would say they were
forit. =

But I suggested that this popularity was resting
on sand if people had no real understanding of the
pros and cons of atomic power. I asked the atomic
power people, in the congection with real under-
standing, how many doorbells they thought they
would have to ring before they found somebody
who could give them even an intelligent definition
of something as elementary as background radia-
tion. It would certainly be a small minority. - -

Lack of understanding is why opponents of
atomic power like Ralph Nader are-having such an
easy time knocking that 80 percent favorability into
a cocked hat. I'm nof saying Nader’s right or
wrong, but I'm saying that when the debate gets
going and one side or the other doesn’t have the am-
munition, it gets knocked out of the

I think something of the same sort applies in the
field of water. Everybody uses water; everybody
depends on it; for hour-to-hour survival. So I think
there is a subconscious assumptlon by many profes-
sionals that the public is as familiar with the nuts
and bolts and pros and cons.of water management

as professionals are. ‘

But, look at it this way: How many doorbells do
you think you would have to ring, before you could
get an intelligent definition of something as elemefi-
tary in the water picture as BOD, or coliform, er
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deep well injection? How many laymen could tell
you that salmonelta isn’t some kind of fish or a new
dance?

Ten years of wr1tmg about water quality in its
various forms have shown me that public knowl-
edge on the subject is very limited. People think
water is clean if it looks clean. Conversely, they
panic if it has the least bit of color, odor, or turbi-

dity. Most people don't even know where their par-
ticular water supply originates, let alone what it

coSts them. They have no idea of the processes that
it goes through for purification. They don’t know
that a half dozen chemicals may be used.

You can see this when commumty disputes erupt
about fluoridating water. People react as if putting
any chemical in water—regardless of its medical
merits or demerits and regardless of any civil liber-
ties ramifications—as if fluoridation was, per se,
evil because it amounts to tarhipering with water’s
prlstme natural virginity.

The public is angry about water pollutlon mainly
because the result is aesthetically distasteful. And
they are willing to put out quite a bit of tax money
for water quahty as long as the levy i 1s rather in-
visible.

It is easier to raise a million déllars through Fed-
eral taxes for water pollution abatement than to
raise $100,000 to improve the” local community
systems.

Finally, the public is 1mpat1ent with the pace of -

water quallty 1mprovement The.average citizen
builds a garage in a couple of months. He éan't see
why a sewage plant can't be pub up in the same
time.

Now, how does this limited pubhc knowledge af-

_fect ‘professionals in’ water quality? Well, as I've

said, if people don’t understand your programs

) thoroughly you have a shaky foundation of support

when the in &gab]e crunchés come and someé poli-
tician wants to divert funds from water quality to
financing some ofitlandish project like the SST.
Secondly, in the meantime your program may get
only anemic support. One of the great‘oba.ndals of
this country, I think, is the minuscule amounts
States and localities and, indeed, the Federal Gov-

ernment, spend on assuring pure drinking water. .

Jim McDermott and his colleagues labored over a
decade to get passage of a drinking water bill whose
need is as elementary as traffic signals. Citizens
would be horrified if they knew that.only a few
cents per cgpita per year were being spent on
and research to avert their being
y bacteria anq viruses.
ive you a specific example of how this public

1gnorance canaffect your work. One of the big sali-

ents in water supply, as we all know has Been the
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procedure of puri?ying and recycling wagtewater.
That effort has proceeded slowly down the years,
and one reason it has gone slowly, I think, is the
widespread professional assumption that the very
idea of recycled sewage would be repugnant to the
public and would encounter a massive wall of resist-
ance. I'p sure this belief led many innovators to

_tread very gingerly when otherwise they ‘would

have forged ahead boldly.

Yet I went down to one of the first experimental
projects of this sort at Santee, Calif., and talked to
mothers while their children splashed happily in a

~ crystalline pond made of reclaimed sewage. I said

to them, “Do you have any strange feelings or mis-
givings about your children swimming in refined
sewage?” Unaniniously, the answer was, “No, why
should we think about that? Anybody can see that
that water is as clean as can be.” 2z
“This, as far as I know, has been just about the
universal reaction to wastewater reclamation. The
anticipated acceptance barrier, like the imaginary
sound barrier in aviation, proved not to be there at
all. This is one small example of how thinking in the
language of your constituents can be very impor-
tant in accomplishing what you'want todo..+ -~ *
Please understand, I'm not yenturing to picture
the public as a bunch of nitwits whose primitive
prejudices have to be manipulated like the keys of

an organ. After all, they are yout constituents, and

without them, you wouldn t be where youare.

But at the New York Times, we have an unwrit-
ten precept and that is when-you write a story
imagine that the person reading it just got out of a
prisoner of war camp yesterday. The individual is
reasonably bright, but put all of the factsin there
necessary to make it intelligible to the reader with-
out the reader’s, havmg to comb through any back
issues.

In other words, don’t underestlmate people s in-
telligence, but never ‘overestimate their informa-
tion. Thousands of impressions from many sources
crowd into every citizen’s memory bank every day
now, at a greater rate than ever before in history.
Anyone in a specialized field who assumes that the
publlc knows what he or she is talking about prob-
ably i§ wrong.

What does this mean in terms of the large-scale
effort in government, science, industry, conserva-
tion, to firmly establish the integrity of.water? I
think'what it means is that it calltseg.:ngsﬁthe big-
gest public educational campaigns in histry Not
the sort of thing that can be done with a fanfare of
trumpets and some WIN buttons and is forgotten
about in a month. But a concerted long term effort
on the part of every person in the field who wants
to see his or her efforts get the financial and moral




Q

INTEGRITY — AN INTERPRETATION

support that they have to have.

The inclination of many professionals is to say:
“Well, I'm a professional, I'll just do my little pro-
fessional thing, and leave the educafional work and
propaganda to professionals in that field.”

If I can leave only one thought with you today, it
is that that outlook won't wash anymore. In these
days of instant communication, everyone has to tell
his story, or do what he can to help along the cause

"of enlightenment, because there is so much enlight-
ening to be done. )

No man is an island anymore. The sheepskin on
the wall saying you are some kind of a specialist
doesn’t mean you can isolate,yourself from the peo-
ple who underwrite your work. When they count
the votes that support appropriations, sheepskins
don't get counted. .

This may seem like a very crass, materialistic
outlook. It isn't. I think it's only realistic. Environ-
mental problems today are 90 percent politics. We
know immensely more technically than we can put
into practice, because getting it into practice is
dependent on the political process.

Those of you who work here in Washington know
this. You are used to going up on the Hill to support
‘what you are doing. But the same thing applies all
over the country at all levels, right down to the vil-
lage level. In the early days of air pollution control,
for instance, Phoenix, Ariz., had one of the best air
pollution’engineers in the country. He got nowhere
because he didn’t realize that unless his technical
ideas were tran;f:ted into viable propositions in the
political context, they didn’t mean a thing.

Conversely, Los Angeles’ air pollution director
for years was a man who knew very little abeut.the
technology of air pollution. He was a former police
lieutenant, Louis Fuller. But he knew how to go td
the ‘county politicians- and get things done. An
‘example of what he could do on this basis was that,
single-handedly, he transformed the entire paint in-
dustry in this country, getting manufacturers to

\

change their historic paint formulas, to eliminate °

certain objectionable solvents.
I think a great deal of water pollution in this
country is probably traceable to sanitary engineers,

the men who run the municipal sewage treatment,

.plants. For years, they could foresee that their sys-
tems-were being overloaded, so they sent memos
up to City Hall saying the sewage plant should be
enlarged. And when the politicians. did nothing
about it because there is no political glamour in en-
larging a sewage plant the engineer went back to
his drawing board and saids “Well, I have done my
duty. I'm an engineer. If the politicians don’t want
to go along, that is their problem.”

The trouble was, as we all know, it ended up

-

being his problem, the engipeer’s problem. If he
had gone to his constituents in as elementary a way
as giving talks at Rotary Club luncheons, and famil-
jarized the public with the problems he had, he .
would have helped generate the head of steam nec-
essary for political action that would have made his
job a lot easier today.

All right, so everybody isn't a William Jennings
Bryan or a Ralph Nader, capable of galvanizing
public action>That is not the point. The point is that
everybody can do something, even if it is only
spreading the gospel in conversation with friends.
The important thing is awareness that the message
has to be conveyed by any means possible —that

. there has to be communication with the constit-

-

uents. .
I can’t, within this afternoon’s format, give you a
detailed blueprint on just flow this tremendous job
of adequately informing the American public on
water quality should be done. It would take 6
months, “and at least a six figure fee, to lay out a
campaign like that. A lot of the pieces of such an
effort already are being done by information spe-
cialists in the EPA. But obviously this effort overall
ﬁatimp to now, has not been comprehensive
enoug n it takes years of grunting and groan-
ing to get through an elementary piece of drinking

water legislation; when the Coast Guard is still |

backing and filling about toilet tanks on pleasure
boats, and chickening out on telling Onassis to put
double bottoms on his tankers. And when some
people equate clean waterways with unemploy-
ment. i

With adequate public understanding of water
problems sophistry peddlers like these wouldn’t
dare stick their heads out of the woodwork lest they
get chopped off.
* My point is, there is such a big informational
vacuum to be filled that everybody in the water
field, if he knows what is good for him, has to get
with the effort. Everyone should make for himself
or herself an analysis of what he or she thinks are
the big gaps in public knowlgdge.related to his field.
Then he should canvas the®ools that are available
for informing people. The tools are not just a mime-
ograph. machine cranking out handouts. They in-
clude newspapers, magazines, books, pamphlets,
radio, television, conferences, symposia, lectures,
personal appearances, and even personal conversa-
tions. Somewhere in that spectrum, everyone can
find a spot where he can do something. .

Finally, there should be the realization that the
audience you are addressing, your constituents, is
not a uniform, faceless, homogeneous mass that can
be aroused by words in mimeographed handouts.

There are different levels of knowledge, sophisti-
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cation, and inferest. Clem Whittaker, the Calx-
fornian who virtually created the art of modérn
political campaign management, had a maxim that
every voter was at least seven different people: He
was a taxpayer, probably a homeowner, a parent, a
churchgoer, a motorist, a veteran, probably a Ro-
tarian or a member of some other association like
that, and fmally, a person with, probably, ethhic’
ties.

Whittaker said that in the course of a political
campalgn an appeal had to be made to each of these
various mamfestatlons of the same person; and that

. -
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if this was done, you '5t00d your best chance of suc-
cess in the campaign.

Think about this—~and it will multiply your lever-
age in developing public understanding of water in-
tegrity and water quality. When this understand-
ing is deep enough and wide enough, the integrity
of the water, will be close to an, accomplished fact.
Between now and then, there is a lot of time, but I
urge you to waste no time in taking advantage of
that time. It will make your work easier, and the
publlc happier and more supportive, and it will
make our water better.
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