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Foreword

In the late 1960s the United States and other industrialized nations became
alarmed at the visible damage to air, land, and water quality. By the 1970s com-
plex and often highly restrictive regulations had been implemented to govern
many activities including the use of the oceans for public waste disposal.
Although extensive documentation indicated that the oceans could assimilate
large volumes of sewage, sludjze, and dredge spoils, there was also evidence that in
a few cases environmental thresholds had been reached. The public demanded
greater assurance that the oceans and coastal waters would not be seriously
degraded by tuture waste disposal.

This volume examines these issues and places ocean disposal within the context
of other waste management options. Theory is blended with practice drawing
upon scientists and public and private sector intevests. Experience and planning

_in Philadetphia, Chicago, and New York illustrate the technicai, economic and
institutional aspects that communities face in disposing of their wastes. Through-
out, there is a common theme — ocean disposal today is as safe as the other
options, but the removal of persistent toxics at the source is essential to long-term
safe waste disposal — whether on land, in the air, or at sea.

In considering the ocean option, the authers pose many questions: Are there
long-term scientific issues not being considered? How can we improve environ-
mental monitoring? Why are we so slow in adapting innovative technologies for
waste management? Who should operate waste management systems — the public
sector, private enterprise, or a combination of both? How can public intervention
be effective in the waste management process? Can we continue to manage public
wastes by balancing economic pressures with environmental integrity? And
finally, is global survival a1 stake if society does not shift to a chemically tight
system?

Keith D. Swolzenbach
Judith T. Kildow
Elizabeth T. Harding
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Two Perspectives on
Waste Management







The Future of Public
Waste Disposal

Thomas C. Jorling
Williams College

I am deeply honored by the imwitation to deliver this
MIT Sea Grant lecture, It is especially pleasing because
this lecture is the initial activity in the effort of this
conference to look to the future, specifically the future of
ocean management, a subject in which I am, no pun intended,
deeply interested.

Some may be surprised that a member of a faculty at a
small college in the Berkshire mountains of westem New
England would be giving a Sea Grant lecture. Let me remind
you that only a few miles away from Williamstown stands the
house where Herman Melville wrote the classic Moby Dick.
Perhaps those of us somewhat removed from proximity to the
ocean don't take it so much for granted.

I an by nature an optimist. And part of my interest in
the oceans arises from an intuitive sense that the oceans,
including Antarctica, can represent the subject, and the
object, of activities that can begin first, the
reconciliation of dangerous differences within the community
of mankind, and second, the harmonization of mankind with
the life-supporting biosphere. I warned you I am an
optimist.

The oceans have always had a powerful influence oh the
value systems of man. Wwhether one looks to mythology, to
the Bible, or to literature; the ocean and the life it
harbors stand out prominently as symbol, as metaphor, amd as
inspiration.



There is a universal interest in the oceans; an interest
that may have deep bioclogical origins. Certainly, it has
roots in the power, if not the mystery of the sea and its
creatures. Whatever, the sources of this interest, and I
defer in such exposition to those with greater analytic and
literary talent than I, it provides an opportunity; nay, a
range of opportunities that we, especially those of us who
ghare a concern about the oceans, should foster and
nurture. Whether it be to influence in a positive direction
guperpower relations, as for instance, in the form of
cooperative research and management agreements on Antarctica
or treaties on fisheries; or to mediate and accommodate
Third World interests, as in the Law of the Sea; or to
regulate the management of materials and waste in the
domestic setting; we should not lose sight of the grip the
oceans have on the human imagination.

And I just don't "feel" optimism; it is not blind
faith., 1 see sclid evidence all around. I see it in the
Japanese agreement to terminate whaling announced a few
weeks agn. I gee it in the continuing efforts and some
successes, regarding Antarctica and its surrounding Southern
Ocean. And, notwithstanding the current U.S. position, I
see in the Law of the Sea Treaty a level of cooperation and
understanding in the global coammunity that breeds hope and
confidence, Walter Orr Roberts' recent proposal for a
Research Park on both sides of the Bering Sea is a bold
proposal,l not just to manage properly an important
geographical area, it can be a powerful step on the path to
a new set of relationships between the two most powerful and
contending factions of mankind. Amd new relations are
essential if man is to have a sustainable, peaceful future
on this mostly liguid planet.

But this vision of optimism regarding the role of the
oceans cannot obscure the fact that there are immense
difficulties in mankind's relation to the biosphere now, and
surely there will be difficulties into the future. One of
the most significant aspects of this relationship is the
subject of this conference; the generation and management of
Public waste, or put more accurately, materials which by
intentian, design, or accident escape man's control and are
released into the environment.

The focus of this conference is the future management of
public wastes. The conference arganizers should be
Camplimented for not only have they recognized that the
controversies of today need a new context; they have at the
Sare time afforded us a theme that enables us to see, and
understand how the present relates to, if not binds the
future. We can imagine how visions of the future might
enable us to begin to make choices between where we are, and
different visions of what we might became. When viewed in
this light, the present doesn't necessarily bind to more of



the same; considering the future can liberate us to see
different possibilities and different methods; different
ends and different means. But, it must be responsible, OQur
starting point is the present, it is where we are and where
we have been. The difference between science fiction and
speculating about future public policy is the recognition
that at the same time we look to the future, we must start
from the present. The two must be connected by honest
statements of assumptions, principles, and values, as well
as honest attempts to suggest how — not just why — we
should get from here to there., And this is what I propose
to do in context of the management of public waste.

At the outset we must look beyond the current dynamics
of domestic society, we must look to the global dynamics.
It is at once trite and profound to acknowledge that all
mankind is now linked together, as often as mot by the
oceans, But there are other links; the mowvement of
materials and products, the communication of information,
values, and expectations; and the convergence of the
patterns, linkages, and forces of econamic development.

Over the past several decades, monitoring and assessing
population growth has become, at least in a relative sense,
quite accurate. The predictions and accompanying
assumptions of a decade ago are remarkably close to
conditions actually realized. And, if we are to talk about
any aspect of the human future, we must start with some
sense of how many humans there are likely to be. I'll use
the population information of the World Bank's 1984 Annual
Report,2 not as a prediction, but as a likely context; a
device to assist our imaginations in seeing the future.

In 1982, the world's population was about 4.57 billion,
up fram about 2 billion in the year of my birth, 1940. The
World Bank's annual report now includes a projection to a
stationary population, a population that under the model's
assurptions -- analyzed and projected country by country --
is reached sometime in the second half of the next or 2lst
century. The projection gets there in stages. In 1990, the
global population would be 5,050 billion; at the turn of the
century, 6,082; and stable at 11.050 billion. Large numbers
indeed, bat nunbers that represent people, people whose
demands on the biosphere will control strongly the amounts
and character of material that must be managed. Of the
estimated population in 1990 -- a date so close and the
population dynamics so structurally “entrained" as to allow
considerable confidence in characterizing the number, short
of war or other apocalypse, as a prediction; of those 5.2
billion, some 4.613 billion, that is a number greater than
today's population, is in nations with GNP per capita
currently below $6,000, This compares to $13,000 GNP per
capita in the U,S. in 1984, These figwes can be
interpreted to represent a great deal of, as yet,



ansatisfied demand for materials -- and maybe the production
of waste. In the year 2000, samething on the order of 5.5%6
pillion will be in nations currently below $6,000 per capita.

yrbanizatian, that is people mowing to more densely
popllated units of geography, often adjacent to coastlines,
algo seens to be accelerating. In the industrial world
gamething on the order of 70% of the population is urban.
The population of the rest of the world appears, at least
now, to be proceeding toward a similar pattern of urban
settlement and at a rapid rate.

These figures represent, according to one's assumptions,
the possibility of tremendous fluxes in the use of
matcerials, of water, of emergy, of plants and animals, and
of geographical space.

Again, to help us imagine a context and not as an
extrapolation, consider the curve of synthetic organic
chemical production in the U.S. Using my favorite reference
year, 1940, once again, 1.3 billion 1bs. were produced.
This grew to 49 billion lbs. in 1950; 97 billion in 1960;
233 billion in 1970; nearly 400 billion in 1980,

1 introduce the numbers obwiocusly to support a point — ~
the point being that as we consider what appears to be the
open—ended Aynamics of the human population in the
biocsphere, our assumptions, our premises, and our conduct in
the use of materials, enerqgy, water and space must change;
mast change, that is, if our goal is sustainable, just, and
free society.

But, there is some good news -- some hard evidence that
it is changing, in at least some impartant elements. Enerqgy
demand in the U.5. is my source of optimism here. As
recently as a decade and a half ago, official governmental
eatimates of U.S. energy demand for the year 2000 was 190
quads. Independent analysts, with different assumptions,
but no lessening of ®"quality of life" were projecting 125
quads. By the mid '70s, the goverrment was projecting 140
Quads of demand for the year 2000 and the independents were
projecting 75 quads -- parenthetically, it might be noted
about our current level of demand. In 1980, the government
estimates were down to 102 quads and the inde s, in
the person of Amoxy Lovins, suggest 15 guads.d wWhat is
going on here? Tremendous changes in technology for one
thing; changes that have a powerful message. Using
resouwces efficiently for another. This pattemn of change
Can becape a very bright beacon,

" As I look out on human community today, and as I see it
becaming in numbers and expectations, I conclude that if we
are to match human wisdom and actions to our biospheric
foundation then we must become a chemically tight society;
that is, the linear pattern of extract, process, produce,
and dispose of materials is simply not able to support human
Populations indefinitely. Nor is it necessary. We can,



based on what we now know, begin to develop societies
_structured and functioned as if there is a tomorrow.

In the context of waste, this means societies in which
we conserve and recycle; vhere we canfine and contain
dismosal. Certainly, such societies would place different
demands on the oceans than current societies do, or will
likely do, if we assume current trends and policies are
merely extended. Unavoidably, in societies that are mere
extensions of the present, oceans will be looked upon
lovingly as a depository.

» But, we mist start from where we are, not where we might
like to be and we must recognize the important and
determinative role of the processes and pathways through
which public policy acts. Public policy and public law are
interactive processes. Regulation or policies affecting a
practice —~ say ocean disposal of public waste -- cannot be
evaluated solely in terms of the specific practice or
adverse effect to which they apply; they are also part, a
casual part, of a much larger, general pattern of the
generation, production, and use of materials and products,
including waste.

Mcademics and analysts might wish -- even act as though
it were otherwise -- but we won't move to a sustainable or
any other model society in one grand leap. We can
articulate grinciples and assumptions, strategies and
tactics until we are blue in the face, but the actual course
of getting from today to tomorrow and the next day -- much
less to the future, is a rugged, tough, messy, campetitive
process, But, in that process if one focuses too
narrowly — say, for instance, on the question is it o.k. to
dump this stuff here? —- and doesn't have some overall frame
of reference regarding the gereral policies or principles
that should govern the management of material in human
society over the long term, then the incramental processes
will result in a society, as we would expect would result
from a collection of unrelated, random, incremental
decisions, that looks like H.G. Wells' classic description
of modern society, “everything is driving anyvhow to anywhere
at a steadily increasing velocity." Surely, it won't be a
sustainable society. It is unlikely even to be very
pleasant.

Modern man has immense power. The Institution where we
gather is a citadel to that fact. The range of choices of
technology that is available and will be available in the
future is limited only by human imagination. I tell my
students never to doubt technology. I say this to convey
the lesson that there will be no easy answers of the sort
implied by, for instance, the objection that this or that
technology "wan't work™ or “is not safe.” We will have no
easy path in our choices of technology and there will be
choices, if for no other reason than simply because we can't
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afford to do it all, But, we will need to develop criteria
to assist us in making individual, national, and
international choices over technology. And our policy now
regarding the oceans and the disposal of public waste are
very mxch involved in that process. But, the rhetor ic, even
the rhetoric of the decision-making processes of today
ignores it. And by ignoring it assures that consideration
of factors relating to the future are meaningless.

One of the most popular flourishes of rhetoric at the
present time, especially fram the Administration, including
the Administrator, William Ruckelshaus, who recently
resigned, deals with risk assessment and management. Risk
assesament, in the advocated fornulation suggests we can
evaluate how much material can be released to the
erwiroment at what level of effect and regulate to that
level of release. Used this way, it is the determination of
an end, not as a means to an end — it is a process that
defines its own end. It suggests a very static view of the
world, accompanied by an assumed ability to make judgments
about the biosphere amd its components that simply does not
exist. It is premised ugon and assumes the release of
chemicals to the envirorment. And as I have attempted to
suggest, if we make such an assumption as the method of
managing chemicals, it becomes a self-fulfilling prophecy.

As a gereral principle describing the dynamics of
industrial society that is a flawed assumption, especially
when considered fram a perspective of hundreds of years. A
policy of reacting to releases after they ocour, in a
society where chenicals are introduced at a rate of several

per year and where quantities of production are
growing rapidly, is simply irresponsible.

Risk assessment and its semantic antecedent, an ambient
control strategy, share many flaws when advocated as a
public policy that need to be understood. First of all, it
puts the entire burden of proof on the government, on the
Public and on the erviromment to support control.

It is not just a burden of proof in a legal, evidentiary
Senge., It is a burden that is made exceedingly heavy by
what it in fact assumes. It assumes an ability to acquire
knowledge about the release of chemicals, their trangsport
and fate throughout the biosghere, their effects throughout
the myriad of organiame in the bicsphere, over time, and an
ability to evaluate possible synergistic effects. If we are
menwdaboutthehealmofperm, then we must in
addition incorporate all of the uncertainty on how and why

react, and then effect the structire and function
of a human organiam, an organism already immersed in an
environment with countless chemicals in countless
Circumstances.



Each of these elements of the burden of proof deserve
attention. The ability to acquire knowledge about the
release of chemicals into the enviroment assumes a
monitoring and analytical methodology that is not, nor will
soon be routinely available. Wwhether in air, water, or
s0lid waste streams we generally only sample for the most
gross parameters. Where a given chemical is targeted,
specific methads and protocols mast be tailor-made — always
with the burden on the government, constantly scrutinized
and contested by the affected interests.

Once released, understanding the pathways by which
chemicals move through the biocsphere, how they interact and
with what effect on organisms is assuming that we can know
in detail what many ecological scientists believe is a
system —- the biosphere — that is more complicated than we
can think, Yet, if we assume the release of chemicals —— we
willingly take on that burden.

Time, and the effect its passage causes as chemicals are
released and move through the biosphere is over the edge of
wncertainty. We may know after an extensive research
project what a given chemical exposed to an organism or
camunity of organisms does in one day or one week or one
year, but we know precious little what it may do after ten
years., Yet, such an understanding is implicit in carrying
the burden of proof in a risk assessment that may lead to
the authorizing of the release of certain concentrations of
that chemical for many, many years.

Synergistic effects, that is the action of one chemical
as it may be influenced by the action of others -- probably
bhundreds of others -- is currently outside of our
understanding.

There is a different principle of management, and 1'1l
be provocative and more simplistic than need be, to make the
point and that is a principle of "do not release.”

Given such a principle, and incremental decision-making
beginning now which is informed by, and mowes toward that
principle, will steadily block the path of least resistance
and a change in our management of materials will be
for thcoming; not abeuptly, disrupting the fahric of society,
but surely and steadily and with great effect on the
sustainability of mankind. Specifically, the creative
individuals who occupy this and similar institutions will
apply their talents and imaginations to developing systems
and techmologies in which materials will not be accumilated
as waste., Especially in an institution such as this; an
institution premised on the notion we can do anything,
anything that is, which is consistent with the natural
system, it is appropriate to ask what should we do. We need
to keep tightening the circle of controls around the release
of materials to the environment. And as we do, the path of
least resistance will became a chemically tight scciety, and
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with it a sustainable future. Visionary? Perhaps, but I
believe achievable.

Will the future be an extensicon of today? In 50 years
will we be deliberating whether this or that "waste,” in the
classic Hobbesian formilation, should be put on land, sea,
and the air? Only if we keep asking it will the answer be
yes. The dynamics of public policy assure that if we keep
asking where to put it, we will have material to be put
somewhere. The "law® that assures this result is that in
any incremental decision there is a compelling force
operating on the generator to take the path of least
resistance -- often defined in contemporary economic jargon
as least cost. And the path of least resistance, now at
least, iatodziftthebmdenofwastehosanepmlic
agency, or to the environment and public health. Merely
asking the question whete to put it assures that this
compelling force has an outlet.

As I have implied, 2 global community of some 8 or more
billions cf people with high expectations for standards of
living cannot be sustained by principles of management of
waste that assume that our option is simply where to choose
to release it,

As I search for supporting evidence that we can move to
a chemically tight society, I find it in the recent
statement by Warren Anderson, Chairman of tnion Carbide
Carporation. #hile I share his and other peoples’ sense of
loas at the incident in Bhopal which precipitated his
statement, he said, "Maybe out of this will come a whole new
approach to this issue of health, safety, and enviranment .
.« . aouetuveacmitmntarﬂmobligatimtomwﬂme
way if we can. The world's going to be a better place."4

Yea, I say when the CEOs give the direction and the
tesources, in the chemical industry especially, we can mowve
to a chemically tight system.

One of the most perplexing things I have experienced
lately is the responses to my thesls from individuals in the
scientific and technical cammnity. Surprisingly from this
source I hear "it can't be dore." It's a real reversal of
roles. It used to be environmentalists were accused of
being anti-technology. And most of that critician was
directed at the easy target of inartful articulation of
their position by ewirommentalists. They weren't
anti-technology, they are pro-chojice technology -— that is,
choose technology that is congistent with life support
Sustainability; consistent with human freedom, consistent
with beauty amd joy. They were, they are saying, “don't
choose heavy-handed technology; choose liberating
technology.® But because $o much heavy~handed technology
was being foigsted on soclety in the form of big dams, big
central utilities, and dangerous products, opposition had to
be raised, and it was. But because the forum was generally
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over whether to go forward with some technological monster,
it appeared the envirormmentalist opposition was
anti-technology. But it was not opposition to technology -~
although in the framework of a specific project it may have
appeared that way (and in all candor, it must be admitted
some was), the opposition was grounded in opposition to what
was perceived as the wrong technological choice.

The ersvirommental compmunity is now becoming one of the
few sources of optimism about the future. We — even 8 or
more billion of us -- can have a joyful, fulfilled life, if
we tailor our technological choices to human values and
biospheric requirements. And we are smart enough to do that
-- if our public policy mwes us in that direction.

The comments of the author of a much acclaimed recent
study of the evolution of space technology, entitlied, "The
Heavens and the Earth: A Political History of the Space Age"™
should give us pause at the same time they provide insight
into the role of technology in the human predicament.

Walter McDougal said, "But the social mechanisms required to
tap the full technological potential of a nation,
particularly in the context of cold war competition, mean we
have to pay a price for our advances in science and
technology and the price is usually a sacrifice in human
values. I believe it is inevitable, as lang as
international competition is the primary engine moving
history, ard technology is brought to bear in the
capetition, that we will move more and more toward
management of people by a huge bureaucracy, by

technocracy.™

In our cmtext I would restate the point that a system
that assumes a linear pathway in the management of material
assures not just a sacr ifice in human values -- but a
sacr ifice of the biosphere itself.

Preventing the oceans fram becoming the path of least
resistance -- is crucdal in this long-range plan. Now here,
otw jously, I have to add specific recognition that we can't
get there in one fell swoop. While at EPA I even made
decisions to allow dumping and authorized the U.S. Air Force
to incinerate Agent Orange at sea. The way to the future
may require some dumping -~ but it shouldn't presume dumping
-- on land, air, or sea., The public policy should be firm
and credible and carry a real message that if there is a
compelling reason that the only recourse is to dump this or
that; it is only a temporary situation. And that public
policy must apply real pressure to change the conditions
leading to the practice. I can't emphasize enough that we
mist free our imaginations to do things differently.

And so perchance to dream, to dream of a chemically
tight future. What might it, or parts of it look like. I
See a house -—— perhaps called the MIT House after the team
in 1990 that designed it -- into and out of which very
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littleflowsandthathhid\doesismt released to the
erwiroment, Enerqy is supplied by different manifestations
of the aun, And 1 should add as a note in support that such
a dremm is not Wnrealistic. A recently retired MIT

I see the sewer Systems of today becaming the conduits
of optical fibers of tomorrow. Waste treatment Plants could
be communication centers, Now that ig g dream! Perhaps to
help Willard Bascam's work on the south coast of California,
the ocean outfalls will become devices for routine

Sanples of deep ccean water to support basic
research,

Path of least regj + 1t will be taken,

If past reaction ig ay quide most of you out there are
saying (if you are char itable), *ple in the sky" =- what
about pesticides, what about chemicalg released from
aill of wear ing automobfile tires? wWhat about this?

ard no use of nuclear fuels, I see a future where chemical
Exoduction, especially long-lived chemicals, is dramatically
rediced., I See a futwe where little if any new ore is
Mined,

I see a future, in shart, where “waste® . asometh ing
ﬂutmtbereleaaadm;u:eisatinypc:timofmatwe
now call waste. N)dintactitum'tbereleased, it will
be stored,

I don't wring my hands at the intractability of
problems. 1 see an exciting futwe, a futwe where we can
agree on human values, and devalop techmology to serve
them. Among those human values, ig the recognition of the
imperative of the protection and maintenance of the
biological, chemical and phymical in ity, not just of the
Ocealgg, but the lifegiving and life%?ﬂng bgoa;here
itself.
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If we can stabilize the hmman population within the next
century and we apply the wisdom and humility that should
result fram the lessons of some four billion years of
evolution, it should be possible to sustain the human
population in the biosphere indefinitely. Not just sustain
it -- to enrich it, and the individuals who comprise it.

Aldo Leopold wrote,

"Examine each question in terms of what is
ethically and esthetically right, as well as what is
economically expedient. A thing is right when it tends
to preserve the inteqrity, stability, and beauty of the
biotic community. It is wrong when it tends
otherwise,"6

Qur task is to push, steadily but steadfastly, the
tendencies in the right direction.
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HBSTRACT

Environmental alterations result from the disposition of
waste materials. The identification of aoceptable changes is
a mjor criterion of effective waste husbandry. The
protection of public health and of ecosystem integrity
constitute the primary guidelines for appropriate waste
management. Still, subjective judgments are often necessary
and can sugplement the assessments based on scientific and
technological data. Three examples of possible changes in the
mar ine environment as the consequence ot the entry of societal
discards are considered: (1) the disposai of _sewage sludge;

(2) the release of tin butyls througn their use in
anti-fouling paints on boats and sh"ﬁ“‘&ﬂ"{'ﬂ artificial
rxadidnuclide releases. Once the maximum acceptable levels or
fluxes of polluting substances are determined, the translation
of these numbers into regulatory and monitoring activity is
essential. Public perception of envirommental problems can
conflict with rational disposal tactics.

INTRODUCTICN

The introduction of waste materials to any environment
will result in changes of its physical, chemical and
biolegical properties. Sometimes the change will be
beneficial to societal interests; sometimes it will be
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detrimental. For over thirty years marine scientists have
recognized that the nature of seawaters can be altered by
noman activities (Goldberg, 1976). Initially, there was the
concern about the widespread loss of resowces through the
improper discard of radicactive debris fram nuclear power
generating facilitles. As a consecuence the goals for the

t of radicactive wastes were formulated to minimize
ary deleterious effects of the artificial radionuclides upon
human health.

nt impacts of pesticides upon non-tacget

organisms, firat recognized in the early 1960's, directed
attention to the protection of ecosystem integrity. The
potential destruction of entire groups of organisms by
biocides brought about use restrictions in many northern
hemispheric countries. At the present time there are fears
that the excessive use of halogenated hydrocarbon pesticides
in the tropics and southern hemisphere may cause a repetition
of the ecodisasters of the 1960's in the northern hemisphere
(Goldberg, 1983).

Once the polluting material or collective of substances is
identified, cause/effects relationships are sought with regard
to the impact upon the receptor. Environmental levels are
then established which define acceptable alterations to the
makeup of the envircnment. The British in their husbandry of
radicactive wastes discharged to their coastal waters
developed the "critical pathways” approach which sought to
regulate the release of those radionuclides which might
jeopardize the health of the most exposed individuals (dunt,
19682}, In the United States a similar model was developed
which was applied not only to public health but also to the
maintenance of ecosystem vitality, “the assimilative capacity”
approach (NOAa, 1979). It is emphasized that in both concepts
concentration levels, which could be monitored, were sought
smt unacceptable alterations of the envircnment could be
& L]

Of crucial importance W those responsinle for managing our
environment is an ability to regulate inputs of materials that
can threaten resources. Scientific wisdom must be translated
into simple numerical concepts which can be written into our
laws. But the formulation of such concepts often may reguire
subjective inputs. Herein, 1 will consider several waste
disposal problems whose resolution may depend both upon
judgment and upon hard scientific data. Finally, 1t must be
recognized that public perceptions on the resolution of waste
management. problems can be in conflict with scientific
evaluations. AS a consequence, the management strategy
finally adopted may not be the more rational one but one based

upon public acceptance.
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SEWAGE SIUDGE

An increasing world population with an increasing material
usage is producing an increasing amount of waste which ends up
in domestic sewage systems. Further, with increasing
treatment of the sewage, an increasing volume of sewage sludge
is being produced, wWhere will it go? The sludge does have a
restricted land usage, especially as a soil additive, inasmuch
as it may contain high concentrations of metals, some of which
may be deleterious to plant growth. With large populations of
the world living rear sea coasts, marine disposal appears
especially attractive. However, the materials do contain
large amounts of organic matter whose dissolved oxygen demand
can potentially interfere with life processes of animails.
wWhat amounts of alteration are allowable from marine discard
of sewage sludge and how can disposals be managed through
appropr iate monitor ing procedures.

A rather unique approach to the problem has been proposed
by Jackson (1982) who adopted the concept that an unacceptable
change involved the reduction of the axygen lewels of the
water to less than 4 micramolar. Below this level, some
organisms cannot survive. For amy given site location and
depending upon the flux of sewage sludge, models can be
formulated to predict whether this level will be maintained.
Using accepted parameters on mixing processes in the San
Pedro-5anta Barbara basins of Southern California, a model was
constructed. Pipe disposal at 800 meters of varying amounts
of digested sewage slidge appeared to have crucial impacts on
the oxygen concentrations but shallower disposal, say at 400
meters would not. The simple and easily measurable dissolved
oxygen gas in principle can flag an unacceptable alteration to
the environment. Other parameters can also be considered,
Such as the bigstimuilants nitrogen and phosphorus that could
possibly lead to eutrophication, perhaps an unacceptable
alteration.

Possibly a more subjective approach merits consideration.
For example, in the Scuthern California Bight region about
five percent of the fish, the Dover Sole, have surface
abnormalities such as lesion, discolorations or fin-rot
(5QCAWRP, 1984) . These alterations are associated with the
inputs of damestic wastes from the eleven million citizens
inhabiting the adjacent lands, Is this five percent figure an
acceptable trade-off for waste accommodation? Should the
nunoer be one percent or ten percent? Most important is the
basis for the designation of a nuwber. Perhaps, the
assimilative capacity of the area for domestic wastes mght be
based upon the area whose commmity structure is measurably
altered by the disxarge. Would a five percent change be
acceptable? Possibly, marine ecologists can develop
substantial and usable schemes in which to designate the
acceptability of change due to waste disposal.
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HE PROBLEM OF ORGANOTINS

The entxy of organotins to coastal emiraments'ptwldes a
significant problem in the managaent of tcu{iC_dlemlcalS.
Although not technically a waste, they do provide an
{nteresting "for instance" for the control of a societal
discard that disturbe merine ecosystems. Many countr jes of
the world are now reviewing the problems associated with the
release of the organotine fram boats and ships to harbor
waters, Can we ascertain with resent knowledge the flux of
ocganoting to a given part of the coastal ocean that will
result in acceptable change?

The biocidal properties of organotin compounds were
initially recognized in the early 1950's by Dutch scientists.
These substances have subsequently been used as fungicides,
bactecicides, and preservatives for woods, textiles, paper and
electr ical equipment (a review is given by Bennett, 198_2) .
The major compounds are tributyl tin oxide, tributylltm
floor ide, triphenyltin chloride, tr iphenyltin hydroxide and
tz icyclohenyltin hydroxide. Two of these compounds , t_‘.nbutyl
tin axide and tributyl tin chloride are inocorporated into
marine paints as anti-fouling agents, There are a.nunber of
attributes of these campounds that make them especially
attractive and preferable to corwentionally used mti-foul.j.ng

such as cuprous oxides., First of all, they provide
moce effective protection against fouling organigms for lag
periods. Secondly, they do not pramote corrosion. Finally,
they degrade to relatively harnless compounds with time.

The release of the organotins from the paint, usualily
given in weight per unit area per unit time, is the
significant parasster in their use. The minimum value,
congistent with snti-fouling activity, is sought. A greater
releage is non-economic. A smaller release is ineffective.
There are three types of farmulations: a direct mixing of the
organotine with the paint constituents; incorporation into a
chioroprene rubber; or incorparation into acrylate or
rethacr ylate polymers.

There are other entxries of organotin biocides to the
marine erwirorment. For eample, toxic impacts of organotin
effluents fram the manufactiure of “odor-free® socks where the
biocide is applied as an anti-bacterial agent have been
uncovered in Morth Carolina (Cardwell et al., 1984). The
wastes from their menufacture have been implicated in fish
kills through discharge into natural waterways which enter the
m.

Both the military and civilian operators of boats and
ships find the use of organotin antifouling coatings
especially desirable. have a five to seven year service
life which reduces the need for mge closely spaced underwater
cleanings of ship bottoms. Their use reseults in a fifteen
percent lower fuel consulption, as a consequence of a
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reduction in frictional effects due to biofouling, These
applications translate into savings of hundreds of millions of
dollars per year for large fleets. Presently used copper
axide based anti-fouling paints last for periods of only two
years,

The butyl tins are introduced to the marine environment
both fram leakage directly from the applied paints and from
painting and blasting operations. A typical release rate fram
ship hulls is of the order of 0.1 micrograms per square
centimeter per day. The most common fouling species are
barnacles and seagrasses although molluscs, tubeworms,
hydroids and sponges are other known offerkiers. Established
communities reduce the smoothness of the hull and consequently
increase friction and drag through the water. Typical paints
contain up to ten percent tributyl tin compounds.

There has been far more extensive work upon the impact of
butyl tins on ocrganisms rather than on humans. Health effects
and acceptable daily intake rates are yet to be identified
through public health studies, There is a limited amount of
field data on the persistence of the campourxds in the mar ine
environment. The most sensitive arganism so far studied is
the juvenile mysid shrimp which has a toxicity value of 0.5
micrograms/liter for a 96 hour IC50. Acute (shact term
responses) toxicities have been measured for many organiams.
Long term {(chronic} taxicities have not as yet been
investigated. They can be approached by applying a safety
factor of ten to the acute levels, i.e. on the basis of
present wisdom, a level of 0.05 micrograms per liter or less
would protect marine organisms from adverse effects.

The persistence of butyl tins in the marine enviromment is
poorly known. Photolysis may be the most important mode of
abiotic degradation with environmental half-lives estimated to
fall between 18 days and somewhat greater than 9 days.
Ancther pathway fram the agueous system is adsorption on
particulates and subsequent sedimentation, Degradation by
micro-organiams can limit the persistence of the tributyl tins
in the marine emviromment. Laboratory studies indicate that
butyl tins in fungal and bacter izl cultures can have
biclogical bhalf-lives of weeks or fractions of a week. 1In
abiotic sediments where sulfides are present, the tributyl tin
sulfide forms irreversibly and is removed fram any toxic
activity. In sediments biodegradation is the principle
removal mechaniam and the half-lives in aercbic arnd anaercbic
sediments are reported to be of the order of 116 and 815 days,
respectively.

Although present information is fragmentary, we have, 1
submit, adequate information to make a judgment as to whether
to allow ships treated with tin butyls to utilize a specific
harbor. If the yearly average area of ship bottoms painted
with tributyl tins in a given harbor is known, the leakage of
tin butyls into the waters can be estimated. EKnowing the
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flushing times of harbor waters, coupled with the particulate
loading of the waters and with persistances based upon
biological and abiotic degradations, estimates of tributyl tin
levels can be ascectained. The results can be compared with
the upper limit of 0.05 microgram/liter proposed on the basis
of the acute dose to shrimp larvae, Even though this approach
is somewhat primitive, it can be checked by monitoring
programe for the tributyl tin levels in the water.

An optional procedure to manage the use of tin butyls
might be based upon a tradeoff. Clearly there are operational
and economic benefits from the use of tin tributyls., Also the
biocides will impact upon the more sensitive organisus,
especially in areas where the tin tributyls have a short path
to the ocrganisms from the ship bottom, such as in dock areas.
There are reports that arthropods and bivalves have
disappeared fram the dock areas in some mar inas. The guestion
then becomes how much of a harbor area can be sacrificed in
order to minimize ship and boat maintenance and fuel costs,
This is the same type of question that can be posed for the
disposal of domestic wastes. A possible solution is then to
accept changes in the flora and fauna of the harbor area. 1Is
the displacement of some indigenous organisws by those that
are more tolerant of butyl tins a reasonable exchange for the
economies resulting to the ship and boat owners?

4. THE RELEASE OF ARTIFICIAL RADIONUCLIDES

There are many instances in which public perception, as
to scholarly assessment, has defined acceptable
environmental alterations. Several recent instances involving
low level artificial radicactive waste disposal aidress this

point. The plarned marked reduction in the release of low
level radicactive wastes into the coastal waters of the United
Ringdom and the decision to dispose of nuclear submarine hulks
on land as oposed to the deep sea are responses in the main
to public opinion rather than to conventional scientific and
engineer ing wisiom and to economic considerations. It must be
emphasized that the informed public can be put into a state of
confusion by exposure to conflicting views of knowledgeable
scientists.

Obtaining public acceptance of a rational discharge
strategy based upon scholarly assessments can be difficult
with the prevalling mood that the oceans should be kept
inviolate with respect to societal wastes. This became
especially evident with the pcoblem of the disposal of
decommissioned, defueled naval sumarines. The United States
Depar tment of the Navy prepared an enwirommental impact
statement in which land versus sea disposal options were
oonsidered (NAVY, 1984) . The former invoived storage of the
radioactive parts of the submarines at the Savannah River
Plant in South Caralina or at Hanford, Washington, both
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presently existing nuclear waste disposal sites, Aan
alternative would be the sinking of the entire submarine,
without the reactor core, to the seafloor in waters deeper
than 4.0 km. fram a U.S. coast.

The assessment of the options involved potential impacts
upon the enwiromment, the uses or resources such as land or
mater ials, the impact upon ecosystems, the effects on public
health, especially during protective custody of the vessels,
and the relative costs. Sea Disposal turned out to be the
least costly option. There were no evident impacts upon
public health through exposure to radiation or to the
environment in the iand or sea disposal options. All
alternative disposal technigues could not be examined inasmuch
as such information gathering would have added additional
costs to what appears to be an already expensive undertaking.
Disposal at sea would have cost two million dollars, while
burying the radioactive reactor compartments and the digposal
of the non-radioactive parts of the ship would cost a little
over seven million dollars. With one hundred ships siated for
disposal, the sea option would result in savings of around a
half a billion dollars.

Environmental groups, citizens and the U.S. Environmental
Protection Agency challenged the validity of the assessment.
For example, a fundamental concern of one environmental yroup,
The Ocean Society, involved the absence of detailed knowledge
about some aspects of deep sea ecology. Yet there were
neither identified problems in the deep sea involving the
transfer back to society of the radionuclides nor serious
impacts upon ecosystems. Some scientists wece concermed about
the precedent of disposing of these low level ralicactivities
as providing a precedent for more extensive ocean dumping
activities.

As a consequence of the public furor, the Navy abandoned
its plan to sink the retired nuclear submarine hulks to the
seafloor and instead to bury them in disposal yards. Eight
ships are presently awaiting this fate. This example
illustrates the urgency tor marine scientists to formilate
more persuasive arguments to convince the public of
economically and saentifically sound courses of action in
cases where the sea is proposed as waste receptacle. In this
case the U.S. citizenry will pay more for a land disposal
tactic that is not better than the sea alternative.

For nearly a quarter of a century, the United Kingdom nuclear
establishments have discharged wastes to the coastal waters.
The Fisheries Radiobiological Laboratory of the Ministry of

iculture, Fisheries and Food have monitored these -
discharges to establish whether the resulting public radiation
exposure is within nationally acceptable limits. Annually,
reports are issued to identify the most exposed individuals
ard the radiation doses they received, either from the
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consuaption of seafoods or from exposure on beaches or in
hoats (Hunt, 1982). The monitoring programs indicated I‘.h._at at
no times were any individuals receiving amounts of radiation
greater than those recommended by the International Commission
on Radiological Protection.

However, in 1983 a television program suggested that there
wag an increased incidence of childhood leukenia in the
neighborhood of the Sellafield Nuclear Pacilities perhaps as a
consequence of the artificially produced radioactivity
entering the environment. A Commission was formed to inquire
into the problem and headed by Sir Douglas Black (Black,

1984} . The Commission concluded that the hypothesis can
neither be categorically dismissed nor can it be readily
froven, Mortalities fram childhood cancer, particularly from
those other than leukemia, appeared to be near the national
average, but the possibility of local pockets of high
incidence could not be excluded. The Commission pinpoeinted
Some great difficulties in relating measured environmental
levels to actual exposure. Population exposures are ‘
determined on environmental measurements of radionuclides in
various parts of the environment. Perhaps, there are
unidentified sites of concentration which act as a path back
to human society. Algo, wnplanned discharges, not detected by
the wonitoring programs, could have delivered a significant
dome via an unsuspected route. Still, using models with most
conservative assumptions, the Comission found no evidence of
4 general risk to ~hildren or adults living near the nuclear
facilities compared to their near neighbors.

Tlnrapotthadcriticabothammg the lay public and
within the scientific community. Shortly after its issuance
in 1984, there were a series of articles in Nature and in the
Popular preasg contesting the conclusions of the Black
Commigalon (see for exanple Pomiankowski, 1984},

Sophisticatad statistical analyses of the data, only
transferable with difficulty, if at all, to the lay public
formed the bases of the disagreement. Both the report and its
critice call for further research on the possible health
consequences of the discharges. However, the Black Camnission
Report, suggesting that there is no demonstrable relationship
between the discharges and the incidence of childhood cancer ,
will not overoome the momentum to greatly decrease the
disposition of the radwastes to the S5ea. Present intents of

5. OVERVIEW

The first step in pininting an unacceptable alteration
to the marine enviromment through waste discharge is the
identification of what resource is being protected — mman



23

health, ecosystem integrity, recreational use, transportation
or aesthetics. Once the acceptable levels of a given waste in
the ocean system is agreed upon on a scientific basis (or the
rate of introduction of the waste), the translation of

humer ical levels or rates into public law is possible.
However, sometimes objectively determined criteria can not be
formuilated and recourse to subjective judgments takes place.
For exanple, in the case of the entry of tin butyls to the
environment through use in ship and boat paints, the level to
protect the most sensitive organism so far irwestigated, the
mysid shrimp, is known? However, it may be worthwhile to
consider an alteration in the commmnity structures of
organisms in the harbor as a rational trade-off for the
thousands upon thousands of dollars savings in fossil fuel and
maintenance costs to operate the ships. The determination of
the area of the harbor that can be sarificed is a subjective
judgment. Similar trade-offs can be formulated for the
disposition of sewage sludge to a coastal area where the waste
problems of large populations can be rationally handled.

The identification of the minimum amount of information
necessary to evaluate whether or not to put a given waste into
the ocean is also a very important consideration. (Goldberg,
1984) . In general the essential scientific and technological
information to consider the marine disposal of wastes can be
divided into three parts: the source term; the impact upon
marine resowces; and the mixing or dilution with the
receiving waters. These three sets of data are site specific
and interrelated. With such information, monitoring programs
can be devised to ensure that unacceptable impacts have not
occurred or are not possible of attaimment in the near future.
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1. INTRODUCTION

The wastewater treatment and sludge managetent technology
which will be used in the future will undoubtedly be dictated by
many forces which are difficult to predict from today's vantage
point. But, itisputativatlatthepxesentstateofthesetedm-
nologies and how they were developed offers insight and permits

about the state of wastewater treatment and sludge
management technology more reliable than one might initially think.

This paper will attempt to discuss what wastewater and sludge
management tecinologies will be used in the year 2000+. These
predictimsw:illbebasedupmareviewofthehistoryofthede-
velopment of these technologies which the authors believe is the
moet useful information which can be used for making these predic-

2. HISTORY OF WASTEWATER TREATMENT TBCHNOLOGY
Prior to 1900

The development of wastewater treatment techmology is closely
linked to man's move from a rural to an wrban enviromment. After
1800, the econamy of the United States like most western nations
no longer was primarily based upon agriculture, This was caused
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be present in highly concentrated areas, From 1800 through 1850,
wastedisposalcmsistedmainlyofthesystemsusedintherural
enviranment. The pit privy was often the waste disposal method
ofcmice.ormrse,disposalmisbedofdmpiminnearby
ditches which occasionally were flushed by rainfall to nearby

Table 1 coptains a listing of the municipal wastewater treat-
mtsystersmdwate:qualityhrpactswhidlwereprevalentinthe
United States from 1850 to 1900. As can be seen, this half of the
nineteenth century saw the beginning of modern wastewater treat-
ment technology. The large cities began to build sewer systems to
serveﬂieresidentsa:ﬂixﬂustriesofsmhcitiesasBoston,Nw
York, and Chicago. Sewers were built in this period to solve
drainage problems in low or flat areas and to give a more aesthe-
ticallyacoq:tablealtetmtivetotheprivy,opmd:ajmge ditch,

Earlysaersystemmdeaigmdtocaxrysewagetorivers
mﬂ/orlakesinammimtarﬂmefficimtmarmh:tdid
nothing to solve the problem of pollution of these surface waters.’
In fact, early sewer construction probably aggravated pollution

in scme instances since more wastes were conveyed than
previously. In additiom, industries such as paddng plants, tan-
neries, and steel mills began to spring up and contributed to the
water pollution problems as well.

Basically, United States cities, before 1900, relied upon
the water available for dilution in the receiving water-bodies to
prevent or arelicrate pollution. Furopean cities such as Paris

Table 1
Mmicipal Wastewater Treatment Before 1900

Donsstic Sevage Induatrial Sowage Menicipal Processss Hater Qualicy Impacte
Kicchan and Bumse  Pucking Plasts: Dilwtton Dlietion Sometimes
astan: was Ingufficient
L g Sowage Faras (Paris, Conaing Contemina-
Fathogeas - ] Barliin) tion of Driucking
L L 171
- Tanmaries: Chanical Frecipica-
yos tien Winimal Treatmest
Cymide Aepulcad in Sewers
tulfur Intevwitteat Samd Water CQuality De—
Hitration gradation in Zome
Sreal Mille: Ccanan
Little Imdmacrial
Cyanide asts Trestmamt
[ T H
- Omyat of Chlorins-

tion of Drinking
Water Sopplice
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and Berlin, which had to deal with pollution problems long hefore
the United States did, were using sewage farming, sametimes refer-
red to as broad irrigation. Such technology did not find favor
here primarily due to asthetics and the nature of the climate.

Although the muwber of wastewater treatment systems anployed
in the United States before 1300 were not many, the use of chem=
ical precipitation and intermittent sand filters was considered
by some United States cities. Most industries, except in isolated
cases, did not consider wastewater treatment as being necessary.

Water quality impacts, of course, were not as well recorded
as they are today. But we do know that oftentimes water supplies
mteseverelydeteriorataibymstaaterdisposal as ewvidenced by
the outhreak of waterborme diseases reported. Since drinking
water disinfection did not became widespread until after 1900 such
problems were perhaps inevitable.

ﬁecityofddmgorﬂdcmeofthemstseverepnblmof
oontanination of its drinking water supply by wastewater. Until
1800, the Chicago River drained directly into Lake Michigan, the
source of drinking watexr for the city of Chicago. The city's sew-
age drained into this river and unlike today, typhoid, cholera,
and dysentery were widespread in the comunity. To compensate for
the prcblem, city officials kept extending drinking water intakes
furtherfranslnrehxtthissclutimmﬂdmlylastforafw
years, Finally, in 1885, a severe rainstom flushed a large
anomnt of waste int:othecxicagoRiveraxﬂintomkeMidiigan. It
was reported that twelve percent of the ity's population died
fram the resulting outbreaks of cholera, typhoid and other water-
borne diseases. Driven by this catastrophic event, the city de~
cided to take drastic action. Given the fact that the wastewater
treatment technology of the time was crude at best, the decisicn
was reached to simply reverse the flow of the icago and Calumet
Riversa:ﬂtotaketiﬂna:tofﬂelakehﬁ.dxigandmjmebasin
and put them instead into the Mississippi River basin. The Metro-
politan Sanitary District of Greater Chicago (District]) was cre-
ated in 1889 and embarked upon the task of reversing the flow of
the Chicago River.

The reversal of flmwasacmq:lishedbybnﬁldingaca:ﬁlof
sufficient size (10,000 cfs) to drain the Chicago River during
storm flows. Fi lsl-uwsthemt-ﬂadewaterwaysystemcreated
to divert sewage into the Des Plaines River (eventually amptying
into the Illinois River which ultimately enters the Mississippi) .
'Ihemindaa:melwascm’pletedinl%ﬂ,t&ﬂarthstmedmxel
in 1911, and the Cal-Sag Channel in 1922, To prevent foul odors,
and to dilute the pollutional level in the waterway for downstream
uses, [aheuidtiganwatermsdisdnrqadmm:ghlocks into the
system, Basically, Chicago had decided to relocate its source of
drinking water contamination and dilute it sufficiently to control
water pollution problems for downstream users.

Fi%g_EZarﬂg_shawthesucneSSthatdﬁ.cagoadﬂevedinr&
ducing Tevel of typhoid fever deaths. As can be seen in Fig-
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Figqure 1
The Man-Made Canal System of the Metropolitan
Sanitary District of Greater Chicago

re 2, the typhoid death rate before 1900 was variable but never—
theless very high in relation to the pericd after 1900. As in-
dicated in F 3, by 1917 the typhoid death rate in Chicago
was far below that of other major United States cities.
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but also in maintaining
As shown

culminated not only in a drastic

reduction of Chicago's typhoid death rate
the excellent chemical

quality of Lake Michigan water.

The reduction in pollution
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United States Typhoid Fever Mortality Rates
1917

@nTahleLthereislitthdiffminttnlmleoftotﬂsol*
ids, ammonia, total nitrogen {albaminold-N) , chlaride, nitrate,
niuihe,mﬂmdmleﬁminmmdﬁganmbemlma
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Table 2
Selected Comparative Analyses of Chicago Lake
Michigan Water and Chicago Sewage

Lake Water Raw Sewage

1908 1984 1909-10 1984
Total Solids 156 155 471 570
Ammon i a-N 0.009 <0.01 8.8 11.4
Albuminoid-N 0.104 0.16 7.02 12.4
Chloride 5.0 g.8 40.0 98
Nitrate-N 0.29 0.26 0.35 0.21
Nitrite-N 0,00 0.00 0.11 0.16
Oxygen Consumed 2.6 <5 ig+ 221

All values are in mg/L.

and 1984. mkably,tlﬂsmstgtmentmbemdafortharm
sewage in Chicago. Asalsostmin‘rab1e2,tl'lesewageinctli—
cage in 1908 is really not significantly different fram that of
1984 with respect to the parameters indicated.

Mre:hctimindﬁcago'styﬁniddeathrabecleaﬂydam-
strates that water pollution control will improve public health
not only locally but nationally. As shown in Figure 4, the life
a@ectarcyofmaricanshalixmsed&rmtimuysiman.
Hanyfacbc:mbesidesmterpollutimcmtrolmaammhavem-
dmbtedlycmtribatedbothedseofufeaq:ectancy,butﬂnse
attributable to water pollution control must share some of the
credit.

1900 to 1530
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YEAR

Figure 4
Life Expectancy 1900-1904

ittmmmsawtimtinﬂntedmlagms
available to engineers for treating wastewater. During this pexi-

the exoeption.
Table 3 presents a gualitative listing of mmicipal wastewater
, treatment technology, and weter quality impacts for
the period of 1900 to 1930. Treatment unit processes using Irhoff

have today. Mmla.mianitxogmhnlsrmgeﬁmlos
to 38.9 pp and suspended solids fram 214 to 384 ppm. Per capita
water congsumption ranges from 69 to 178 gals/day and is typical
of what we expect today.
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Table 3
Mumnicipal Wastewater Oomponents and Treatment Technology
1900-1930
Domaptic Sewags Industrial Sewage Municipal Frocesses Water Quality Impacts
Grwater Use of Food Procesaing First Trickling Pilter Putresibla Couditions
Indoor Plumbing: Flants: in U.5. - 1901 in Recelving Wacers
Alleviaced
Pathugens Canning Ishoff Tank Iavented -
:gﬂ Dairies 1904 Assthetice Improved
FOG Commetcial Firet Imboff Tank in Waterborne Diseswsn
Laundries: U.5, - 1911 Decreasad
Incrasaed Usa of
Soaps and Domes-— ros Tovention of Acti- Dilution Watar
tic Cleaning 58 vated Sludge « 1914 Quantity Decreamad
Agente: MBAS
Pirat Activated Sludge
HBAS Tarmeries; Flant io t.5. - 1916
Chromium pistrict's North Side
Cyanide SIW {175 NGD) Bagine
Operation - 1927
Aatomcblle
Industry: A Little lndustrial
Waste Treatment, Mostly
Coppar Combined Industrial
Zine and micipal Wasts
Land Treatment

Cooking Operation: Chlovinacion of Water
Suppliss Becomas an

Cysaidas Accapted PFractice
Fhanols
oy -N Practice of Sewuge
pllution Progressively
Othare lecredsas

TableSslwstlnanalysesoftMsehagewﬂmter supplies
of five citles in the United States during the period of 1905 to
1?11. Again, itisnﬁeedreunﬂmbleﬂ\atmesmageoftmae

quality found today. Industrial waste showed dramatic increases
fzm1900b01930withﬂ-erapiddeve3mtofﬂefmdp:ms-
ing industry, tmmiea,mﬂmumnhilemamfwmm,toma
faw.

1930 to 1950

The period of 1930 thivugh 1950 represents a phase of consoli-
datimmﬂopﬂn\i.zatimfart}esmitaryarﬂemdmtalegi-
neering fraternity. BRs Table 6 shows, major -treatment processes
were developed. ktivatﬁ_sﬁiﬁemqaﬁmllyﬂ)ep-ooessof
dnicehatfixedﬂlmsystmmestillmedfwmllaplmts

uterelessmtpama!ﬂexpertiummilable.
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Table 4
Comparative Average Sewage Analyses, 1920*%

Largs Amarican
Amarican Small Residential
Cities MAmerican American and
{Combined Mig. Mfqg. Rural
Constituents Savers) Cities Citiss Communities
Sewage Flow, gal.
per cap. per day 179.0 95.0 $9.0 80.0
Hitrogen as:
Frea Ammonis 10.48 26.5 18.9 27.2
Albominold Ammonia 7.0 11.9 11.3 7.8
Organic Mitrogen 8.0 24.1 23.8 18.0
Kicrites 6.11 0.26 -~ -—
Nitrates 0,44 1.19 - -
Oxygen Consumed 59.0 133.0 107.0 T1.0
Chlorine 48.0 1059.0 83.0 47.0
Alkalinicy 153. 6 129.0 —-— -
Solids:
Total 1355.0 1058.0 130,08 601.0
Volatile 432.9 635.0 448.0 293.0
Fixed 302.9 $23.0 262.0 210.2
Suspsnded Scolids:
Total 214.2 i 242.0 342.0
Volatile 144.3 288.0 203.0 260.0
Pixed $9.3 96.0 9.0 B2.0
Dissolived Solidet
Total 1052.5% £08.0 488,00 261.0
VYolatils a41.3% 270.0 s, 0 133.0
Fixed 1.0 kx] ] 243.0 128.0
Fats 24,) 31.0 - -

¥alues axe 1o PPN,
REFERENCE: Metcalf L., and H.P. Eddy, Bewerage and Sewage Disposal,
McGraw-Fill«®ook Coepany, Inc., Wew York, M.¥,, 1822,

Industrial wastes were becoming more and more camplex during
this period with the tremendous qrowth of the organic chemicals
industry and the scphistication of the defense i
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Table 5
Oomparative Analyses of Water and Sewage
(Parts per Million)*

Residue
oo Tree Oouygent

Location Evaporation smmonis  Chlor ide Witrates Coosumed
Brocton, Mams.

Water Supply {19505-09) 3.7 0.013 6.2 0.009 2.2

Sevage (1505-09) 2210.0 47.8 14k.3 — 433.7
Worcester, Mass.

Water Supply (1905-09) .4 0.019 2.1 0.052 3.0

Sewaga {1905-09) 871.0 17.7 1134 - 122.0
Providence, 8. I.

Watear Supply

Filtared (1911) 56.0 0.009 6.3 0.12 3.5

Sewaga (1909) 1715.0! 15.40 496.5 - 59.3
Chicago, Ill.

Water Supply (1908) 156.0 0.034 5.0 0.29 2.6

Sevage {1909-10}) 471.0 8.2 40.C 0.35 8+
Mansfield, Ohio {1910)

Water 1.0 0.081 8.5 1.5 0.05

Sevage 876.0 13.3 108.7 0.2 51.6

*Refarence: Hetcalf, L., and H.P. Eddy. MM‘A- HeGraw-
Hill Book Compapy, Inc., Bew York, K.Y., 1922.

lpgrimated.

troastbly by KMO41n & hr.

were hardled in 1933 in 417 United States cities. In a similar
faslﬁmmday,mstj;ﬁustrialmweredischuqedtocityw
ers for treatment at domestic wagtewater treatment facilities.
In1933,themnceptoftheuserdurgemsinitsinfmcy
sinoemlyoneixﬂustrialvasteplantmchargeddirectlyfar
treating its wastewater.
mmmmmmmmwmnm
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Table 6
Mmicipal Wastewater Treatment
1930-1950
Domsstic Sewigs Industrial Sowage Nmicipal Procasses Water Quality Impacts
Gacbage Grimting: Yatal Flating Activared Sluige Pre- Assthatics laproved.
B Indantyyt donisatas Over Fized
- ] Natals Tim Systems. snsarcbic Conditfons
Cranide DACT L .
Ingroveneuts in Clef-
Bousshold Cleaning Ovganic Chemical ifiear Deuigs. atar Quality lmprove—
Buppline: InduatTy s sants.
Phoaphorun Deguso~Fhomphotee Twiuatrinl Fratrast-
Sard Detergenta Pesticides saut Begins. Increased Intersst im
Watar Sporcs.
hafoms Indmgptry: Large Increass in
THtrakes Sewersd Fopulation.
Matule
Nervs Cuaes/ Large lacreass 1o
Compoliats Flasts Built.
Touwic PhompleTes
Eiare
™ Yasten
Table 7

The Sanitary District of Chicago, 1933
Seemary of Industrial Wastes {Preliminary Estimates)

wmbax Soapeaded
o Tlow Solide 5-Day BOD Population
Flauts Indunt ry [ ] {1b. par 24 hr.) {lb. per 24 br.) Equivalest
" ook n.n 130,080 152,000 512,00
1| m“r 1.9 13,9 22,650 133,98
FL] Brwearios M 18,800 33,8400 214,088
] Tasst amd Yinegar 2.43 6,040 26,758 169,300
S Fapar .23 11,180 4,530 1%.1M
) Touatc Camning® . 11,200 11,58 129,908
[} Malt Plamta 1.93 470 14,960 9. 780
4 y-Prodects Coke 1.713 1,78 10,600 111,008
b ) Vogwtable Oil Eafinieg 2.0 3,470 0,088 44,300
3 tar Distillation 1.4 by ] 3,918 13,464
12 Candy (Rs¢.) 4.4 3, 600 11,084 o, 000
1 OCorn Froducts 15.00 4,000 4,000 36,000
- Lamdvies {Ewt.) 1.4 1,480 12,000 12,000
- oslciss (Est.} 3.0 . 604 13,000 TR, 800
- Hapatlansoss (E5t.) 1800 18,000 10,080 118,000
Total ®.9 241,99 372,010 2,732,060
Thurluy canniny Seadon, Wpeat-DCTObaT .

the begiming of the uwse of garbage grinders and the increased

use of detergents.

] Water quality contirued to improve during this period with
increased cstruction of sewage treatment plants. Secondary
treatment of sewage was becaming more widespread during this period.
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Table 8
Industrial Waste Treatment and Disposal in 417 U.S. Cities
Over 1000 Population, 1933

Method of Treatment Number Percent
Waste Mixed with Sewage 229 54.9
Waste Treated Separately 4 0.96
Untreated Waste Discharged into Sawer 141 33.8
Waste Treated at Origin 13 3.12
Waste Treatad by City 1 0.24

Waste Treated and Effluent Discharged

to Sewer 21 5.03

Industry Charged for Waste Treatment 1 0.24

REPERENCE: Powell, W., lndustrial lfaste Treatment in Cities,

Chemical and Metallurgical Engineeringa, 40, 359
1933).

1950-1960
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Takble 9

Wastewater Treatment

1950-1960

Somaatic famsge Induatrial Sewege

mmicipal Procasass

Water Quality Impects

Garhage Grindete lorinsted Epdvo- pegulatory Comtrol at Decrasss 1o Direct
carbons Paderal and 3tats pischargard.
Sard Detergants: Leval Bagine.
Phowpbaras Pesticides Improved DO and
Toan Activated Slodge Tramsparency of
Berbicldes 4rill Mredominates. Eaceiving Watars

Watar Conparvatlon
in Selverhe: Induatrisl Pre-
treataest at Mejor

Citise

Satter Doderstandiog
of Blological Treat-
aant Systoms.

Decresssd Tnputs of
e Texic Compounds.

Heusebold Uee of Laboratory Methods

ead Killers emd Improve.
Festicldes
Operator Cartifica-
tion lIocTesses.
1960-1985

MIutZSymWsapaﬂ.odsimilarmthatduﬂng
1900m19301nt!ntdurimbothoftheseperindsalargemmber
ofnwuumttadmlogiaswreintmducedardtheremsm-
cresped avareness and damend for better water pollution control
by the public. Table 10 shows same of the treatment technology
dewlopeﬂandttngunralmha—mpofmdusttialanddmesticsw-
age froam 1960 to 1985.

mrrnlastzsyears.tlnrehasbemamltiuxieofnew;am-
cengses daveloped including —~chemical treatment, the UNOX
PYOCBES , stripping, nitrification and denitrification,
etc. These have been intensely researched and pramoted.
Yet, few have been widely applied. Physical-chemical treatment
mmlyb;sﬂgmmd:jc&if:mumwmmmbemac—
cepted by mmicipalil ite strong promotion for this appli-
caticn. Despite the widespread publicity and research done on
mmmmmﬂxﬂqamm,ﬂﬁstarﬂardactivated
glxﬂgep:wessstiuhgumllydmmforapplicatimatumic—
jpal plants. Ammonia stripping was highly touted as a mechanism
gorminrmlf:mm,yetbiologica] nitrification
in activated sludge systems is usually chosen for application at
mmicipal plants even in colder climates.

Before 1960, the forces in envircommental poliution control
were more or leas inherent in the mmicipalities. Municipalities
adoptad wastewater treatment schemes because of their own concem
about effects upon local public health and receiving water qual-
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Table 10
Wastewater Treatment
1960-1985

Domantic Sewvaga

Industrial Sewvage

Mamicipal Procasses

WUater Quality

Soft Detergents:
Lass Foam

Low Phoaphate
Datergents:
Lover P

User Fees Lower

Water Coonsumption:

Bighsr BOD
figher 58

Increases in Gar-
bage Disposers:
G
D

Huclasr Wastes

Pharnaceutical
Hastes

Haxardous Wasten

Chemical Warfare
Componante

Pesticide Jodustry

Organic Chamical
Industry

Flastics Industry
asten

Adhanivas Iodostry
Hantes

Clesn Water Act-1972
WPDES Parmits-197%

Biological Witrifica-
tion & Danitrification

smcnia Stripping

Physical-Chemical
Traatment

Phosphotus Removal:
Mologicsl
Chemicsl

Ju0X Process

Advanced Waste Trestc-
mant
Sand Flltration
Coagulation-
Sadimentation
Carbou Adsorption

Pratrestmemt Stapdards:

Cacagorical
Standards
Removal Credits

Toxic Raductions
gaduca Direct
Discharges

fede.ralandstatemgulatoryforcesmﬂa
dﬁefreasmsfortheomstnxztimmdamimoftmammt
plants'codealwithrmtrimtsandtmd.cs.

Naturally, the regulatory forcesmetheresultofsocial
alﬂpoliticnlchang&smthemitedsmbes,hra:ghtahmthyin—
creased citizen awareness of, and desire for, better envircrmental
protection. remains that meny forces which influenced
mmicipalsmgetreaumtponcymmallygmemaltothe
mmicipalities themselves. State and federal agencies must, how-
ever.beprudmtwdmﬂeyendﬁavortoreqtﬁxenenarﬂmrestrmﬂ
galtomtmlofefflmtmxtminmtalastt}emimkesofthe
repeated. The isgue of efflvent chlarination offexs yeal
ofatzeammtstaxﬂardmleadm

mmicipal secondary effluents
of 400 per 100 mL.
chlorination. By 1977,

ity. After 1960,

sericus problams

In19‘?4,thelEEPA:equiredall
to meet an effluent fecal colifarm ocount
nﬂet.thisstaxﬂard,mmicipalplmtsused
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the USEPA removed the fecal colifomm regquirement from its second-
ary effluent standards. It became widely Icmwn that effluent
chlorination produced harmful effects upon £ish life and ocould
elevate the levels of chlorinated hydrocarbons in drinking water
lies.

mmnmmwmfmmﬂmsm'
of the District's 350 myd North Side Sewage Treatment Works (STW)
before and after effluent chlorination was discontinued. As can
be seen during effluent chlorination, fram 1974 to 1980, fish pop-

Table 11
Camparison of the Results of Fish Collections
Downstrean of the North Side Sewage
Treatment Works, 1974 through 1980
and During 1984
(Chlorination Discontimed April 1, 1984)

Number of Pish Collected

0.7 to 1.7 miles®* 1.5 to 2.5 milea®

Fish Speciss Collectad 1974-19800 1984¢ 1974-1980d 1984e
Goldfish 1 1 0 7
Carp 5 2 3 B
Carp x Goldfish Hybrid 1 o 2 0
Golden Shiner 0 1] 0 1
Bigmouth Shiner 0 0 0 1
Bpottail shiner 1 ] 0 1
Bluntnose Minnow 1} 12 0 99
Fathead Minnow 1 70 0 171
Longnoes Dace [} 2 o 3
Black Bullhead 0 1 o o
Brook Btickleback [} 18 0 58
Gresn Sunfish 10 7 4 0
Blvegill 1 0 0 2
Yellow Parch 0 2 0 2
TOTALS 20 115 9 366

d5Tatance oM X de Sewage Treatment
fsults of paven collections, 1974 through ggg:.. g‘:‘fﬂtl;li‘;‘n“e

c:g D::Oh Avenus.
sults of one collection 5
Results of g ! » 1984,
€0 Bryn Mave Aveoms CTi0n® 1974 through 1940, Granville Avenue

SResults of one collection, octobaer 30, 1984
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vlations intIENorthSI'nreCharmelmrevirtuallymmtistent
of the North Side SIVW. After chlorination ceased
(ppril 1, 1984), the nmber of fish collected equalled 366 as
to cnly nine fish total in six previous years of collec—
tions during effluent chlorination.
Itis}wedﬂ:atstatearﬂfedezalagencieswillbeme
inthefutureinsettingenvimmentalstandardSanithat
thefullerwirmtalmequencesoftmiractjmswillbeeval—
vated before standards are finalized.

Because of huge amounts of construction money criginally
available through the Federal Water Pollution Control Administra-
timandeventuallymemitedsmteemixummtalmtectim
Agency (USEPA), it was inevitable that the period of 1960 to the
present would result in a proliferation of new technology to deal
with the concern about nutrients and taxics. Physical-chemical
treatment, ammonia stripping towers, nitrification—denitrifica-
tien, biological phosphorus removal, rotating biological contac-
tors, and different types of sludge treatment and disposal tech-
niques are but a few of the methods which emerged in the 1960s
and 1970s. Many municipalities were faced with the problem of
meeting very short deadlines to build facilities to deal with im—
perding effluent standards for nutrients and toxics. Oftentimes,
mmicipalities were forced into construction with little data to
support the designs used.

The District, too, was faced with the imposition of strict
effluent standards during the 1960s and 1970s. BHowever, these
sta:ﬂardswereinposedmainlyupmtjmefacilitiesofthenis-
trict which discharged to natural streams, not the mamrmade water-
way system which received so much attention fram 1910 to 1960.

Table 12 is a listing of several nitrogen ramoval studies
conducted by the District fram 1972 to 1980. Based upon the re-
sults of these studies, the District constructed two new waste-
water treatment facilities utilizing the two-stage activated
sludge process, the Joln E. Egan and O'Hare Water Reclamation
Plants. Ancther facility, the Eanover Park Water Reclamation
Plant, was expanded to a single stage activated sludge plant.

] As early as 1965, the District became aware of the pessibil-
ity of effluent BOD and $8 standards being more stringent than
secondary treatment for facilities discharging to natural streams.
Fram 1965 through 1978, a variety of granular media filters and
microscreens were evaluated on both pilot and full-scale basis.
Table 13 presents a chronology of this testing program. As a re-
sult of these stulies, the District installed granular media f£il-
ters at the above mentioned Hancver Park, Johm E. Egan, and O'Hare
Water Reclamation Plants. The last 25 years has added numercus
p:focessastot!meavailableforselectimbyengjneersmtthe
time proven systems developed fram 1900 to 1930 as the major cam
paents of several treatment schemes still predominate.

The last 25 years has seen a proliferation of state and fed-
eral regulations on mmicipalities and industries. These regula—
tions and the availability of federal construction dollars have
caused a rapid increase in the size and nurber of municipal treat-
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Table 12

Metropolitan Sanitary

Sise

Objective

Resulets

Bicrificarioe

Tus-stage
BMeriflagtion

Iing
Hitrification

————— e
BEY = Nydraulic Setamtiey Tine.
Matencion Ting

XY = Jalide

W00 = Nitrogemoee Oryges Dumand,

FMlet plame
(2.0 gpiéfied)

Flar plane
(130 gpd)

Pull-peale
(21 ugd)

Pall-scale
(30 mgd}

Plloc plest
{100 gpd) &

full-acale
(3¢ ngd)

Flot plent
(0.6 wgd)

Puli-scale
(300 wgd)

$tudy BAD sz means of ra-
moving high WHy-¥ concen~
tracions from slodge
lagoon suparnataut

Study aitrificstion in
bhigh isdustrial wasta
Mngs by Cwr-stags
procass

Test of design critaria
tor single-stage nitri-
fleation ot West-South-
west BT

Tast destgn critevis for
wingle-stage nitriffce-
tion at Bocth $ide STV

Stwly witrtficaticn in
high faduacrial waste

svwuge by single-stage
Process

Devalep denign pursmetare
for sw-stags nitrifica-
tion at Jokm T. Kgan WBP

Yoot doatgn criceris for
rlant supmmaion at Wast-
Sowthumat FIV

Wy-N removal 991,
pH control required,
saed sdded Nazc04

¥E4-N remcval 81,
M- oxid. 145-420
wg/L.d, Avg.

8T = 15.3 days

HRT = 8.9 hra

ST = 9.2 days
W~-N remrval 95X,
high WOD in afflment

SRT > 7 days for <
90X RE4~-N remaval
at 10*C; DO <2 mg/L
iohib. miceif.

KRT = 10 hre

SRT ~ 10 days for year
round oltrification,
W N vemoval WX

Optimom Ind stage
nitrification.
BRY = 4.4 hen
ERT = >10 days

32T comtrolling fac-
tor. 10~day SRT for
Year round operation
ERT = 7.9 hrs
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Table 13

Testing of Tertiary Treatment Systems for Effluent
Polishing at the Metropolitan Sanitary District

of Greater Chicago

pe of
Year Facllity Effluent Systems Testad Scale
1965-68 Hanover Sacondary Hardinge continuous back- Full
Park washing sand filter, Glen-
field and Kennedy micro-
strainer
1969-70 Hanover Secondary Delaval upflow filter, Pilot
Park Neptune Microfloc mixed
media filter, Graver
dual media pressure filter
1971-73 North Secondary Crane-Cochrane micro- Full
Side strainer
1973-74 West- Two-gtage  Neptune Microfloc mixed Pilot
Southwest Nitrified media filter
Secondary
1974-75 North Nitrified Roberts dual media gra- Pilot
Side Secopdary vity filter
19715 Calumet Nitrified Robarts dual media gra- Pilot
Secondary vity filter
1977-78 John E. Two-stage Dual media gravity sand Fuall
Bgan Nitrified filters
Secondary
ment plants. CObviously, improvements in water quality have re—
sulted. Improvements in water quality have also resulted fram the
development of biodegradeable detergents and the use of low phos-



and yota hie contactors. '
‘metingqmlitylgtgigl:eefﬂumt thatcanbeexpectedfraflthese
prccesses and fram additional treatment {advanced or tertiary
vaste treatment) is given in Table 14 (Metcalf and Eddy, Inc.,
Itmhmﬁmﬂﬂstable.ﬂnt&misapmsive
of the effluent as additional treatment -
wmnits are added, The land treatment of primary or secondary ef-
good quality effluent, which can be put to
Ty uses. The effluent derived from advanced wagtewater treat-
ment techmologies can be further processed by groundwater re-
charge and muibsequently used.

the intended use, it will be a valuable water resource. In many

parts of the world, including the United States, nonpotable use of
is already being practiced.

Mny,nhuwﬂntdmlogymaccmpumaimctuseof
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Table 14
Treatment levels Achievable with Various Operations
and Processes Used for Advanced Wastesater Treatment

Typical Effluent Quality

Sus- PO
panded Total as Turbid~

Secoudary AMditional Solids BOD con H P ity Color
Treatment Treatment ag/L ng/L .  wmg/L /L g /L ag/L Units
Activated- None 20-30 15-25 M-80  20-60 6-15 5-15 15-80
sludge {Secondary
(suspended Efflusnt)
growth
procesa)

Grapular~ €5-10 <510 30=-20 1535 412 0.35 15-60

maf Lun

Eiltration

Coagulation <1 <5 - 3-60 1530 0.1-1.0" D.1-1.0 10-30

plus settl-

ing and

gracular-

mad {imm

filtration
Land Irrigation?, <} <2 — 3 0.3
Treatweot rapid

infilera~

tion®, 2 2 - 10 3

OverLlyod

flo‘l" 10 10 - 3 12
Trickiiog- Mone 2040  15-35 AO-1DO0 2060 6~1% 5-13% 15-80
filtar (Secondary
Process affluent)
Rotacing gravular- 10-20 10-20 3M-70 1535 6-15 <10 1560

biclogical wmadium
Contractor filtracion
{acrached

grovth

processes )

=Raduction of PO, to this level will typically vequire 200 ppw of alm or 400
ppm of line; AF gremter PO, concentrations can be tolerated, coagulant dosage
1s decreassd.

bepercolation of primsTy or secondary sfflueat through 1.5 w of soil.

C=Percolation of primary or secoodsry effluent through 4.5 m of moil.
hmoif of commiouted municipal wastewater over about &5 m of slope.

processing obviously depends on the quality of the effluent desired
far the intended use. The unit processes that have been developed
to remove the dissolved and suspended matter contained in waste-
water are outlined in Fi 5. A cambination of these unit pro-
cesses can be judigi ¥ ected to cobtain an effluent of a de-
sired quality (Stander, 1977).

Typical effluent qualities that can be achieved in the pro-
cessing of municipal wastewater by using various unit operatioms
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Claseificarion of Wastewater Conatiruents Selection of Unit Processss

Artivated carbon, blelogical oxidacion. chemical oxidatiom,
ion exchange, reverse omoela

0D {TOC)———

Foam fractionation, activated carbon, biologlzal sxidation,
reverae osmosia

Chemical oxidation, sctivatad carbom, biological oxidation

— MBAS

Organic

— COLOR
1
— TOXICANTS ———= Chemical oxidation. sctivatad carbon

Dissclved

Substances N Biological denicrification, iop exchenge, reverss cmmosle,
3 electrodialyels
T | . Stripping, kiologizal oxidarion, chemical oxidarien, ion
k] exchange, reverse osmosls, electrodialysis
1nor ganic —
E - |— P ——=————— Flocculation, sédimentation, hiological uotake
= ter — TDS lon hange, reverse osmosis, elecerodialysis, distilliatiem
§ . C0D {NPC) Floceulatlon/flatarion-aedimantation, filcracion
— ¢
] Organic anaerobic and aeroblc biologleal creatment
w VIRUSES
g P ATHOGENS | Flocculation/flocatlon-sed lmentation, [ilrration
Wl } Suspended PARASITES Chemjcal onidacion, blological oxidatiom. diminfection
g ubstances Toorganic SALTS OF Chemical oxidation, Flocculstion, sedimancation.
METALS filrracion
COD=Chemical Oxygen Demaod HBAS=Methylene Blue Active Substances
TOC=Total Organic Carben NEC =Ritrogen, Phosphoruk, and Carbon
NOj=Hitertes TDS =Total Dissolved Solida
Py =Fhoapbate HHy ~Ammonie
Figqure 5

Reuse of Water for Municipal Purposes
Classification of Wastewater Contaminants and
Selection of Process Units

were shown previcusly in Table 14. A similar effluent quality may
be achieved by different cambinations of the indicated unit pro-
cesses as well. However, their selection depends on not only the
quality of effluent desired, but also the need for such effluents,
and the economics of the treatment train employed.

Unit processes such as ion exchange, dialysis, reverse osmo-
sis, etc., can be used to further reduce the dissolved inorganic
matter contained in processed effluents.

To illustrate the extent of purification that can be achieved
by processing wastewater using various unit processes for direct
reuse and indirect reuse, some typical case histories will be
presented. These are real life situations where wastewater is
processed for a variety of uses including immediate human consump-
tion, recreational purpcses, and artificial recharge of ground-
water. These are: (1) the water reclamation plant of Windhoek in
South Africa; (2) Water Factory 21, Fountain Valley, California;
(3) the Santee County Water Reclamation Facility; and (4) the
Flushing Meadows, Arizona Groundwater Recharge Project.

Windhoek, South Africa

The original Windhoek Water Reclamation Plant in South Africa
(Figure 6) processed trickling filter effluents through algae
maturation ponds. The algae were separated by flotation and foam
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Maturation
Pondx

Wastawater Grit
el

Chamber
Primary Secondary
Clarification Trickling Clarification
Pilter
_—C
Primary Lime
Secondary Primary e
Settling Recarbonation Ammonia Settling actor
stripping
- Sand
Filter
Breakpoint Boat City
Chlorination Tvatad Chlorination Reservoir
Carbon
Figure 6

Sewage Purification Works, Windhoek, South Africs

fractionation, and the effluent treated by activated carbon, amd
break point chlarination. This process was subsequently modified
to eliminate the algae flotation and foam fractionation units and
now includes lime treatment, ammonia desorption, and recarbona—
was found to be unsatisfactory. Denitrification and phosphate re-
moval are also planned to be integral unit processes of this plant
to improve the quality of the final effluent. The quality of the
effluent, after carbon adsorption {before post chlorinmation) (Voo
Viauren et al., 1980}, is given in Table 15. These data indicate
thatthechemicalandbacteriologicalqualityofthepcmmssed
effluent was highly satisfactory. The heavy metal concentrations
hever exceeded acceptable criteria for potable water, The public
acceptance of the processed effluent for potable use is favorable
because the public is aware of the need for water reuse as a con-
sequence of water shortages.

Fountain valley, Califcmia

Water Factory 21, located in Pountain Valley, California is
nanad‘assu:htodeznteap:omtypeoftheplantstlatmybe
US?dmﬂ)etvaexxty—firstcamumymueetﬂledanarﬂ for water in
arid areas. Besides offsetting scme ar all of the water demand,
ﬂmered:argeoftheefﬂmtofmmantsintothegruxmmr
table is expected to provide a barrier for saltwater intrusion.
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Table 15
Comparison of the Quality of Renovated Wastewater
with Drinking Water Quatity

USEPA
Chicago Watar Districc Drinking
Dricking Factory 21  Windhoek, Secondary Water

Parameter} Mater Californis 8a Effluent MCL.
Total Dissclved

Solide 183 N.D. 646 539 500%
Nitrate Witrogem 0.25 N.D, 9.7 4.1 10
Cunduiwn 0.001 0.0007 B.D. 0.01 0.01
Chromiuve 0,001 0.002 R.D. 0.02 0.06
Coppar 0.001 0.009 K.D, 0.02 1.0%
Total Irom 0.010 0.02 H.0, 0.1 0.3
Laad 0.001 0.0009 N.D. 0.02 0.05
Manganess 0.001 0.002 N.D, 0.02 0.05%
Marcury G. 0001 0, 0005 N.D, 0.0003 0.002
2iac 0.001 N.D. n.D, 0.1 5.0
Silvex 0. 001 0.0005 n.D, 0.00 0.05
Salenium 0.001 0,005 N.D. 0.00 0.01
p 8.3 n.D. R KT 7.5 6.5-8. 5%
Turbidicy 0.3 0.11 N.D. n.D, 1-5
Coler 0 n.p. n.D. N.b, 135
Total Coliforma 0.0 0.01 0.0 9960 1.0

411 unite are siven in wg/L excapt for pH, color and total coliforms
{comnts/100 L,

*Sacondary standards.
N.D. = Mot Determinmed.
MCL = Maximom Contaminant Level.
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C
NFLLENT —7/ CLARIIER

o
MIKING FLOCCLA
LATHON

7 mgd CARBON
L=l
INECHON M mgd

Figure 7
Process Schematic for 15 mgd Water Factory 21 Operated by
the Orange County {Califcrnia) Water District

ogy is currently available to produce an effluent camparable to
the quality of finished drinking water.

Santee Water Reclamation Facility, Califcrmia

AschenaticdiagramoftheSanteecamtyWatermlanaticn
Facility, califarnia, is given in Figure 8. The effluent fram
theactivatedshrlgeplantisdiscrargedmtoaSOrngdoxidaticn
paﬂfranwhichaportimoftheefﬂuentispmpedcne—halfmile
to three acres of infiltration beds. The infiltrated water is
then fed to the four lakes located downstream. The infiltrated
uaterisclﬂarinatedinaomtactdmd:erpriortoitsmtxyinto
the uppemmost part of the lakes (Lake 5). A swirming area is set
aside for recreational purposes. Typical effluent quality of the
Santee Oounty Water Reclamation Facility (Table 16) indicates
that there was no untoward reaction of the public to use the water
inthelakesforrecraatiasalwrposea(sudmdma:ﬂfishing}.
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Table 16
Santee Water Reclamation Plant Effluent Quality

Santee Water Reclamstion FPlant

Oxidation Pond Infiltrated Lake
Paramatsr Effluent Effluent System
Turbidity JTU 30 5 0-20
pH 7.7 1.7 8.8
15 1,168 1,150 1,150~1,600
§8 8.6 i-10 -
Alkalinity (CaCOy) 230 240 50-110
Totel Hardoess (CaCOy) 380 400 20
ABS - - _
Threshold Odor Mhumber - - -
"9 1 i 1
ML 5 s -
Cop - il -
Total POy 8 kN 0.1-4.2
cl 230 250 270480
504 &50 Mo 380575
Coliforms (MPN/100 mL) — <2 <2.2
Viaible Solids —_ - —_
Floatable 011 and Greasa —_ — _—
Emulsified 0il -— — —

All units are in sg/L excapt pH and others which ars indicated.

of the conventional pollution parameters such as biochemical ococy-
gmdenand,mﬂedsolids,a:ﬂmlifmbysemﬂmya:ﬂter-
tiary waste treatment technology. Although efforts have been made
to remove taste and odor causing organics, such as phencl, from .
drinking water, very little attention has been given in the past to
maderstandthenamremdrmalofthehmicorgmiwpresmtin
wastewater effluents. Recently, the concern for toxic effects of
such campounds, which are present in drinking and wastewater, has
increased dramatically and has become an important issue. Although
conventional water treatment technologies are able to remove most
ofﬂetastemﬂodorcausﬁgmﬂseffactivelyﬁmdrﬁﬂchug
water sources, they are not effective in removing pesticides. Table
18 shows the removal by variocus pesticides that can be

using various water treatment processes (Molunkin, 1982}. Treat-
ment of waters by activated carbon provides excellent removals of
thebmticorganicsaaiMicatedbythedataprwidedinTahlela.
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Table 17
quatity of Secondary Effluent and Renovated Effluent
at the Flushing Meadows, Arizona Infiltration Site

Parammter* Secondary Effluent Renovated Effluent
pil {units} 7.6-8.1 7

e 1,075 1,095

s 10-70 0

BOD 10-20 0-1

cop 30-60 10-20
0C 10-30 0-10
n‘-u 0.7 2-8
ms.' 3 6.25
'02- <0.1 Trace
ON3=N 3.7 0.58
70,~P 79 5.51

r 2,08 0.9-1.66
[ ] 0.59 0.59

tn, »e/L 193 35-108
e °* 123 16-17

ca ° 7.7 7.2-7.3
2 ] - 2?2 (1]

Bg ° 2.1 1.2-1.4
Pecal coliforw, 10* 0
eounts /100 ml {at 300' depth)
viroses, PFU/100L 2,118 0

sA1l units given are 3q/L except vhere indicated.

and

mdxarqedgrum@uateratthezmmﬂsiteinmm, Ari-
zona {Bouwer and Price, 1984), are also given in Table 19. Argo

umsxmm_mtmmmnmmmmmt
allﬁnlﬁﬂ?adrhﬂuxqwtaratnﬂardtardhagtheabilitytore-
dunstlnpnmxypc_»llutmtsbelmtlnmﬂabed limits particularly
\h&}mmmuasmed. Thus, the technology at this fa-

cultymm&ﬂitympcmapmnﬂntmmﬂntissuitabla
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Tahle 18
Percent Qrganics Removed by Water Treatment Processes*

Kadrin Limdnss iy 20D
Badwcrion  Eaduck lom Beductios Sodius Towprapyl Batyl Iseactyl
Process Parcwmy Matcent Percemt Sl -tar -atar

Coaguletiom, Filtraciom 15 <10 <10 10 <1 <10 <10
Cosgwlation, FLltretiow
awd mimorptlon with:
Powdared activaced
carbon, wgfl:

5%
10-1%

2823

35 » % *»
Lo

A=Ay »” »”

70-79 ” "
Crasmlar activated
carbom, J-3-
ninete full bad
comtact Cima <9 <9
Cuidarion:
Chlorinm, mg/L:
H

¥
€
]

”

<1 «1Q
a <10
M «<1a
100 <10 <10 <10 <13 <10

10
o 5%

1 <0 <10 <10 an <10
e <10
“hpfaremra: 1“;:;...“"‘ F.E. Hater and Puman Bealth, U.5. dgency fur Dacersstioas) Gevciopment, Mashimgron, D.C..

for a mmber of uses including direct and indirect reuse by arti-
ficial groundwater recharge. However, the results reported for
the renovated wastewater fram the 23rd Avenue infiltration project
shows that the concentration of the toxic arganics in the secondary
effluent were considerably higher than those present at the Water
Factory 21 facility, and that some of the arganics have, in fact,
increased in concentration with infiltration. Nevertheless, the
produced water met the water quality criteria for unrestricted ir-
rigation and primary cantact recreation (Bowwer and Price, 1984).

The effect of various treatment processes on the removal of
organics was studied in South Africa on a pilot-plant scale. This
pilot plant was modeled after full-scale water reclamation plants
intended to produce effluent for unrestricted use. The percent
removals of selected toxic arganic compourds are given in Table 20
(Van Rensburg, et al., 1981).

Small Volume Direct Reuse Systems

As menticoned prevzmsly,mha.sdevelcpedsnallwlme sys—
tems for direct reuse of wastewater during extended trips into
space. S@systashavebeenfmnﬂbobeqmteacmptablefor
this purpose but the technology used is quite expensive and is not
pragmatic for large scale systems,
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Table 19

Concentration of Organic Canpounds in

wagtewater, and Effluents

WATER FACTORY 21
Fountain Valley, Ci {1985)

23rd AVENUE
RAP1D INFILTRATION PROJECT
Phoenix, AR (1984)

Raverse Chlorinated
Chlorinated Ommouin Secondary Renovated

Parmmster Efflusnt Efflusnt Effluent Water

{ng/L} {ng/L} {ug/L (ug/L)
Carbon Tatrachloride 210 60 0.12 0.07
Trichlorobensens 10 70 0.38 0.11
Monochlorobensans 10 70 NA NA
1,1,1,Trichloroathane 180 50 1.41 0.22
bichlorobenzene 100 50 2.40% 2.16%
Sthylbeusene 20 &0 0.15 0.05
Nepthalane 0 &0 0.53 0.06
Pemtachlorophsncl 50 50 0.04 0.04
Fosnal ww 50 RA RA
Pathalats Isters 1.7 (ugfL) 1.7 {(ug/L) 10+ 1
~ 50 1] WA Ri
Tetrachlovosthylene 710 & 1.49 1.17
Teluene wo 130 MA HA
Trichloroathylens &0 10 0.3% 1.43

WlethyT phchalata.
W » Bet Detsctable.

4. COSTS POR WASTEWATER AND SLUDGE MANAGEMENT
Introduction
Porecasts of the future of wastewater and sludge management
reiology must: include scme mention Gf the funding that will be
in the future, Rithout avallable funding, the future of
mmﬂmaﬂlhﬂgemtmlngy
the past and fubare fadiLOrtion of the paper will deal with

malmw?ﬁmwﬁmmmmmm
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Table 20
Efficacy of a Pilot Plant in Removing Toxic Organic Compounds

Spis Procens
Wigh Lima Sl ctivaced Carbon
Tl taa Clarificarism Filtration Chisrimation Trascaamt
] L4 " € ]
Compownd (uxf1) n n x) n D n {z) [14] (2] (& 4]
Limdane n a 3 o '] [} o ] ] .3 .5
Plaldrin L] 12.5 1.3 [ ] i2 ) M L) n " >, 3
Chiarndmns 00 13 u 2 0 13 X 3l 31 ” .5
Do vkt £ by 1 3000 11 7 ] [} fal b3 w.é 1M
Purathios Ll ] 19 19 o 1% 18 i3 .y 1
Faaicrolhlon «000 b+ 11 ] il n » .9 100
Fenthiow L 2 2 ] 12 1 i 58 ™ 100 100
Fhanol 600 5 b » 13 L] 3 | - " L2 ».7
maxachlorchuted iems 100 72 7 7 >0
Trichloroplwanl L] - m o n L o 25 &7 ” "
M 1 oTolban e 0 - % 5 100
Jr———— 00 3l FH " 7 1n » 4] 100
Fluorasthbens 00 L] 7% w » »n » ry -
Prrdhs 500 [ ] [ L] " ] 0 ” 50 oo
Dibwicylphthelste 00 a7 n? L) 11 o 15 n 33 L. 0
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1972 to 1984

To gain a true perspective of future furding, first the past
funding and its impact on water quality must be assessed. In this
section of the paper, the funding of wastewater treatment and
sludge management technology in the past will be discussed.

Since the passage of the Clean Water Act in 1972 until 1984,
the United States has spent more then 56 billicn dollars in fed-
eral, state, and local Hunding for wastewater and sludge manage—
ment technology. Construction grant funding has resulted in the
construction or improvement of 3,500 treatment facilities, and
these facilities serve a total of 21 million people.

The Association of State and Interstate Water Pollution Con-
trol Administrators (1984) has estimated that fram 1972 to 1982,
out of 758,000 stream miles evaluated, 296,000 miles have main-
tained the same water quality, 47,000 miles improved, and 11,000
miles have been degraded, Pollutantsdlsd‘narged from mmicipal .
plants were reported to have decreased by 46 percent in that pe-~
riod.

Cwrrently, 170 million people send a daily lcad of 23,000
tons of pollutants to 15,000 mnicipal sewage treatment facilities.
By the year 2000, the sewered population will grow to 248 million
peaple, who will send 41,000 tons per day of pollutants to more
than 21,000 mmicipal sewage treatment facilities.

Water quality improvements in the period between 1972 to 1982
reflect the efforts of states and mmnicipalities to achieve sec-
ondary treatment following the enactment of the Clean Water Act.
Secondary treatment has resulted in significant improvements in
water quality, especially at major rivers near large population
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centers. However, the USEPA estimates that there are 202 re—
maining raw sewage discharges and more than 2,800 facilities now
operating at insufficient levels of treatment. Cbvicusly, more
work needs to be done in the future to minimize the adverse im-
pacts of these uncontrolled discharges.

Future Funding Needs

By the year 2000, the USEPA estimates that the sewered popu-
lation will increase by 35 percent to 248 million pecplée and the
~effluent level of pollutants by nine percént. In order to deal
with the increase in sewered population, and upgrade and build
treatment facilities to resolve existing water pollution problems,
more dollars will be regquired.

" In 1978, 1980, and 1982, the USEPA (1985) prepared needs sur-
veys des:l,gned to document the expenditures needed to deal with the
nation's municipal water pollution control problems through the
yvear 2000. Table 21 presents the results of these needs surveys.
As can be seen, the funding amounts are listed according to var-
ious categories. There are differences in the estimates for each
of the categories fram year to year. Most notably, the USEPA, in
recent surveys, has downgraded the projected funding needs for ad-
vanced treatment since they believe it is not as necessary as orig-
inajly thought. In general, however, the total funding needs have
remained virtually the same for each needs survey ranging from
106.2 to 119.9 billion dollars in 1984 dollars. Based upon these
USEPA estimates, the United States will reguire zbout 110 billion
dollars in order to correct the un.micipal water pollution problems
of the United States through the year’ 2000.

Based upon the 1982 USEPA needs survey, results shown in
Table 21, of the total of 132 billicn dollars (1982}, 34 billion
dollars will be needed for secondary treatment, and only 6.3 bil-
lion dollars will be needed for advanced treatment. All of the
rest of the needed mmicipal funding thrdugh the year 2000 will be
required for sewage collection facilities (sewers and other ap—
purtenances} and control of combined sewer overflows. In cther
words, relatively little advanced treatment funding, is beliewved
by the USEPA, necessary for meeting future water pollution control
needs. Obviously, if the need for advanced wastewater treatment is
relatively small through the year 2000, it can be anticipated that
the pressure for better and more efficient advanced wastewater
treatment would also be small. We can, therefore, expect to see
an increased interest in secondary treatment since nearly six times
the funding for advanced treatment will be spent on secondary
treatment. Further, the cost for advanced treatment per unit vel-
ume is usually more expensive than for secondary treatment.

5. TRENDS IN SIUDGE MANAGFMENT TECHNOLOGY
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Table 21
Camparison of Year 2000 Needs Surveys Campiled Ly
United States Environmental Protection Agency
1978 1980 1982
Needs Category Survey Survey Survey

wememcemvee==$ BilliOng==========n-

Secondary Treatment 23.1 35.9 34,0
Advanced Treatment 1.4 7.0 6.3
Infiltration/Inflow 3.8 3.2 2.9
Replacement/Rebabilitation 7.7 7.7 5.3
New Collector Sewers 29.% 23.8 23.2
New Interceptor Sewers 29.1 27.5 20.1
Combined Sewer Overflows 40.5 48.0 40.2
Total 165.5 153.1 132.0

Total {1984 Dollars) 106.2 11%.9 118.4

REFERENCE: United States Environmental Protection, 1984 Needs
Survey - Assessment of Needed Publicly-Owned Waste-
water Treatment faclllities in the United States —
Flnal Draft, USEFA, February 10, 1385.

Introduction

Sludge management is a difficult and expensive problem for
wastewater treatment agencies, As the level of wastewater treat-—
ment increases, sludge quantities invariably increase also. Sludge
management technology is, therefore, just as important as waste—
water treatment tecinology and has received considerable attention
in the past, and will undoubtedly receive additional attention in
the future.

History of Sludge Management

__ As sewage treatment advanced, the Imhoff tank, the trickling
filter, and the activated sludge process became accepted. These
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processes produced sludge solids in copious quantities. In the
early years of treatment facilities, sludge lagooning was often
the method of choice. In some cases, municipal sewage treatment
plants air-dried their sludge and gave it to farmers.

Table 22 lists same of the important dates in the develcp~
ment of mmicipal sludge management processes. It is only since
1900 that modern sludge management processes were put into prac—
tice.

Many of the sludge management technologies practiced cur-
rently were developed in the first three decades of this century
and remain in wide-spread use today. Anaercbic digestion and
centrifugation remain as viable cptions for mmicipal sludge
management today despite the fact that these processes were de-
veloped over 60 years ago.

Many municipalities have moved away from older energy in-
tensive cperations to operations with low energy utilization such
as lard application. Incineration in the United States has anly
found favor for sludges which have very high organic content and

Table 22
Inportant Dates in Municipal Sludge Managament
1904 Inhoff Tank Invented in Germany
1908 First Sludge Centrifuge Used in Gexmany

1911 First Imhoff Tank Built in the United States at Madison,
New Jersey

1912 First Separate Sludge Digestion in Baltimore, MD.
1921 First Vacuum Filters at Milwaukee, Wisconsin

1921 First Comtinuous Flow Sludge Centrifuge Used in the
nited States at Milwaukee, Wisconsin

1928 Use of Ferric Chloride for Vacuam Filtration is Dis-
covered by the District

1928 First Heated Digester Installed at Antigo, Wisconsin

1932 First large Scale Sludge Dewatering and Incineration
Plant at the District's West-Southwest STW

1957 First Dissolved Air Flotation Installation in the
United States at Nassau County, New York

1958 Zimmepman Wet Air Owidation Process for Sludge Dis-
posal Invented
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in situations where land is scarce. The key to incineration, and
for that matter, any sludge management operation, is removal of
water from the sludge. Without a high solids content, sludge
transportation costs soar, and auxiliary fuel costs for incinera-
tion and sludge application to land costs became prohibitive.

The sanitary engineering profession has learned over the
years that cne of the keys to efficient amd econamical sludge
management is volume reduction through the use of sludge dewater-
ing processes. The first mechanical dewatering process to gain
wide-spread use was the vacuum filter. Vacwum filters were in-
stalled in the United States, beginning in the 1920s, and their
popularity eontinued through the 1960s. The District installed
vacurm filters at its Calumet facility in 1935 and its West-South-
wast facility in 1939,

In the 1960s, centrifuges began to be successfully used far
sewage dewatering with the advent of the continuous flow horizon-
tal bowl design. In the 1970s, belt filter presses were success—
fully employed at many treatment facilities.

In 1973, the District began to explore the possibility of
mechanically dewatering its sludge in order to allow it to be
hardled as a solid for land application uses. Desk top studies
indicated that vacuum filters, centrifuges, and belt filter press-—
es had the greatest potential. Based upon this review, extensive
pilot-scale studies of these three types of dewatering devices
were oonducted at District sewage treatment facilities fram 1574
through 1976. The perfarmance of each unit was evaluated with
respect to cake solids, sclids capture, and chemical conditianing
agents. The results of these field tests indicated that horizon-
tal bowl centrifuges would best fit the District's needs and
three treatment facilities now have these centrifuges.

Future of Sludge Manajement

It is difficult to see clear trends in slidge mahagement over
the past 20 years. Certainly, camposting has gained in favor as
a sludge processing method, hut ultimately this process merely
makes the sludge more acceptable for general use, a lang standing
practice by many mmicipalities.

The USEPA {1977) conducted a survey of the municipal sludge
handling practices of members of the Association of Metropolitan
Sewerage Agencies. This survey included 75 individual agencies
handling over 2,700 dry tons of sludge per day or about 25 percent
of the national total. Data from this survey are shown in Table
23,

Sale and give-away programs accounted for the largest amount
of sludge in this survey. Ocean disposal was the option used for
30 percent of the sludge being disposed. Landfilling accounted
for 17 percent whereas 15 percent was applied to land and less
than four percent was lagooned.

Table 24 lists predictions of future trends in mmicipal
sludge management throuwgh the year 2000+. These predictions were
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Table 23
slnﬂgemngmltcptimsmedbyumicipalngencies

Percent
Treatment Facilities Dry Tong of Total

[

& and Giveaway 8 953 4.5
san Disposal 19 833 30.2
ndfill 27 461 16.7
rd Application 14 402 14.6
goons 1 109 4.0
rotal 75 2,758 100

United States Environmental Protection Agency., Sludge
r-

\FERENCE :
Handl and Disposal Practices at Selected Munic
USEPA 430/07777077, 1917,

Hastewatar Treatment Plants,

1. Lagooning as a final sludge disposal method will be used
infrequently by municipal agencies.

2. Ocean dlsposal and sale and give-away programs will be
strongly influenced by Fedaral Regulation.

3. Dawatering processes will continue to be improved.
4. Digestion will continue to be used.
s. Incineration will be influenced by:

A. Fual Costs

E. Maintsnance Costs
C. Sludge Dewatering Technology
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based upan the current trend in mmicipal sludge management and
the requlatory forces at work today.

The USEPA has taken a less than enthusiastic stance in the
past ten years in support of the ocean disposal of sludge and has
issued permits for such disposal for only a few agencies., This
method of sludge disposal is, however, viable and can be practiced
with adequate environmental protection and safeguards.

Tt is also clear that lagooning as a final disposal method
for mmicipal sewage sludge will be virtually nonexistent in the
near future, The USEPA survey in Table 23 shows that this prac-
tice is used now for four percent of the sludges produced. Cer-
tainly, with the increasing competition for land, this practice
can only remain at its present low usage or diminish.

The future of the other various options available to sludge
management agencies will be influenced mostly by future regulatory
action and public attitudes. For example, there are no current
USEPA regulations governing the sale and giveaway of sludge prod-
ucts. When and if these regulations are promilgated, they will
have a profamnd effect upon existing sale and giveaway programs.

Land application of sludge has a good future in the United
States provided mmicipalities can continue to reduce the costs
associated with this operation. It is important that mmicipal-
ities find ways to reduce the water content of sludges to reduce
handling, transportation, and application costs. Also, sites for
sludge application must be found in relatively close proximity to
wastewater treatment sites.

The dewatering of sewage sludges will remain a difficult
problem for most mmicipalities. Centrifuges, vacuum filters,
belt filter presses, dissolved air flotation, and filter presses
are all used today, but capital and operating costs are high
and results are often wunsatisfactory. A cheap, reliable and ef-
fective method for producing a well dewatered sludge would be a
boon to the sanitary engineering profession. Hopefully, the future
will produce such a dewatering system.

5. FUIURE TRENDS IN EFFLUENT QUALITY AND WASTEWATER TREATMENT
TECHNOLOGY .

Introduction

This paper has put considerable effort into a discussion of
the history of wastewater treatment technology. This history in-
evitably leads to conclusions regarding the changes in effluent
quality that have cccurred. Table 25 shows a sumary of the ef-
fluent quality experienced at mumicipal wastewater treatment facil-
jties over the past 100 years, Obviously, there has been an i
prmmreitineffluentqualityasweawmamtmu:rnofthenext
century. However, the last 15yearsdamstratethatthemveto
levels of wastewate) treatnmthighe.rtfmamﬂarymymthe
necessary, practical, or affordable. It would therefote_appear
that many, if not most, mmicipal treatment facilities will not
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Table 23
Minicipal Wastewater Treatment Plant Effluent Quality

Period EFFLUENT QUALITY
i ~Mainly raw sewage quality
{Bafore 1900 AD) *Not many treatment facilities
2 -Primary effluent quality in many cases
{1900-1930) *Some cleapner effluents due to use

of intermittent sand filtration,
trickling filters, broad irriga-
tion and a few activated sludge
plants

3 ~Secondary effluent guality

{1330-1970} “Intensive efforts to build second-
ary treatment facilities
-industrial waste treatment activ-
ity intensification
-Development of AWT technolegy and
water reuse technology
«A few tertiary treatment facilities

4 —-secondary effluent gquality

{1970-1985) - Increased efforts to meet second-
ary effluent quality
-Pretreatment regulations
*RCRA regulations
.Efforts to reduce toxic organics
and metals in effluents
-Closed loop technology existence

5 -Secondary effluent quality mostly
{1985-2000 AD +Higher removal of toxic organics
and beyond) and heavy metals

+Increased compliance with efflu-
ent standards

' Increased water reuse technology
in industries and municipalities
of arid and semi-arid regions
-Closed loop technology applica-
tions rise

.More exacting site-specific cri-
teria for funding and construction
of awr facilities

be using tertiary treatment by the year 2000+.
In general, it appears that future effluent quality will be
dictated by several factors and issues. Among these ave:

1. The enfarcement of pretreatment regulations for discharg-
ing industrial waste into receiving waters cr publicly
owned treatment works (POTVS).



€5

2. The proper management and disposal of hazardous wastes .

3. Increased demand for additional quantities of water and
the increased interest in treated wastewater for subse-—

quent use -

4., Availability of funding to build new treatment facil-
ities, or for the upgrading arxl expansion of existing
facilities.

5. Improved cperation and maintenance of existing waste-
water treatment facilities.

6. Controlling the pollutiom from combined sewer overflows
and nanpoint sources.

Using these factors and assuming no radical changes in the
envirommental control forces already at work, future trends in
wastewater treatment technology have been formulated and these are
contained in Table 26. In the sections that follow each cf the
major topics covered in Table 26 are discussed.

Industrial Pretreatment

The enforcement of pretreatment regulations will undoubtedly
reduce the loads of various pollutants to wastewater treatment
facilities. In turn, this should result in fewer facility upsets
and better effluent quality. Owverall, the quality of effluents,
particularly with respect to the priority pollutants, will be en-
hanced as these pollutants will be monitored and controlled more
closely in the future.

Since the distribution of the various priority pollutants
(both inorganic and organic) between the solid and aquecus phases
is a function of their partition coefficients, a decrease in their
concentration in the influent will result in a proportionate de-
crease in the ligquid and sclid phases of the effluent and sludge.

Strict campliance with the Resource Conservation and Re~
covery Act will ostensibly stop the disposal of hazardous wastes
into POTWs., With campliance of these regulations by industries
which produce such wastes, one can expect an overall improvement
in the quality of POIW effluents,

Vater Reuse

According to one estimate, the extent of water reuse in the
United States amounts to legs than two percent of the total water
consumed,  Barring unforeseen circumstances, it is unlikely that,
overall, reclaimed water will be used to a significantly higher
degree by the year 2000. It is quite possible, however, that
wastewater processing for subsequent reuse will increase in cer—
tain areas of the country, particularly the arid zones. It 1s in
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Table 26
Future Trends inh Wastewater Treatment Technology
Through 2000+

Water Reuse

i. Reuse, overall, will not increase significantly in
the Great Lakes Region

2. It will increase in Western and Southwestern regions

3. It may be econcmical in isolated cases to practice
direct reuse

Industrial Pretreatment

1. Reduction in quantity and contaminant levels of wastes
discharged to receiving waterways and POTWs

a. Pretreatment

bh. RCRaA

c. TOSCA

d. Increased by-product recovery

e. Increase in direct reuse

£. Increased use of Closed Loop technology

Biological Waste Treatment

1. Genetic engineering applications will increase
2. Activated sludge will predcominate

3. Process optimization will continue

4. Rutomation will increase

5. Energy conservation and recovery will increase
§. Use of anaercbic processes will increase

control of Combined Sewer Overflows (CSOs)

1. Increased interest in CSO control
3. SO control vs. advanced waste treatment
3. Improved CSO control technology

Future Technology

1. Genetic Engineering

a. Flocculation of sludges
b. Ammonia removal by biological oxidation
c. In-situ detoxification of soils

2. Automation

a. Control
b. Maintenance
¢. Optimization

3, Treatment Processes

a. RBCs

b. Physical-chemical treatment
¢. Molecular oxygen

d. Lagooning

4. Closed-Loop Treatment for Small-Scale Systems



67

these areas that more and more attention will be given to ad-
vanced wastewater treatment. In most areas, however, where water
is available in adequate quantities, it is unlikely that water re—
use will dramatically increase, It is also unlikely that waste-
water will be renwated to routinely produce effluents of a qual-
ity analogous to that of drinking water to any significant extent
in the future. The surface and groundwater supplies currently
available will prcbably meet future demand and the public will
continue to be adverse to the use of renovated water for direct
potable use due to aesthetic considerations. Industries will con-
tinue to seek ways to conserve water by adopting new production
practices, and employ water reuse and recycling without decreasing
productivity (Prakasam, 1975}.

Water reuse is an age old phenamenon. Since it has not yet
becrme a major practice, it is unlikely that it will be a major
naticnal pursuit by the year 2000. Hence, although advanced
wastewater treatment technology is currently available for the
purpose of producing high quality effluents, it is unlikely that
such a technology will be implemented for producing a high qual-
ity effluent for subsequent reuse, except in specific cases where
it is justified.

Biological Wastewater Treatment

1f we are guided by history, we know that we have not yvet
really accepted wastewater treatment technologies beyond biologi-
cal waste treatment. The 70~year old activated sludge process is
still wnrivaled, and is the technology of choice for many large
sewage treatment facilities. Thus, it is unlikely that in the next
15 years there will be a dramatic shift in wastewater treatment
technology, particularly when no significant hreakthroughs have oc-
ourred in the past 20 years. Noplmsaremﬂtedrawmgboardto-
day to build sewage treatment facilities in significant numbers us-
ing technologies other than the proven biclogical waste treatment
systams which have been available for the past 75 years.

Funding and Effluent Quality

Asthefmﬂ:nglevelforthemtructlmgrantsgmgranhe-
oomes limited, the construction of new and expanded facilities
muprweedataslmpaoeﬂmmﬂmelastdecade However ,
mlmmtmﬂecperatmaﬂmntammofthe
facilities already built through increased training of operating
personnel, should bring about an improvement in effluent quality
andacmsiderablyhlgherdegreeofcmphancemthﬂmeefﬂumt
limits set by the state and federal envirumental protection
agencies. Also,mecanexpectumeasedmveamtmmstrm
tation in the future at various treatment facilities to facilitate
better control and monitoring of unit processes, thms enabling
better effluent quality.
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Gmtrol of Cambined Sewer Overflows

The oontrol of oarbined sewer overflows (cso} and their
treammtslnﬂdbrirgabmxtanimmtinﬂlequalityofef—
Fluents discharged fram municipal wastewater treatment facilities
under wet weather conditions. The handling of CSOs during wet
vmtmtistypifiedbythenistrict‘snnmla:ﬁmgemir Plan
(TARP) . Asmprcgress,izmeasedattentimwillbegivmtoﬂn
contrel of CSOs. Hence, the quality of effluents discharged from
wﬂmmtfmilitieambee:@ectedtobemmifom

jive of the seasons of the year. Also, the amount of CS0s
Mdiadn:qedi:ectlytomtexwayswilldj:mish.

apmmmxmdofﬂntrperfmmalargescale.

~chemical will continvue to £ application
in polishing secondary effluents. However, the optimistic pre—
dictimnadabymhmstigatomintlnl%ﬁsttnttleywﬂlm—
phmhiologioalmtstmamt,hasmtbemrealizedazﬂitis
uﬂﬂcelythutbytlnymm.existingbiological\astetreat-
ment facilities will be replaced by physical-chemical treatment.
Physical-chamical tveatment does not produce effluents signifi-
cumlyhstmﬂmﬂnactiwmﬂshﬂgepmoessarﬂismeur
pensive and camplicated to operate. Despite claims by their pro-
mguﬂstsaﬂmdirmrd\.ptqsical—dmicaltremthasmt
haenadoptedinaigniﬂmtmnberShymnﬁcipalage:mies. There
ismraamtohelimthatﬂammtlﬁniteduseofphysiml—
chamical treatment processes by mmicipal agencies will improve
by the year 2000,

The era of will definitely have an impact on
tlnmytmatumtfacilitiesuinbecperatedarﬂmaintﬁ:mdin
the future. Skilled operators trained in computer operation of
wastewater treatment facilities, will have a positive impact on
the cuality of the effluents that will be discharged.

The new fields of bictechnology and genetic engineering will

in the fields of pharmaceutical, mmm,mm

ences will wdoubtedly be applied to the field of wastewater
treatment technology.
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6. CONCLUSIONS

This paper has attempted to predict what the effluent quality
ard wastewater treatment and sludge management technology will be
in the year 2000+. Basically, the history of wastewater and
sludge management technology over the past 150 years was drawn
upn extensively as a guide to helping us in making these predic—
tions. Based upon this history and other factors, the following
predictions and conclusions were drawn.

General

Future technology development is likely to be driven primar-
ily by regulatory forces.

While issues of public health concern will certainly influ-
ence this develomment, it is unlikely that catastrophic public
health episodes will ocour because of a lack of wastewater treat-
ment teclmology. Hence, public health catastrophies are not likely
to be the primary driving forces behind significant advances in
wastewater treatment technology. in the future.

Water Reuse

The technology exists today for direct reuse of treated waste—
vater, but public attitudes regarding aesthetics will continue to
sevarely limit this practice in the future.

Although reuse of treated wastewater represents only two per-
cent of water use in the United States today, it is unlikely that
this percentage will rapidly increase in the future except in the
more arid westemn regions of the country.

Biological Treatment

The wide spectrum of existing biological wastewater treatment
systems will continue to play a significant role in future munici-
pal wastewater treatment programs.

The 70-year old activated-sludge process is still unrivaled,
and is the technology of choice now and into the future for most
municipal sewage treatment facilities.

Optimization using genetic engineering and biotectmology to
reduce cost and improve biclogical process efficiency should be
expected.

Physical-Chemical Treatment

Interest in physical-chemical treatment technology for mmic-

Slwige Management
Ocean disposal of sludge will remain a viable option, and will
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continue under more effective management scbemes, including im-
- proved stabilization and more intensive and extensive operational
and long~term nonitoring.

Iagooning as an ultimate sludge dispeosal gystem represents a
verymllpercmtageofecistﬁgshﬂgemmttoperatimam
will probably continue on a downward trend through the year 2000
and beyond.

The dewatering of sludge still remaing a difficult problem
for all sludge menagement systems, A cheap, reliable and effective
method for providing a well dewatered sludge could be developed by
the year 2000, Genetic engineering is likely to be used for im-
proving process efficiency.

The role of privatization in sludge management and ultimate
disposal will increase significantly.

Operation and Maintenanoce

There will be an aphasis on improved maintenance practices
ard instrumentation, more effective monitoring and process control,
and more efficient operation of wastesater treatment facilities in
future,
More energy-efficient prime movers and power genexating sys-—
will be developed and utilized.

¥

8§

Omtrol of €508 will increase in the future as the demand for
better vater quality focuses an this envirommental problem.
Improved CSO control technology will emerge.

Effluent and Watervay Quality

The effluent quality of the future will continue to improve,
but will not routinely equal drinking water quality except in
special cases; e.q., NASA space activities, or where local demand
for reuse force the issue.

will ocaur in the incrganic, organic, and volatile
carpenents of effluents.

Envirommental recovery/repair will continue both with respect
to water colum chemistry and aquatic biota, but at a slower rate
for the latter,

Even in the absence of new teclnology between 1985 and 2000+,
receiving water quality will continue to improve by the efficient
operation and maintenanoe of existing facilities.

Advanced treatment; i.e., beyond improved secondary treatment,
willmthaomempractiaehem:seofmatsa:ﬂtheabllity
:fffi'eoegnqmtarsmimeinqualitywithsmﬂaxytreated

w‘ &

Costa

.

To meet the wastewater treatment and sludge management needs
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of the year 2000, the USEPA estimates that about 110 billien dol-
lars must be expended in the next 15 years, Since nearly 56 bil-
lion dollars have been expended by the USEPA since 1972, it ap-
pearsmulkelyﬂntueestmtedmtalneedsofﬂm
United States will be campletely fulfilled by the year 2000.
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The Effluent of
the Future:
Trends in Quality
and Quantity

Thomas E. Walton II1
Philadelphia Water Department

INTRODUCTION

This paper should probhably be the last 1n the
program, rather than the first, for the speakerz who
follow me will discuss technical and Institutional fac-
tors which will have a great deal to de with deter-
mining the characteristics of the effluent of the
future., As a atarting polnt for the serles, however, I
am goling to take the somewhat conservative view that
effluents in the year 2000 -- both treated wastewater
and sludge -- can be fairly well described by extending
ptesently obvious trends. Among the influences which
will impede any dramatic departures in either direction
from these trends are today's regulatory climate, the
magnitude of the Iinvestment already wmade ia improved
wastewater treatment, diminishing returns and
spiralling operating coats from further treatment
improvements, and public¢ resistance to anything which
night be perceived as backsliding from achievemeats in
environmeatal quality. The City of Philadelphia's
experieace over the preceediog 13 vyears 1in complying
with the Clean Water Act can thus serve as the basis
for my vision of what we can expect during the next 15.
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WASTEWATER TREATMENT IN PHILADELPHIA

Philadelphia Water Department provides wastewater
collection and treatment services to approximately 2.3
aillion people. 1In 1975, 1 136 x 103 m3/4 (300 mgdg
raceived primary treatment at two plants, and 719 x 10
m3/d (150 mgd) received treatment intermediate between
primary and secondary at a thirds By 1980, one of the
primary plante had been wupgraded to provide high-
quality (90 percent removal) secondary treatment to 795
x 103 md/d (210 mgd). At the end of 1985, most of a
$900 million expansion and upgrading program will have
bean completed, affording full secondary treatment
capacity for 2 044 x 103 a3/d (540 mgd). Discharge
pernmits vtequire effluent characteristics typical of
secondary treatment (30 mg/l BODs and suspended solids,
and 200/100 ml fecal coliform), but each plant is also
asstgned a carbonacecus BOD wasteload allocation which
represents a practical limitation on BODj5 of approxima~-
tely 20 mg/l.

With the improvement in wastewater Ctreatment comes
of course a substantlial iIincrease 1n sludge production.
Daily production on a dry weight basis has tisen from
60 x 10° kg/d to a current level of 160 x 103 kg/d. By
1987, production will exceed 270 x 103 kg/d. Figure 1
gshows total annual sludge production for the 10 years

during which the plant upgradiog will have been 1in
PrOgTEEs.
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In gross terms, I would not expect to see major
changes in wastewater flow, effluent ¢haracteristics or
sludge production in Philadelphia between 1987 and the
year 2000. Population has been declining iun most parts
of the Water Department's 595 km2 service area.
Domestic and industrial water consumption has declined
in response to recurring drought conditions and sharp
increases in treatment costs, and an aggressive leak
detection program 1In the water system has reduced
infiltration to the collector system. Wastewater
volume has consequently decreased. Effluent quality
has {mproved, but the cost of the 1improvement (see
Figure 2) raises real questions about the ability of
customers to pay and the ability of the utiliey to
allocate resources to other presaing needs such as
water distribution system maintenance. Receiving water
quality could be further improved by advanced treat—
ment, but at a cost which would probably outweigh any
benefits. If further major capital expenditures are to
be made on managing Philadelphia's water resources,
benefit-cost ratios would be much more favorable in the
area of water supply. These all represent practical
barriers to any program for higher levels of wastewater
treatment. At the same time, I find 1t difficulr to
imagine any program which would diminish effluent
quality, unless it be seasonal rather than Year-round
dipinfection, which would not adversely affect uses of
the Delaware estuary.

AGURE 2
COST OF WASTEWATER TREATMENT AND DISPOSAL
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FIGURE 3
UNIT COST OF SLUDGE MANAGEMENT

Sludge production should also remain stable,
slthough the methode of disposal or utilization will
probably continua to evolve. The City moved from ocean
dispersal in 1976 to a completely land-based program by
1981. That program’s principal components today are
strip-mine reclamation, umse on agricultural lacd for
animal feed producticns, vecreational land application,
and wmarketfiag to landsceapers and commercial plant
growars. By 1988, Philadelphia expects to be marketing
more than one-half of its composted sludge products.
Markating is the most prowising means to slgnificancly
reduce the high cost of sludge management, shown 1in
Figure 3 excluding the cost of dewatering.
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WASTEWATER TREATMENT FROM A NATIONAL PERSPECTIVE

In 1982, approximately 78 percent of the dischargae
from publicly-owned treatment works received secondary
treatment. Only 2.9 percent was undergoing some forn
of advanced waste treatment (U.§. EPA, 1983). The most
recent national survey of wastewater treatment needs
contains an estimate that $23.0 billion iz needed to
bring the remaining publicly-owned treatment plants
into compliance with requirements of the Clean Water
Act., In contrast, advanced waste Creatment needs total
only S$4.1 billien (U.S. EPA, 1in press). Cne can
conclude from this, first, that advanced wagste Creat-
ment systema, while signif{cant in managiag the qualicy
of certain satreams, will continue to account for a
relatively 1insignificant fraction of total effluent.
Second, the country's utilities w{ll be hard pressed to
accumulate the financial resources necessary to provide
basic secondary treatment, regardless of the 1988 gta-
tutory deadline, by the year 2000. In fact, EPA pre-
dictes that, Iin that year, 84 percent of effluent will
be from secondary plants and only 3 percent from ter-
tiary systems (U.S. EPA, 1983).,

Will waivers of eecondary treatment requirements
relieve some of the finaaccial burdens and result tn
retention of a significant amount of primary treatmenc?
To date, only 10 of the 208 301(h) waiver applications
received have been approved, while 45 have been
rejected and 31 withdrawn, There are 122 sgriit to be
procesgsed. It is clear that the present regulatory and
legislative climate is not favorable for walvers, par-
ticularly where the recelving water f{s estuarfne rarher
than marine. This may change; however, the burden of
proof that there will be no adverse impact rests with
the utility, and the task of proving it 1is onerous.
EPA projecte that only 3.4 pertcent of effluent will be
receiving less than gecondary treatment in 2000 {U.S.
EPA, 1983).

Nationwide predictions of effluent quantity are
primarily dependent on predictions. of population

growth. The so~called sunbelt cities will be
generating more effluent, whereas cities which are not
growing wwill noct. There are, though, some factors

which will eventually madify this relationship. They
are evident in older cities now and will be, I believe,
even in high-growth regions by 2000, First among them
ts the cost of water. We have seen 1in Philadelphia
reductions in fndustrial water use, and even in resi-
dential consumption, as wastewater trearment charges
have begun to reflect the full cost of compliance with
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the Clean Water Act. Second is the availability of
water. The increasing cost of aupplying water, espe-
clally in naturslly water—-ehort ateas, will result in
changed water use patternsa. Treatment to remove L(Tace
orgaaice compounda, which is qutite expensive, will rein-
force this trend, and we believe guch treatment will be
required at some point as a result of regulations under
the Safe Drinkiag Wacer Act. Finally, as the backlog
of iufrastructure rahabilitacion work is attacked, 1in
older utilities, part of the result will be Teduced
leskage into the sewer systems. The combined effects
of these factors will be reduced per—-capita water con-=
sumption and greater reuse and recycle of effluents
fromw wastevatar treatment plants themselves and from
thelr tributary {ndustrial customers. EPA estimates
that total effluent was approximately 99 0 x 105 mi/a
(26 402 mgd) in 1982 and will reach 155 5 x 106 md/a
(41 193 mgd) by 2000 (u.S. EPA, 1983).

The trend in sludge production 1s clearer; it will
increasa as treatmeat is upgraded and a8 population
{ncreases. EPA estimates that 6 2 x 10? kg of sludge
sre produced anauvally today and that the amount will
double by 2000 (U.S. RPA, 1984). The qualicty of the
astarisl in gross terms will nof be much changed from
today. Hovever, there will be changes in terms of
potentially toxic constituents, asB Philadelphia’n
eaxperience shows.
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CHEMICAL CHARACTERISTICS OF SLUDGE AND EFFLUENT

In Philadelphia, the transictfon from ocean disposatl
to land application of sludge provided the impetus for
implemencing an 1industrial pretreatment program in
1977, on a more rapld schedule than EPA has followed in
issuing categorical pretreatment standards. Flgure 4
shows, In the aggregate, the decline 1in concentrationsa
of heavy wmetals in sludge Iin recent years as a resulr
of the pretreatment legislation enacted by the City.
Figures 3 and 6 show the changes for six metals in more
detail aad projecr the further reductions in concentra—
tions of some which can bhe expected.

FAGURE 5

PHILADELPHIA WATER DEPARTMENT NORTHEAST PLANT
METAL CONCENTRATION B¢ SLUDGE Dry Wi Samie)
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FIGURE 6

PHILADELPHIA WATER DEPARTMENT SOUTHWEST PLANT
METAL CONCENTRATION iN SLUDGE (Dry 'Wt. Desisl
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Compliance with Fadaral catagorical pretreatment
indards unow being issued will produce some further
luction, but in general, I would expect the metal
centrations to remain at about current levels for
t next 15 yvears. Sludges exhibiting these charac-
ristice are quite sufitable for a variety of uses on
d, whieh is the objective we have had to meet.
tre are some interesting poseibilitieg, however,
lch are beyond the control of vastewater utilities,
: which msy resule in further improvements. Firact,
tause zinc is the metal which limits the application
e for Philadalphis sludges, we are exploring the use
water distribution mystem corroston inhibitors other
tn zinc compounds. {(Clearly, there {8 here an advan-
fe to being a combined water and waetewater utility;
tarate utilities would have more difficulty dimple-
iting such a change.) Second, trends toward
‘:reased use of plamscie piping may lead to reduction
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FIGURE 7
LEAD CONCENTRATION IN DIGESTED SLUDGE

in the copper content of sludge, which 1is affected by
leaching from plumbing, Third, as PFigure 7 gshows,
there has been a gradual decrease 1in Philadelphia
sludge lead concentration since 1976. This is
apparently related to more common use of unleaded motor
vehicle fuels in an area served by combined sewers.
EPA's recent decision to eliminate leaded fuels should
cause this trend to continue.

Philadelphia sludge has been subjected to EPA toxi-
city aralysis since 1981 and has not exceeded or even
approached maximum permisgible concentrations for
metals and pesticides., In addition, 1t is periodically

screened for priority pollutanta. Fourteen organic
compounds have been identified in our composted sludge,
but - only three -- tolueae, dichloroechane, and phenol

-~ are couslstently present 1in significant amounts.
Their major sources are known, and efforts of those
gources in response to Cicty actions over the last four
years have resulted in 90 percent reductions of toluene
and dichloroethane. Phenols, because they are
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dischargad frem a larger number of smaller sources,
have bdeen mnmore difficult to manage. Pretreatment
prograas natlonwide should be able to achieve results
sinilar to these,

An far asa effluent quality is concerned,
Philadelphia’s discharge permits currently 1include
limitations for eight metals which are virtually never
axceeded. We are currently in the midst of our permit
renevsl proceass, however, and believe that new permits
patiouwide will be written based on the existence of
categorical pretreatment etandards for 23 industries.
We aleo would not be surprised to see all 126 prioriry
poliutants incorporated in the permits in some fashion,
pethaps with requirments to monitor for these known to
bs presaent. At a winimum, this will produce a great
deal of data regarding effluent quality which can be
usad in future permit renevals. The burden of
compliance with limitstions for such materials will
undoubtedly be passed on to industry by the wastewater
utilicies. 1t appeats that wastewater utilitles are
not golng to be able to rely heavily on removal credite
to ease the burden on industrial customers, especlally
for volatile compounds, In view of recent evidence
suggesting chat municipal treatment plants can be
eignificant sources of volatiles 1in the atmosphere.
Removal of organfice will be chiefly an industrial
oroblem, as will disposal of any reaultiug solid or
iiquid residvalse.

Qur wonitoring of organics in plant effluents to
date indicates the prasence of:

Chloroform Benzine
1,1,2, Trichloroethylene Creaols
Tetrachlorosthylane Toluene

I, 2, Dichloroathane Phenol
Plchlorobenzene Acrylonftrile

This will be highly variable from one service arga to

another, depending on the uix of indvetrial and commer-
tial customers.

CONCLUSION

To summarfze, in 2000 there will be approximately
155 9 x 105 m3/d of POTW effluent to be dealt with.
Traatment of thst wastawster will produce 12 x 10% kg
of sevage sludge annually. The effluent will be, for
the nost part, from secondary treatment plants. The
sludge will be generally suitable for land application
unless pretreatment regulacions are radically altered.
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Innovative
Management of
Residuals —
Research Needs

Edward H. Bryan
National Science Foundation

ABSTRACT

The past twenty years since passage of the "(lean Water Act” have
witnessed a vast increase in the amounts of residual sludges that must
be managed. Passage of the "Clean Air" and "Ocean Dumping" Acts
effectively fureclosed the indiscriminate use of two of the three
earthly media for final placement of sludges leaving land as the only
viable alternative. While the practice of land application of wastes
dates back to antigquity, the sheer volume and nature of the wastewaters
and sludges resulting from full implementation of water and air
pollution control legislation is without historic precedent. Research
by the Y.S. Environmental Protection Agency (EPA} in cooperation with
the Department of Agriculture has resulted in new methods for
composting of sludges prior to placement on land. Research on methods
to disinfect sludges for protection of public health, which was thought
would be placed in added jeopardy by the massive increases in the
amounts of sludges that were destined for land placement, was supported
by EPA in cooperation with the Department of Energy involved the use of
gemma radiation derived from sources made artificially radicactive such
as Cobalt-60, and Cesium 137. As part of its Program of Research
Applied to National Needs, the National Science Foundation (NSF)
provided support for research on the potential applicability of
energized electrons as the source of ionizing radiation for
disinfection of wastewaters and siudges. This paper presents a concept
that emerged from research supported by NSF as a step toward a more
fundamental approach to the management of sludges than is now practiced
or possible by simple refinement of known processes. Research needs
relating to this concept are suggested.

bpinions expressed in this paper do not represent an official
position of the National Science Foundation.
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INTRODUCTION

. Evidence from the earliest records through the 16th Century ipdicates
that the quest for pure water began in prehistoric times (1).

Processes for water purification mentioned in literature and inferred

from other sources preceding the 18th Century include contact with
copper, exposure to sunlight, filtration through charcoal, filtration

. through sand, boifling, and sedimentation. Sedimentation and filtration
were the large-scale processes of choice for treatment of obvigusly

polluted water during the 17th and LAth Centuries.

Mvances in microbiology during the late 1B00's proved the existence of
linkages between public health and sanitation. The germ theory of
disease emerged as a byproduct of Pasteur's classical research on
fermentation. Lister appiied this new knowledge by introducing
antiseptic procedures in surgery and Koch systematized experimental

- procedures for scientifically proving the relationships between
diseases and causal bacteris (2),

T™he relationships between ingestion of contaminated water and incidence
of gastrointestinal dissases were firmly established by the turn of the
century. Occasional outbreaks now of typhoid fever, cholera and
infectious hepatitis serve to remind us of those linkages.

Distnfection of public water supplies by use of chlorine, aithough of
research interest earlier, came tnto yse rapidly following its initial
adoption in 1908 at the Boonton Reservoir of the Jersey City Water
Works [1).

The practice of primary treatment of wastewaters by screening and
sedimentation to remove suspended solids was followed by adoption of
chiorination for disinfection of the effluents to protect the
downstream users of water into which effluents were discharged. When
1t became evident that removal of suspended solids and Cdisinfection
were no longer adequate to protect receiving waters from unacceptable
degredation, processes began to be introduced to convert the colloidal

and soluble organic substances remafning in the primary effluents into
settleable colids.

Originaliy, following primary treatment which was sometimes enhanced by
us¢ of chemical coagulants, wastewaters were spread over beds of
trushed stone called trickiing filters. Biologicaily active films that
were formed on the surfaces of the stones and nurtured by nutrients 1in
the wastewaters simulated the purification process that occurred
naturally in lakes and stresms. However, convergence of problems
caused by population growth and its concentration, and by the continued
advancement of knowledge about relationships between contaminated water
and 111nesses forced a search for an alternative process to trickling
filtration. The almost desperate need for an alternative process is
suggested by the fact that oniy eleven years after demonstration that
the activated sludge process worked, more than twenty full-scale
wastewater treastment plants based on this process were cperating in
cities such as Chicago, Houston, Indfanapolis and Milwaukee in the
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United States; Birmingham, England; Glasgow, Scotland; and Shanghat,
thina (2). In this process, a mixture of wastewater and bigclogically
active solids is aerated to supply oxygen to living organisms in the
solids as they utilize the dissolved organic matter for their growth,
The solids are then separated from the mixture in a final sedimentation
tank and returned to the aeration tank for reuse. Rapid adoption of
the preotess for secondary treatment of wastewater otcurred despite a
problem that was evident as early as 1926 when Fuller noted that:
“...occasionally aerating tanks have failed to function and the volume
of sludge has become unusvally great. This is called Bulking® (3}.

The bulking of sludge continues to be a problem in operation of
activated sludge processes despite almost 60 years of effert to
understand its causes and to remedy its negative effects on treatment
plant operation as well as the pellution of receiving waters when the
sludges overflow the fina) sedimentation tank. The quantities of
excess sludges that were a byproduct of this process were smali te
begin with and easily disposed of by conversion to fertilizers (e.g.
Milorganite), incineration or storage and placement on land. However,
the guantities of excess sludges grew in direct praportion to the
increases in population that are tributary to collect{fon systems using
this process, as well as by the acceleration of the adoption of
secondary treatment for wastewaters to protect public health and the
quality of receiving waters.

WASTEWATER TREATMENT SLUDGES

Sludges are concentrates of the suspended solids that were originally
present in the wastewaters processed or generated during treatment.
They contain the major fraction of all original wastewater constituents
that posed a threat to public health or the creation of nuisance if
discharged untreated. As an inevitable consequence of their origin,
sludges derived from treatment of human wastewater must he presumed to
be ianfected with pathogenic organisms and contaminated with toxic
substances. They contain unstable organic substances which can cause
or contribute to nuisance conditions at or near the tocations where
they undergo stabilization. Sludges must therefore be managed after
their production in such a way as to reduce the threat they pose to
public health and the receiving enviromment.

Recent passage of the Clean Water, Clean Air and Ocean Dumping ACts
have effectively closed the indiscriminate use of water and air for
disposal of sludges or for dilution of the combusticn products of
incineration without additional capital investment and operating costs
for air pollution abatement equipment and the energy resources to
operate it. Sludge processing and management now accounts for more
than half of the total cost of wastewater management, a noticeable

fraction.

After their production, sludges are processed to change their
composition and form. In a typiczl sequence of operations, sludges are
collected; thickened; digested; elutriated; chemically or thermaliy
conditioned; mechanically dewatered by vacuum filtration, filter press
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or centrifugation; transported and then applied to tand, dumped into._
the pcean or incinerated. During these processes, the sludges are
subjected to physical, chemical and biological conditions that affect
the presence, kind and relative proportions of chemical substances and
1iving organisms.

A11 of the unit operations tb which sludges are subjected following
their production contribute to one or more of the following effects:

e Disinfection - reduction of risk to health posed by pathogenic
prganisms.

e Detoxification - destruction, removal or neutralization of toxic
substances.

e Stabilization - reduction of the nuisance associated with sludges
undergoing putrefaction.

Much of the conventional processing of sludges is aimed at reducing
their moisture content for more efficient operation of subseguent
processes, to reduce the cost of transporting them, or to reduce the
volume required for their storage. Most of these processes resutt in a
byproduct liguid which must be returned to the wastewater treatment
plant for processing with the incoming wastewater. Neither the costs
of additional treatment plant capacity needed to accommodate these
return flows nor their disruptive effects on the efficiency of
treatment plant operation are usually cansidered in selecting the
sludge management option.

1t follows from consideration of the nature of sludges that the most
efficient system would be one that minimizes the costs of disinfection,
stzbilization, detoxification and transportation. Since the costs
relating to sludge management are directly proportional to the amounts
produced, an initial step toward reducing those costs would be to
select wastewater treatment processes that minimize production of
sludges consistent with other treatment objectives. Regulation of the
entry of heavy metals and toxic organic substances of amalogous
significance into the collection system may prove to be more efficient
than decontamination of resultant sludges. However, the presence of
unstabilized organic matter of nuisance potential, and pathogenic
bacteria, protozoa, viruses and intestinal parasites is inherently
characteristic of wastewater from human sources.

DISINFECTION AND DETOXIFICATION

Until recently, except for waste and wastewaters from known sources of
large numbers of pathogens such as medical laboratories and hospitais,
the degrees of disinfection accomplished implicitly by conventional
wastewater treatment processes was acceptable. Explicit disinfection
by use of conventional physical, chemical and biclogical agents is of
limited interest because the quanity of substance needed, time of
contact, capital and energy requirements are such as to make their use
technically feasible but too costly, and/or result in production cf
byproducts that are undesirable for discharge to the environment.
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‘Research conducted in the pericd from about 1950 to 1970 indicated that
jonizing radiation derived from sources made artifically radioactive
such as Cobalt-60 and from cathode-tube emissions were potentially
useful for disinfection of wastewater and sludges {4)}{5}(6).
Exploratory work on disinfection of wastewater conducted at MIT with
support from its Sea Grant Program, using an electron accelerator
located in the MIT High Voltage Laboratory, was sufficiently promising
{7) to justify preparation of a joint proposal by MIT and the High
Voltage Engineering Corporation for conduct of large-scale
experimentation at the Metropolitan District Commission's Deer Island
Wastewater Treatment Plant in Boston. This proposal was originally
submitted to EPA, but as a consequence of its decision to support a
cooperative research effort with the Atomic Energy Commission involving
use of jonizing radiation from Cobalt-60 as a step toward eventual use
of Cesium=137, a nuclear fuels reprocessing byproduct, the proposal to
investigate use of electron-beam radiation for disinfection of
wastewater was referred to NSF.

Receipt of this proposal at NSF coincided with reports of results from
a project being conducted at the University of Texas in Austin (8)
which indicated that viruses originally present in wastewaters became
concentrated in sludges during conventional treatment. These studies
also indicated that viruses in the sludges remained viable despite
additional processing prior to placement on sopil, where they were
initially adsorbed, and from which they could be deserbed under
conditions simulating rainfall. The potential threat te public health
resulting from application fo s0il of infected sludges was clear and
the MIT research team was encouraged to concentrate their new efforts
on disinfection of sludges by electron beam radiation,

A one-year exploratory study was initiated by Trump and his coworkers
(9) in 1974 and shortly thereafter they were joined by Metcalf (10) at
tha University of New Hampshire who conducted associated virological
inactivation studies in cooperation with MIT personnel. Results
confirmed the capability of the electron beam to inactivate viruses and
provided the design basis for a large-scale, 100,000 gallon per day
experimental electron beam accelerator facility that was constructed
and operated in a research program at the Deer Island Wastewater
Treatment Plant until 1980 (11)(12)113}({14). Knowledge gained during
this seven-year period was used to redesign the Deer Island unit (15)
which served as the construction prototype for a large scale electron
beam system that was recently placed intc operation &t the Miami-Dade
Water and Sewer Authority's Virginia Key Wastewater Treatment Plant,
Both the unit at Deer Island and the one on Yirginia Key in Miami have
a design capacity for subjecting 170,000 gazllons per day of siudges to
a dose of 400,000 rads, which at Miami is one-fourth of the capacity
needed to disinfect all of the sludge produced angd transported to the
Yirginia Key plant. Operation of the initial stage there was planned
to provide the engineering design basis for possible expansion of the
system to full scale.
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Research conducted at MIT also led to findings that ionizing radiation
from an electron accelerater destroyed polychtorinated biphenyls in
water solution (16}. The significance of these preliminary
ohservations as they may relate to the detoxification of sludges
remains to be determined. However, despite some evidence that
regulstion of discharges from fndustrial sources may not completely
address the contamination of sludges with heavy metats, the combination
of regulation and pretreatment appears to offer the most cost-effective
approach to dealing with the removal of contaminants such a5 heavy
metals and organic chemicals of similar significance.

STABILIZATION AND TRANSPORTY

Siudges are transported from their sources, through processes for their
modification, and finally to locations where they can be stabilized
under conditions that minimize threats to public health and nuisance
conditions. In his 1912 book, Fuller (17} noted that "...disposal of
sewage by dilution is a proper method when by dispersion in water the
impurities are consumed by bacteria and larger farms of plant and
animal 1ife or otherwise disposed of so that no nuisance results.®

Only 16 of the 767 pages in his book deal with sludge processing while
192 pages are devoted to dilution in inland streams, large lakes, tidal
estuaries and oceans, Processes covered are essentially those still #n
use, viz. lagooning, drying beds, pressing, digestion, filling or
dgumping, trenching, mechanical drying, incineration, and destructive
distitiation.

Just 4 years later, sludge management issues being raised by emergence
of the activated sludge process from its "highly exper imental stage*
wers presented in Metcalf and Eddy's book (18) including potential
sgricultural utilization of both sewage and sludge. Fuller's 1926
revision, coauthored by McClintock (3) has two chapters on the
activated sludge process, and two on disposal of activated sludge, one
of which desalt with its use as a fertilizer. During the next 35 years,
there were numerous refinements in physical and chemical precessing of
sludges for reducing their water content, some new concepts in heat
processing and incineration, were developed and some interest continued
fn use of waste activated sludges as fertilizers.

Land application of wastewater and the use of land as a final receptor
for sludges experienced a resurgence of interest in the 1960's,
attributable partially to the expected vast increase in the amounts of
sludge that would be the consequence of adopting the activated sludge
process as the preferred one for full implementation of water pollution
contrel legislation. The .S, Department of Agriculture working
ciosely with the U.S. Environmental Protection Agency developed a
process for composting sludges which involved mixing dewatered sludges
with a bulking agent such as wood chips and drawiag air through the
mixture to maintain aerobic conditions during the period of time needed
for s;ab11ization of the sludge {19). Costs for composting are in
addition to those necessary to prepare the sludges for this process,
and the‘prncess can result in nuisance conditions at and near the
composting Tocation. The potential use of ionizing radiation for
disinfection of composted sludges was investigated in studies supported
by the L.S. Department of Energy as a responsive measure to inactivate
pathogens that would survive during composting (20}.
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An alternative concept for placement of stabilized sludges on land or
vtitizing tand application as the stabilizing process emerged from
research conducted by Smith at Colerado State University {21). 1Inm this
concept, advantage 1s taken of the water content of studges to permit
their transport by pipeline to sites where an implement, connected to
the pipeline with a flexible hose, would inject the sludges into
topsoil where they would undergo stabilization. Disinfection could
occur at either end of the pipeline and the injection system would be
operated to eliminate any possibility of nuisance. Accumulations of
sludge-modified topsoil would be removed as necessary to maintain the
viability of the site and as determined acceptable from quality
assurance evaluation of the material to be removed in the context of
its destination. In additiaon to providing a discrete method for
transport of sludges analogous to the wastewater collection system,
this concept would eliminate costs of dewatering chemicals and
equipment, contamination of sludges by those chemicals, and costs as
well as operational problems from return-flows. If found to be
necessary, the seepage from the Tand application site collected by an
underdrainage system, and surface runoff would be treated to prevent
pollution of surface and groundwaters ({22){23). For coastatl
communities, the analogous alternative would be the transport of
disinfected sludges by pipeline or barge to locations in the acean
where the sludges could be safely dispersed to eliminate any defilement
of beaches or contaminaztion of fisheries.

Both land and ocean sludge stabilization concepts require additional
research to determine their technical and economic feasibilities,
degree to which they meet public health requirements, and to establish
their engineering design parameters as well as confidence in their use.
Land stabilization appears to offer a somewhat more conservative
approach than ocean piacement because it would be subject to management
and control by isolation of the location where stabilization takes
place, monitoring of the site, controlled public access and isclation
of the area to eliminate any possibility of dispersal of contaminants.

SUMMARY

Future concepts of sludge management are more tikely than they were in
the past to be based on the efficiency with which they utilize capital,
material, human and energy resources. Disinfection, decontaminatien,
stabilization and transportation are fundamentzl considerations in
tomparing alternative systems for management of sludges. The use of
ionizing radiation from electron accelerators coupled with direct
injection of sludges into topsoil where they undergo stabilization
appears to offer an attractive alternative to existing systems for
management of sludge. The unit operations comprising this concept have
been sufficiently studied to warrant conduct of a large-scale,
experimental evaluation of its technical and economic feasibitity which
would take into account envirommental issues that cannot be predicted
from the results of research on concept components. The comparable
ocean placement concept likewise suggests need to conduct large-scale,
experimental assessment of its feasibility.
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Systems for
Sewage Sludge
and uent

William S. Gaither
Direxel University

INTRODUCTION

This paper is a condensed version of the report titled Ocean
Disposal Systems for Sewage Sludge and Effluent authored by the
Committee on Ocean Waste Transportation of the Marine Board,
Commission on Engineering and Technical Systems of the National
Research Council {NRC). The report contains 126 pages and was
published by the National Academy Press, Washington, D.C. in
1984. Although | served as chairman of the committee, the mem-
bers, the NRC staff, and two consulting organizations prepared
the report. Members of the committee were Norman H. Brooks,
Judith M. Capuzzo, Gabriel T. Csanady, C. R. Firth, william F.
Garber, Francois M. M. Morel, Nathan Sorenshein, and NRC
staff, Donald W. Perkins. This paper focuses on the transpor-
tation aspects of the study set in the context of the conclusions
and recommendations of the total study. Much of this paper com-
prises direct quotations from the report. To provide the reader
with the most coherent, yet abbreviated, text 1 have not indi-
cated quotations where they do in fact occur. The reader is
encouraged to read the entire report, plus supporting appendices,
to appreciate the scope as well as the limitations of the study.

The study had three objectives:

° To provide a rationale for considering ocean disposal
of sewage sludge and effluent,
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° To define the characteristics of acceptable ocean disposal
sites, and,

° To compare surface and submarine pipeline options for
sludge and effluent transportation.

STRATEGIC CONCLUSIONS

Two strategic conclusions were reached early in the study.
These guided the conception and exploration of physical systems.
° Systems to promote dispersal of sewage sludge and ef-
fluent in the ocean are feasible.
° Systems to contain or isolate sewage sludge in the ocean
or on the bottom of the ocean are not feasible.

CRITERIA FOR ACCEPTABLE MARINE DISPOSAL OF SLUDGE

For sludge discharge into the ocean by surface vessel, it is
necessary to designate a disposal site, or an area within which
sludge vessels may discharge their cargo. Alternatively, for a
sludge outfall pipeline, the alignment, pipe length, and discharge
point must be selected.

For a site to be environmentally acceptable, it should meet
all the conditions enumerated below. The discussion that follows
is based solely on environmental grounds and does not take ac-
count of existing regulatory policies, administrative procedures,

or costs of alternative disposal methods. The allowable discharge
area for vessels may be elongated for hundreds of kilometers along
an isobath, but probably restricted to 10-50 km perpendicular to
the isobath. A policy of maximum dispersal rather than contain-
ment applies for sewage sludge; the same policy and the same
criteria do not necessarily apply for other types of wastes.

1. The site must not be within, nor too close to, sensitive
areas, including: the shoreline; productive fishing grounds,
such as are found at a shelf-break front of the East Coast; and
a unique ecosystem such as a coral reef or 2 marine sanctuary.
The distance of the site from any such sensitive area should be
so large that the probability of immersion in a diluted sludge plume
advected from the source in less than a day is very small. The
general criterion is that, at the time of approach to the sensitive
area, the dilution of the liquid sludge should be 10" or more.

2. The long-term, background concentration of fine sludge
particles caused by the sludge discharge in the water column
should be comparable to the concentration of natural organic par-
ticles. In addition, the depth over which the sludge is distributed
is important; deep-water sites are potentially more favorable than
shallow-water sites.
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3. The incremental benthic accumulation for organic solids
in the nearfield, generally particles with fall velocity w 10-2 cm/s,
should not be much greater than the natural sedimentation rate
at the dumpsite. The exception to this objective is a fixed point
outfall discharge of sludge, where the deposition rate may be
allowed to be much higher in a limited designated area near the
outlet and larger benthic impact is expected. Adequate depth
and current strength are significant factors in determining whether
this criterion is met.

4. The flushing of the site must be vigorous enough to
prevent excessive nutrient enrichment that would cause algal blooms
and to prevent serious depletion of oxygen either above or below
the pycnocline.

5. The increase in long-term mean concentration of all
important trace contaminants in the water column and in sediment
must remain below background levels or below levels considered
safe on the basis of toxicity and bicaccumulation tests. However,
for most normal sludges from sewerage systems having reasonable
source control, compliance with the sedimentation requirement
{item 2) wilt most likely mean that trace contaminant levels are
also acceptable.

6. For disposal from vessels, near-surface discharge into
the wake of the ship is preferred to maximize dilution. The rate
of discharge must be limited to that which ensures adequate
dilution. (The large distances from shore eliminate aesthetic
problems.) Discharge below the pycnocline by means of stingers
extended down from the ship is not desirable because of the lower
initial dilution achieved.

7. For an outfall site to be acceptable’ there must be adequate
circulation and dispersal of the water mass at the plume depth to

meet the above criterla. The plume is likely to be submerged due
to stratification. Particular attention should be given to the dis-
solved oxygen requirement.

8. The size of the disposal site for vessel discharge can be
large--the larger it is, the greater the dispersal will be, All
parts of site must, however, meet the criteria above, even if it
is assumed that most sludge release is concentrated in one portion
of the area, such as the area nearest to a source city. Disposal
areas can most logically be established as an elongated region with
the long axis parallel to the bottom contours and the short axis
perpendicular because the characteristics of the ocean change
slowly along the contours on an open coast. _

9. Areas of vigorous resuspension of bottom sediments (as
indicated by coarser bottom sediments) are preferred; areas of
quiescense are to be avoided. This is a relative criterion and
indicates a preference {not a fixed criterion) if there is a choice
within a region, and the other criteria are satisfied.

10. Floatable solids should be removed from the sludge at
the treatment plant to an extent that will avoid the occurrence
of a slick or floating solids in the ocean. Particles with high
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sattling velocity (greater than 1 cm/s) should also be removed to
.svoid heavy bulldup around outfalls or in disposal sites of small
ares. Screened digested sludge usually meets these restrictions,
but undigested primary siudge would be unsatisfactory.

The above criteria are suggested as guidelines to indicate a
- mathodologlcal approach. In any given application the criteria
“may ba made more or less stringent if desired. In case of multiple
‘souress, the sum of the effects must meet the suggested guide-
lines and criteria.

'SITE MONITORING

The importance of a carefully planned and diligently executed
monitoring program cannot be overemphasized. [n addition to

the operational Information that it will provide, it constitutes the

cornerstone of public confidence in system safety. Not only should

the monitoring system provide information concerning the day-to-
day and long-term effects of disposal operations, but it will also
provide baseline information that will permit the separation of

the effects of large-scale natural phenomena from the effects of

disposal operations,

Four menitoring objectives are primary:
° .To determine whether or not the disposal system is
operating as planned and meets requirements;

- To obtain Information that con be used to feed back to
the system sothat treatment processes and transport
operations can be changed (tightened or relaxed) as
operating experience Is obtained;

To abtain information with which the public can be
Informed that the system is or is not operating as
planned; and

To obtaln valid scientific information on processes that

are Important to understanding the ultimate fates and
affects of contaminants.’
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ENGINEERING APPROACH TO MARINE DISPOSAL TO MEET
ENVIRONMENTAL OBJECTIVES

Successful wastewater and sludge disposal in the ocean depends
on designing an appropriate engineering systéem where the input
is the waste water and the output is the final water quality in
the region of the discharge.

For treated wastewater and sewage sludge, the disposal strat-
egy should be wide dispersal, rather than containment. With
proper engineering design including choice of disposal site, it is
feasible to achieve wide dispersal of treated wastes, and degrada-
tion through natural biogeochemical and microbial processes, with

- minimum risks to ecologicil systems and human heaith.

For municipal sewerage systems, the principal variable com-
ponents are listed below and shown in Figure 1.

° Source control (or pretreatment) of industrial wastes
before discharge into municipal sewers;

° Sewage treatment plants, including facilities for pro—
cessing of sewage solids (sludge); and

o Qutfall pipes and diffusers for disposal of effluents
into the ocean, and either barges or pipelines for injec-
tion of sewage sludge into receiving waters at the
desired location.

GENERIC SITES

Two characteristic bathymetric conditions were considered.
One was a broad, flat, underwater slope of -0.1 percent, which
is typical of the upper mid-Atlentic shelf., The other was a steeper
slope of ~3.3 percent to deeper water of 600 m, which is typical
of the Pacific Ocean off southern California.

ECONOMIC MODELS

Economic models were used to compare the two systems on
a parametric basis. The pipeline model was prepared and run by
Bechtel Petroleum, Inc., of Houston, Texas. It derived from
pipeline models used to analyze submarine pipelines for the trans-
port of petroleum and petroleum products.

The surface transport model was prepared and run by
M Rosenblatt and Sons of New York, New York, 2 ship design
organization. This model incorporates features of ship system
cost models typically used in commercial practice. In addition,
system capital and operating cost information was obtained from
the New York area sources as well as from naval architectural
sources and the federal government. . _

. Care was taken to ensure that common sconomic assumptions
were used in both parametric models so that output information
would be directly comparable. Two measures of costs were



. 100
/
Inputs to Sewers
P (with pretreatment and o - ————————— _l
source control) |
Residuals to I
T di
Sevage Treatment Plancs Other Hedia |
(including sludge digestion
P and processing) e —— ———— —— - —'1
EFFLUENT SLUDGE |
Surface |
tfluent Sludge
I L Transport (el
Out fall Outfall Systems |
{ L l |
i * |
|
I I
Ocean ] Ocean
Processes 1 Frocessen I
l | |
|
| I
Water and 1 Water and I
- =] Sediment Qualiry; . Sediment Qualicy; L ___ .|
Effects Bifects
URE 1 System overview for marine disposal of wastewater

t side} and sludge (right side).
sible design adjustments to the system to achieve different
| results (e.g., water and sediment quality, and effects).

Dashed arrows indicate



101

generated by these models for various throughput rates. One
was a unit transportation cost expressed In first quarter 1983
dollars per dry metric ton of solids throughput. The unit trans-
portation costs were for the first year of operation. The second
cost measure computed by the modeis was the present value of
15-year costis.

The distances to the disposal site, or discharge point, used
in the economic analyses were chosen to cover ranges that can be
considered most jikely to be useful or feasible. For pipelines,
the selected ranges were 6 km to 18 km (at steep slope of 3.2
percent) and 60 to 100 km (at flat slope of 0.1 percent). For
surface transportation, the range selected was 5 to 200 kin, which
represented the likely maximum range to accommodate U.5. coastal
environmental concerns.

Common Assumptions for Surface and Pipeline Systems

To generate comparable cost data, it was necessary to estab-
lish common ground rules for the pipeline and surface transport
models. Some of these ground rules were directly applicable to
both systems; others, because of the unique physical features and
operating practices of the two different systems, were rationalized
to provide as nearly equal operating constraints as practical.
Common, or normalizing, assumptions are described in the following
paragraphs.

Location of plant. Output from a typical coastal municipal
treatment plant was considered to be the input to both pipeline
and surface transport systems. For the pipeline this location was
immediately behind a sandy coastline with a direct and unobstructed
access route to the terminal (discharge) point of the pipeline. For
surface transport systems the plant location was assumed to be at
a sheltered harbor site with immediate access to the ocean so that
either ships or tug-barge units, could proceed directly to and
from the designated dumpsite.

Sludge characteristics. The composition of sludge by weight,
as it Teaves the treatment plant, was assumed to be either 2 or
3 percent solids and 98 or 97 percent water respectively with a
specific gravity of 1.01.

Annual throughput. The annual throughput is constant
throughout the project life.

Useful life of systems. Costs were computed using a 25-year
economic life, For surface transport systems this time period was
assumed to be the total useful life and no salvage value was as-
symed. For the pipeline system a useful life of 50 years was
assumed, so that at the end of the 25-year period used for the
cost comparison a residual value was assigned.

Cost levels. All costs were computed using first quarter
1983 dollars. As a simplifying assumption, cost-level changes
{inflation /deflation) were ignored. Consistent with this assumption,
a real interest rate was used to approximate the cost of capital.
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Financial structure. All capital costs were assumed to be 100
percent debt flnanced through the sale of municipal or public
authority bonds.

Bond terms. Bond maturity was assumed to be 25 years at a
real interesf rate of 7 percent. This gives a capital recovery
factor of 8.58 percent of investment.

Discount rate. The disocunt rate is equal to the real interest
rate, which s assumed to be 7 percent for this study.

Taxes and profit. Income taxes, property taxes, and profit
ware excluded from financial calculations.

Indiract capital costs. Included in the financial calculations
as indirect capital costs were sales taxes; engineering, procure-
mant, and construction management costs; and contingencies.
Excluded from the financial calculations were financing costs and
working capital.

Ownership. Both pipeline and surface transport systems
were assimad to be bulit new and owned by municipal or public
suthority operators.

Material sources. Plpe and ship steel were assumed to be
of U.5 manufacture.

Accu of cost analysis. The accuracy of the capital and
operating costs was utlia{a to be within a range of 125 percent.

Other assumptions used in the analysis of surface and pipe-
line systems ware unique to each system and will be presented in

the following sections devoted to a more detailed discussion of each
systam,

SURFACE TRANSPORTATION SYSTEM

The analysis of surface transport systems included four
siternatives to move sludge from a treatment plant to an ocean
disposal site. These alternatives were (1) seif-propelled siudge
vessels, (2} barges-in-tow, (3) articulated tug-barges {ATB),
and (4) inflatsble rubber barges-in-tow.

A genaralized flowchart of the ocean waste transportation
system is given in Figure 2.

The four systems considered in the comparative cost analysis
are described in the following summaries. The prime parameters
that determined the optimum selection of cargo deadweight trans-
port size (CDWT) and the corresponding number of transport
units for a glven sludge throughput for a given distance to a
dispossl site are: (1) vessel type, (2) vessel speed, (3) delays
(weather and port), (4) loading and discharging rates, (5)
annual dry docking and repair time, and {6) cost. The philos-
ophy for sizing a particular transport system fleet was to mini-
mize the number of transport units, favoring large CDWT

capacities, for a given sliudge throughput and disposal site
distance.
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FIGURE 2 Ocean waste surface transportation flowchart.

Self-Propelled Sludge Vessels

Self-propelled sludge vessels are tank vessels divided longi-
tudinally and transversely into individual tanks, each with bottom
dump gates. Tank bottoms are positioned in the ships above the
still water level when the ship is empty so that the tanks witl
discharge by gravity. A simplified center line profile of a typi-
cal self-propelled sludge ship is shown in Figure 3.

FIGURE 3 Self-propelled sludge ship.
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Barges-in-Tow

The barges-in-tow system assumes one tug and one barge
with the tug pulling the barge by hawser as shown in Figure 3.
The barges are divided longitudinally and transversely into as
many tanks as appropriate for the vessel strength and stability.

FIGURE 4 Barges-in-tow.

Articulated Tug-Barges {ATB)

The articulated tug-barge system offers some advantages of
self-propelled surface vessels and some advantages of barges.
In all but severe weather the tug pushes the barge by fitting
into a stern "notch® that permits the tug-barge tc enjoy many of
the efficiencies of economy and speed associated with self-propelled
vessels. An articulated tug-barge is shown in Figure 5.

7__

FIGURE 5 Articulated Tug-Barge.

In severe seas it will be n
notch and move into a towing
of articulation,

ecessary for the tug to leave the
position, thus lesing the advantage

Rubber Barges-in-Tow

This system of transporting sludge consists of a2 standard
tug towing an inflatable, comptiant, streamlined cylinder which is
towed nearly submerged. Its advantages include lower capital
cost due to fewer structural requirements. its disadvantages
include shorter life and lack of extensive experience in this ser—
vice. A rubber barge-in-tow is shown in Figure 6.
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FIGURE 6 Rubber barge-in-tow.

Discharge of sludge from the rubber barge can be accom-
plished in two ways. The first way is to pump out sludge through
the flexible hose attached to the nose of the barge. This is the
same flexible hose that is used in loading the barge. The second
method is to open a radio-controlled valve at the tail plate of the
barge, in which case the sludge will be discharged through this
opening while the barge is under tow.

ASSUMPTIONS UNIQUE TO SURFACE TRANSPORT SYSTEMS
Assumptions, in addition to those common assumptions dis-

cussed earlier, were uniquely necessary for the surface transport
system. These were:

° For all barge transport systems, one tug for each barge.

© Constant volume of sludge flow from treatment plant.

° Single point pickup and discharge.

° ghoreside downtime relates only to time during which
sludge cannot be loaded onto the transport units for
nonmarine" reasons.

® Two hours for port hookup and disconnect.

© Fifteen days for annual dry docking and repairs.

4]

Full load transit speeds for transport units assumed will be:
-10 knots for self-propeiled sludge vessels;

-8 knots for ATB and rubber barges in tow; and

-6 knots for steel barges in tow.

° 20 percent of the time, barges will be in tow and ATBs
will have to reduce speed due to weather as follows:

-3 knot speed loss for the ATB when changed from push
to tow mode due to weather; and

-1 knot speed loss for barge in tow due 1o weather.
Ballast trip speed 1 knot greater than full load trip
speed, except for towing rubber barge, where there is

a 3 knot increase in speed.

Loading rate is equal to discharge rate, but limited to a
maximum of 6 hours.

Distance to sludge disposal site: 5-200 km, but only data
for 20 to 2006 km could be conveniently plotted.
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o

Dry sludge throughput range: 5-500 metric tons per day
(except inflatable barge).

3 percent dry sludge concentration.

50 dry metric tons per hour discharge rate.

10 percent shoreside downtime; i4-hour repair time.

90 percent vessel utilization efficiency (i.e., required
number of voyages to transport sludge is 90 percent of
the total number the fieet is capable of making) .

Output of the simulation program provides data points for
transport distances of 5, 20, 50, 100, and 200 km from the sludge
pickup point to the dumpsite. Throughput values of 5, 50, 150,
300, and 500 dry metric tons per day were considered as noted
sariler. One exception is that the inflatable barge-in-tow system
analysis extends only to 300 dry metric tons per day capacity due
to its size limitation,

The simulation program assumes continuous operations for
the transport vessels, except for maintenance, repair, and weather
down time. Such operations are normal maritime practice and are
feasible from a human factors point of view through appropriate
watch scheduling and crew rotatlon techniques. If a municipality
elects to limit operations to less than continuous ones, the fleet
size and transport cost would be increased correspondingly. The
actual cost increase will depend, of course, on site and specific
schedular considerations.

This study, which compared the alternative surface transport
systems, |s perametric and is not diracted towards an analysis of
a specific site. The net effect of not running the transport
vessels round-the-clock could increase the transport cost by 15
to 20 percent. Howaver, the actual cost change will depend on
conditions at s specific site.

s o 09

RESULTS OF COST COMPARISON

The study model is a static simulation. The characteristics
of the marine system are provided as Input data to the model and
the system is analyzed. By varying the defined base transpart
system and sludge throughput/discharge rate, the system's capa-
bllity to move the required sludge and the associated cost can
be estimated. The accumulated sludge that temporarily cannot
be moved will determine the required sludge storage capacity.
Figure 7 shows the results of the least-cost alternative, barges—
in-tow. This is the level of detail produced by the model.

Figure 8 shows a comparison of all surface transport systems
considered in the study. '

SLUDGE THICKENING

Sludge typically leaves the digestion tanks in a treatment
plant as a suspension consisting of about 97 percent water and
31 percent suspended sollds.” The cost of shipping sludge per -
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(3 percent dry sludge concentration). '

metric ton of solids is the only measure by which the surface and
pipeline systems can be compared in this study; these costs may
be stated in either unit transport cost per metric ton or present
value per unit capaclty.

It is a distinct advantage to the surface vessels if they can
carry sludge containing a higher percentage of solids and less
water. Thickening sludge has its disadvantages, however. It
adds costs since it involves a mechanical separation process such
as centrifuging, thus offsetting some of the savings resulting
from a smailer fleet and fewer trips. Sludges can be thickened
by methods other than centrifuging, such as using beit filters.
The cholceof method is based on percentage of removal needed
and cost, and such decisions sometimes must be made after oper-
ational experience is galned. Figure 9 shows cost comparisons
for sludge thickening in the range from 3 percent (no further -
thickening) to 8 percent dry sludge for trips of 100 km and 200
km and throughputs of 150 and 300 dry metric tons per day. The
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'FIGURE 9 Effect of dry sludge concentration on total unit dis-
posal cost, based on use of self-propelted sludge vessels. Sludge
thickening cost included in total cost.:

empirical equation for sludge thickening costs,

Cost in $/dry metric ton = 7.35 Cy - 22, where Cy is percent
concentration after thickening,

is based on data from a sludge thickening plant operated by the
Bureau of Sanitation of the City of Los Angeles. The curves

in Figure 9 are illustrative only because many site specific factors
such as construction and operating costs and the physical and
chemical characteristics of the sludge will determine the actual
cost and can differ markedly from site to site.

PIPELINE TRANSPORTATION SYSTEMS

Initial consideration was given to both concrete and steel
pipelines for the transport of sludge to bottom disposal sites.
Due to the relatively long distances considered, particularly on
the Atlantic sheif (slope of ~0.1 percent), the well-established

technology for installing stéeel pipelines was adopted for the cost
analysis.
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Petroleum pipelines are characterized by their relatively long
tength and high-pressure requirements. Thus good practice has
dictated the use of all-welded steel pipe, on land and on the ocean
bottom. When these lines are installed at sea, the pipe walls must
be designed to guard against buckling during installation. When
the line Is In place, the extra wall thickness is available to accom-
modiate higher internal pressures.

Ses outfalls generally traverse three zones: onshore, surf,
and offshore with discharge through a linear diffuser, diffuser -
structure, or open-ended pipe.

Soll properties are imporiant due to the diversity of possible
trenching and burlal conditions and the alternatives for dealing
with them. Optimal subsea conditions consist of gradually sloping
sandysoll or mud. Under these conditions, the pipe is laid and
buriad by jetting within the surf zone.

Difficult conditions consist of rock or coral sea floors and
are dealt with by anchoring the plpeline at intervals or by laying
the pipeline in a blasted or dug trency.

Internal forces in a pipeline result from the hydraulic pres-
sure credtsd by pumping. Operating pressures in short length
outfalls are normally low and, thus, have little influence on the
design of the pipellne. Longer distance outfalls, however,
require higher operating pressures to compensate for friction
losses; these pressures Influence wall thickness.

The external forces on an outfall can be very significant.
Thesa result from the osclliatory movement of waves or currenis
whers horizontal drag forces and vertical lift forces may cause .
undesired plpeline movement.

Boats or ships may drop anchor on the line and cause damage.
Bottom trawling fishing vessels are also hazards. In the surf
zone, where wave and current forces are exceptionally high, it
Is common practice to bury the plpéline with adequate cover—-
snough for the pipeline to remain below extreme seasonal erosion.
Beyond the surf zone, some type of anchorage is advisable. This
can be accomplished by tying to rock or soil using weighted con-
crete anchors, exterior concrste coatlng, or screw devices.

in this study all required pumping was assumed to be at
tha input point and no booster pumping was required for 100-km
distance, the maximum pipeline length considered.

CONSTRUCTION METHODS

The following methods may be used in submarine pipeline
construction for sludge outfalls constructed of steel pipe:

?  Bottom pull,
Bottom tow,
Float and sink, and

Continuous pipe lay barge.

-]
L]
o
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Bottom Pull

The bottom-pull method eliminates almost entirely the need
for sea bottom connections. The pipe is assembled, preferably
welded, into short strings at the onshore yard. These strings
are then rolled onto a centrally located launchway, where pipe on
rollers can be pulled into the sea. The strings are then welded
into a continuous pipeline on the launchway, concrete weight
coating added, or completed at joints, and subsequently putled by
tugs or anchored winching arrangements. A problem with this
method is the substantial frictional resistance of the sea bottom
(unless supplementary buoyancy is attached) ; thus, only fairly
short pipelines can be installed using this method. This method
is shown schematically in Figure 10. '

® CONTINGOUS BEAM O LAUNCHWAY

@ BEANWITH “SETTLED” SURPOAT
SEAM WITH COUTIIUOUS UNEVEN SUPPORT
AND QCCASIONAL SPANS

FIGURE 10 . Bottom-pull pipe configuration.

Lay Barge

Lay-barge methods are used where substantial lengths of
pipe have to be laid continuously.

Conventional and semisubmersible lay barges ("S" configur-
ation) and high-angle pipelayers (“J* configuration) are most
suitable for construction of deepwater lines. "S$" and "J" describe
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the configuration of the pipe as it is being laid from the barge
to the sea bottom. See Figures 11 and 12. The "J" method is
suitable for laying pipe in water depths greater than 350 m; in
shallower waters, this method Is too expensive relative to con-
ventional or semisubmersible barge methods. Conventional lay
barges typically operate in water depths up to approximately
200 m. Both of these systems rely on proven devices to control
sach phase of the construction procedure.

Despwater lay vessels are sometimes dynamically positioned
{possibly with tug assistance), eliminating the necessity for -
anchor lines and winches. They have high mobilization and oper-
ating costs, however, and their use can generally be justified
only where less sophisticsted pull methods cannot be used.

The recent Introduction of dynamically positioned ree! pipe-
:y ships providas an extension of conventional stinger pipe

ying.

@ TENDON BEAN
@ CONTIUGUS BEAM DN CURVES SPPORT
© SuTtnoeD ran

@ DA WTH CONTHRUSES YWEVEN SUPPORT
AND OCTARMHLAL SFANE

FIGURE 11 Reel barge, pipe configuration.
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TERMONER ATSEMELY WAY
O&
OVERBEND -\

\_ CURVED OR ARTICULATEDR
STINGER

@ CONTMUOLS SEAM
@ SEAMWITH "SETTLER" SUPPORT
© WCLMED LONTMIGGUS REAM

ON CUAVED SUPPONT
@ SUSPENDED BPAN
€ SEAM WITH CONTINUGUS UNEVEN
SUPPORT AND DCCASIONAL SPANS

NOTE: VESSELS ARE USUALLY SENISUBMERSLE
BMAAGES.

FIGURE 12 . Deepwater lay barge, pipe configuration.

ASSUMPTIONS UNIQUE TO PIPELINE TRANSPORT SYSTEMS

The computer model to make comperative cost studies for -
pipelines was a modification of a Bechtel Petroleum, Inc. model
used regularly in its analysis of submarine petroleum pipelines.

It was necessary to make certain assumptions, in addition to
those common to both pipelines and surface transport systems
noted earlier in this report, to analyze pipeline alternatives.
Unlike the surface transport systems, the pipeline cost analysis
program was required to account for differing methods necessary
to lay pipe of varying sizes and lengths in varying water depths.
Additional assumptions unique to the pipeline systems were:

1. Units of Measure
¥ Throughput rates: dry metric tons/day and million U.S.
gallons /day ' :
® Pipeline diameters and wall thicknesses: inches
Other: metric
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Ejpeline System
Pump station adjoining sewage treatment plant
No booster pump stations included at sea
No storage tanks required
Electric-driven Puinps installed in parallel (no spares)
Underwater carbon steel pipeline
Concrete-coatet
Cement-lines

Pipeline burled from shoreline to 60-m depth

Piesl-zlna Limitations;
Pe outside diameter {In,) Maximum water depth {m)
24

o 0 O 0

-]

600
30 525
36 425
40 375
44 300
ag 250
% No diffuser structure provided (i.e., open-ended pipe
discharge)
Hydrautic Analysis
s Sluaga composltion (weight): 2 percent solids, 98 percent
water
° Homogeneous flow in turbulent regime at velocities of
1.5_310 m!’ .

Viscosity of sludge: 4.5 centistokes
Load factor: os parcent

Internat lning thickness: g. 375 In,
Pipe roughness: 0.015 in. .

Pump efficlency: go parcant

Capital Cost Estimates
s i’lpellm construction market supply /demand factors in

balance
° Facllitles included: pPump station and underwater pipeling
® Plpe characteristics:
Carbon stee!
Less than or equal to 20-In. outside diameter:
Seamless
Grade X52
Standard wall thicknesses, sub
to-wall thickness ratic 40 to 1
Greater than 20-In. outside diameter:
Double submerged arc welded
Grade X60
Target dlameter-to-wali thickness ratio: a0 to 1
Two-inch concrete coating
° Pipe buried by Jetting-in method
? The most advanced large lay barges are required when
water depths exceed 200 m; in water depths less than, or
equal to, 200 m. smaller lay barges suffice

o0 000

ject to maximum diamater-
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6. Op_erating_a_nd Maintenance Expense Estimates
° labor required: one person on duty at all times
9 Maintenance by contract -
® Electric power costs: mid-range for U.5. coastal
communities
¢ Exclusions: administrative and general expenses

7. Cost Analysis
* Basis o; comparison of transportation modes in cumulative
discounted cost of service {CDCS) over the life of the

project.

RESULTS OF COST ANALYSIS

A computer program was developed that would: perform a
hydraulic analysis, size the major pipeline facilitles required, cal-
culate capital costs and annual operating and maintenance expenses,
and derive transportation costs. The analysis consists of three
sections:

® Design information;

2 Capital cost information; and

® Operating expenses and transportation costs.

Design information comprises input and calculated data.

Among the calculated data arethe total installed horsepower required
and the total pipe tonnage required. The capital cost information
includes input unit costs for the given pipe size and water depth,
and calculated capital costs. Operating expenses and transporta-
tion costs include input unit expenses, calculated annual operating
and mainienance expenses, and calculated transportation costs.

The transportation costs produced by running the computer
program are plotted using log-log scales in Figures 13 and 14.
These plots show unit transportation costs for the two generic
cases of sea floor slope. Figure 13 is for -0.1% slope while
Figure 14 is for -3,3% slope typical of the west coast.



1lle

" 004 PU@ 09 jo syIBUR Bujedid * (edojs 1oo|Res
yuwosed |°g-) eujedid Aq wes je obpns jo |esadsip d0; 1500 uojimiodsuRdy HUN €1 JUNADI

(HIMOT AWD ¥3d SNOTIVO NOITHN -
{4 3ddNF AWQ/ENOL JIELAR ANO - LOLHOPNONHL

PN N B IR IX IR OVR IT SN MMy I N0 3 W) i i

0. BORS MOS SOW DG WOSI Medi M M e s W MW W WL TR N
1 1 | T " T T T T 7 T T [T b
'l — L 1]
®”
m [ 1) W
| 3
: g
»
z m
| &
~ .m
m L
= s -
B " m
Lo N I “ — e : -
__ .,
sup _ \
WOLIVS FSNVHD TYLIIVI THNAY NS . !
roib- u_lt..-.._:l_.:dl_ P o
— ] | ; : w




117

wy g1 pue § jo sybuey aujedid ‘ (adojs uocojRas
juedded ¢:g-) auledid Aq eas 1e abpns Jo |esodsip 40} 33502 uopRlJodsuedy Jjun kL IYNDIL

(MAIMCT AVO ¥3d SNOVIPDO NQITTIN —
(3Nl AWDSNCL DINEIW ANO — LRIHDACHML

T rer [ Il 20 IN | el Iw w: sy v F{ioF/ 20N - ¥4 M L ]
. B ] -t [ ]} | ] L
5 st
]
ol 4
I' A
il
o | — 4y
-
we |- 4
-3
Y wol - W 002 - H143E UIIVM1ID ¢
WX - HLONTY W M
-4
o = 4 m
-] m -
£ " _ X
= N1 ¥ =TT
5
2 . P :
jry - =-1a
£ P | 4
™ —I8R
1
A | X
= izl ™, =
£ -
ot} 0 - HLFID VILYA LN » dAn
W BL - HLON3T W
wtl - dw
]
_ " -
WESI ypsovd 39UVHS ILLAYS WONNY %089 ML m
| 24078 NODY VITNT- / dw
wi L L [T




118

Finally, Figure 15 presents unit transportation cost data versus
dry sludge throughput in the same format and over the same

throughput ranges as presented in Figure 8 for surface transport
Syﬂteﬂ“-

1680
I i I
S.50% ANNUAL CAMITAL CHARGE FACTOR
140 -
§ 120
- y
z ot A
E \ Degth 100m  -0.1%
E wr h \{mm P :.;-m
m
> ®fF A ‘1\ N
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=] "-—.______‘okm
a 40 \\ Degth 630 m 23% —
" Depth 200m  -3.3% \ 12 km
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ol—1t L 1
] 100 200 00 400 500

DRY SLUDGE THROUGHPUT — METRIC TONS/DAY

FIGURE 15 Comparison of pipeline systems unit transportation
cost in dollars per dry metric ton versus dry sfudge throughput.

Pipeline Pigging (Periodic Internal _Cleaning)

To enhance pipeline efficiency it is common pipeline practice
to pump "pigs" (i.e., a short cylindrical or spherical unit slightly
smaller than the inside dismeter of the pipeline) through the line
as a scheduled maintenance activity. For this study pipelines are
assumed to be open ended so that the pig can be discharged and
will float to the surfece for recovery after passing through the
full length of the line.

The majority of the material deposits that build up on the
inside of pipelines are comprised of grease and grit. The
floatables [(principally grease), after pigging, are picked up on
the ocean surface; grit falls to the seabed. The infrequent dis-

charge of materials resulting from pigging poses no significant
environmental problem.
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COST COMPARISON OF SLUDGE TRANSPORT SYSTEMS

For the purpose of comparisen, the unit cost data for both
surface transport and pipeline were plotted on log-log scales using
the present value (PV) unit costs versus throughput.

PRESENT VALUE PER UN!T DAILY THROUGHPUT

1000
L] ‘ LR | T T ]— T T |_|
500 w
i S
/2]
- =
£
>.
S i o
g 200 -§ 2
=5 A &!‘\ *$100km P
S g 3 b \'\o‘ ;
E 100 — \\‘ \ A 60 KM 1
= i "\.\ \‘o\ ]
I B -
o § ¥
<a = ~ ~
Z 50~ —%—= BARGES IN TOW B ¢ 18 KM
g [ b\ | 5
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z _
. B6 KM
20— COST COMPARISON OF OCEAN —
SLUDGE TRANSPORT SYSTEMS |
10 1 ol l T
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THRQUGHPUT (DRY METRIC TONS/DAY)

FIGURE 16 Cost comparison of two ocean sludge transport sysiems:
pipeline and barges-in-tow, the least expensive of surface transport

options.

("Present value per unit daily throughput" is equal to the

present value of 25-years' operation divided by the average daily
throughput in metric tons per day.)
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® The curves in Figure 16 show clearly that barge systems
are less cost for lower throughputs and longer distances, while
Pipslines are less cost for higher throughputs at shorter distances.

° Surface transport systems approach a constant unit cost .
at throughputs of about 300 to 500 metric tons per day, indicating
no further economies of scale with increased throughput. However,
plpeline unit costs continue to drop sharply with increasing through-
put (over the range studied) indicating that the limits of economies
of scale have not been reached.

® 1t is easier to expand a surface transport system over
a wida throughput range {say balf an order of magnitude or greater)
then & pipeline system. )
Surface systems afford great flexibility in location of dis-
“posat. The pipeline is relatively inflexible in this regard.
- ® A pipeline system sized for sludge disposal for a U.S.
“coastal community is limited to approximately 100 km with an on-
 shore pumping station. Llonger distances are possible, but may
- require one or more at-ssa pumping stations.

° Surface transport systems are subject to weather conditions,
whereas submarine pipelines are immune to weather restrictions.

° A pipellne system has less surface visual impact than a
surface transport system,

SONCLUSIONS
The principal conclusions of this study are:

Y. Tha present knowledge of coastal oceanography and of
environmental engineering Is sufficient to support the design
of ocean disposal systéms for treated wastewater and sludge
to meet environmental objectives.

2. Sewage treatment plants and ocean disposal facilities are com-
plementary parts of the overall disposal system.

3. Effluent and siudge contain similar contaminants for which
behavior in the ocean Is predicted on the basis of the same
physical, chemical, and blological principles.

4. Sludge particles behave physically as fine natural particles
In the marine environment,

5.  Although considerable Progress has been made in the capability
of modeling the transport, fates, and effects of ocean dis- .
charges into the acean, this ability can be significantly
improved as more research results are obtained.

6. The trace contaminants of m§imnmontal concern in- sludge are
primarily metals and xenobiotic organic compounds.
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7. Trace contaminants appear to be chemically and physicaily
associated primarily with solids in the waste stream.

8. The fate and effects of xenobiotics in the ocean are not well
understood. Therefore, their disposal should be minimized.

9. Certain xenobiotics are so persistent that they cannot be
removed in treatment plants or diffused to safe limits in the

ocean.

10. For disposal of sludge, containment in specific ocean sites
is not technically feasible. Therefore, the opposite strategy
of wide dispersal, at adequate offshore distances, is the
best way to minimize environmental degradation and potential
pathways of pathogens and contaminants toc humans.

11. A key design criterion for disposal systems is the depaosition
rate of sewage and sludge particles on the seafloor.

12. Suitable sludge disposal sites or areas exist over wide regions
of the continental shelf and slope.

13. Costs of surface transport are lower for smaller throughput
and longer distances, while pipeline costs are lower for higher
throughput and shorter distances.
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ABSTRACT

The results of the prospectlve epidemiclogic studles on
acute gastroenteritis (AGI) associated with swimming in sewage
contaminated marine waters and the more than 45
ghellfish-associated outbreaks of the same illness reported
from New York State in 1982 and 1983 suggest that people are
becoming ill from contact with presumably acceptable waters
via these two major waterborne routes of transmission. In
both situations, a more actlve diaease gurvelllance program
for this relatively benign and nonreportable 1llness was
responsible for the findings. On the other hand, the
epidemiological record indicates that currently used
wastewater disposal and resource utillization atrategles have
largely eliminated typhold fever and infectious hepatitis,
respectively, as diseases of major comcern via these two
routes. The relatively high iliness rates and the relatively
benign nature of the illness suggest decisions on resource
utilization and wastewater disposal strategy based om risk
acceptability.

At least along the Atlantic coast, where the option for
long deep outfalls generally does not exist and where there
often are combined sewer systems, there is a heavy dependence
on wastewater treatment and disinfectiom, the former in part
to physically eliiminate larger sewage particles and the latter
to kill pathogens and indicators in those particles that
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remain. Because of the environmentally unstable nature of the
coliform indicator systems used in arriving at these
gtrategles, we probably have a false sense of securlty
concerning their effectiveness relative to AGI. Thus the
extent to which the available information on the effectiveness
of disinfection avd die—off during transport in water and in
the sediments can be relled upon needs to be evaluated. The
latter can be eapecially important in the shellfish growing
waters in estuariea and embayments subject to combined sewer
overflows. During the next decade we have to examine and, as
required, modify these strategiles. At least one state, New
Jergey, 1ls moving to disinfected secondary treated effluents
diacharged from "longer" ocean outfalls as a solution.

INTRODUCTION

It has been wore than a decade asince the "Clean Water Act”
(P.L. 92-500) was enacted to accelerate the Improvement of the
environment with regard to public health aund ecological
considerations. Conslderable research towards these ends has
been performed; some of the findings from the research have
been applied with salutary effects; but much remains to be
done in both areas. This review will attempt to define the
research needs* fer the next decade with regard to the public
health consequences of the ocean disposal of wastewater and
sludge in the United States. The consequences include acute
and chronic disease due to an increasing number of chemical
contaminants which are or could be present in municipal
wastewatera and sludge and which reach man through the
consumption of marine bicta. A consideration of these
consequences 1s beyond the scope of this paper and the
expertlse of the author.

Additional pharwmacological data on the levels of the
contaminants which produce chronic disease, informatlon on
additive or synergiatic effects of the chemicals, and data
bases for extrapolating the unacceptable levels of the
toxicants in the biota consumed as food back to corresponding
levels in wastewater aud gludge remain as critical research
beeds. The correlative technological and administrative needs
are the development of cost-effective methods for the

retreatment of industrial effluents to remove these
authropogenic chemicals and the promulgation and enforcemeat
of standards to insure their removal.

The public health comsequence to be considered herein is
the potential for infectious disesse due to pathogenic agents
which are present in fecal wastes and, hence, in municipal

*For emphasia, research and, in some cagses, technological and
administrative needa will be underlined.



127

wastewater and sewage sludge. There are two major routes by
which these agents reach man, They are direct contact with
the water, primarily during recreational activities such as
swimming, saurfing, scuba diving, etc., and the consumption of
raw or marginally cooked molluscao shellfish. In the United
States, enteric diseases such as typhold fever, hepatitis A
and gastroenteritis due to Ingestion of the agents im the
contaminated water or in the biota are or have been the major
consequences of such discharges. In addition, there has been
increasing concern over the past three decades with the
potential for buman disease due to infectlious agents which are
autochthonous to the marine environment. The agents are
members of the genus Vibrio; and the illnesses reported
include infected wounds via contact with the water and enteric
disease through the ingestion of contaminated crabs and
molluscan shellfish., There have been relatively few cases and
outbreaks of these diseasea; however, the illnesses are severe
and, at times, fatal. Since the Infectious agents are
autochthonous to the marine eavironmeant, the potentlial for
disease cannot be indexed by the fecal bacteria used as water
quality Indicators. This notwithstanding, the water levels of
one of the agents, V. parahaemclyticus, are increased by
municipal wastewater discharges, presumably because of
nutrient enrichment of the water (Watkins and Cabelli, 1985}.
Additional informatiom is needed on the extent to which
wastewater and sludge discharges increase the potentlal for
such diseases.

The approach to be taken In forecasting the research needs
in the period from 1984 to 1994 will be to examine three
assumptions prevalent in the decade from 1964 to 1974 in the
light of information obtained from 1974 to 1984. These three
assumptions have served as the basis for wastewater treatment
and disposal strategles and the regulation of the affected
resourced, at least along the Atlantic and Gulf coasts of the
iInited States where the optiom for long, deep ocean outfalls
for sewage disposal is muchk more limited than that along the
Pacific coast. The validity of these assumptions is
especlally critical in the vicinity of the large coastal
population centers in the East and Southeast since most of the
cities are located on relatively shallow estuaries and
embaymenta into which large volumes of sewage are discharged
vla relatively short outfalls. Furthermore, these same
receiving waters contaln much of the shellfish resource and
congtitute a much needed source of outdoor recreation,
especlally for individuals living in the "ioner cities.”

ASSUMPTIONS OF CURRENT WASTEWATER DISPOSAL STRATEGIES

The first assumption is that the risk of infectious
disease via the two tranamission routes from waters which meet
the existing water quality standards is negligible or, at
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leant, undetectable, Its corollary is that the water quality
standarde and monitoring programs, including the choice of
microbial indicators, used to evaluate the quality of the
potentially affected water resources are effective. The
second 18 that, because of disinfection, wastewaters could be
"safely” discharged through relatively short outfalls into
estuaries, embayments, aud near coastal waters. The third,
which in & sense paraphrases the other two, is that ajl
coastal and estuarine waters could be rendered both fishable
and swimsable with state of the art technology (secondary
treatment followed by chlorinatifon) and that this can be done
at costs which would not be prohibitively expensive. It would
seea that this assumption is implicit to the proviaions of
Section 101(a)(2) of the Clean Water Act as amended in 1972
(PuLu 92"500)4

All three assumptions were probably correct with regard to
the potential for the eateric diseases of most concern at the
time the wastewater disposal and resource utilization
strategies were being developed, that is, the bacrerial
disesses typhold fever and bacilliary dysentery and possaibly
hepatitis A caused by a virus. However, it is now reagonably
clear that the assumptions are not valid with regard to the
wost prevalent water-related illness, an acute gastroenteritris
of viral etiology (Cabelli, et al., 1983). In addition,
alrhough most coastal and even eatuarine waters can be made
swimmable and fishablie with regard to the potential for
infectious disease, Iin most cases this will require the
acceptance of gsome measurable risk of acute gastroenteritis;
and, in many inatances, currently used wastewater dispoaal
atrategies may have to be modified.

RISK OF NATER-RELATED AND WATER. QUALITY STANDARDS

Swimaing-Associated Diseasse

As late as 1974, wany public health officials and
environmentaliasts believed that there was little, if any, risk
of swimming-ansociated, pollution-related illness except in
waters so grossly contaminated with fecal wastes that they
vere aesthetically undesirable (Moore, 1975). Because of
this, they queationed the need for Tecreational water guality
guidelines and standards based om fecal indicator levels in
the bathing water such as those recommended in 1968 by the
National Technical Advisory Committee (NTAC) to the Federal
Water Quality Administration (Henderson, 1968). In general,
even thoge individuals who believed in the necessity for such
guidelines and standarda felt that those recomnended by NTAC,
later adopted by the USEPA (1976), and subsequently
Promulgated by most states as standards were aufficiently
Teatrictive so that the risk of such illness was negligible,
The results of the proepective epidemiological atudies
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conducted by the United States Environmental Protection Agency
over multiple yeara at several locations argued against this
assumption (Cabelll, 1980). These studies clearly showed that
meagsurable and appreciable rates of a swimming-associated,
pollution-related fllness, acute gastroenteritis, occurred at
beaches which met the exlsting USEPA recreational water
quality guldelines and local standards, ard these results were
conslgtent with recent information on waterborne disease
outbreaks (Cabelli, 1983), Two aspects of the fiadings frow
the studies have particular relevance to the issue of
wastewater disposal. The first ia the relatively benign
nature of the illness and the absence of evlidence for more
serious swimming-associated, pollution—related disease. The
second 1s that swinming-assoclated acute gastroenteritis rates
of about 10 cases per 1000 swimmers were assoclated with very
low enterococcus (the water quality Indicator of choice) or
Escherichia coli levels in the bathing watar, about 10
colony-forming units (CFU)/100 ml (Figure 1).
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Figure 1. Regression lines for enterococcus and E. coli in

the bathing waters againat the swimming-associated rates of
acute gastroenteritis (highly-credibie gastroeintestinal
symptoms) as obtained from epidemiological studies.

The attainmeat of enterococcus levels of about 10/100 ml
in the bathing water would require more than a three log
reductlon from those levels found in secondary effiluents from
sewage treatment plants (Miescier and Cabelli, 1982). Without
recourse to wastewater disinfection such reductions would be
very difficult to achieve with relatively short outfalls
discharging into estuaries or embaymenta, especially when the
recreational regources are near the dimcharge points and large
volumes of sewage are discharged into the receiving waters.
Even with these reductions, however, illness rates of about
10/1000 swinmers would have to be accepted, a distinct
poaalbility considering the relatively benlgn nature of the
illness in question. Since economic and sociologic factors
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properly enter Into decisions on the acceptability of the rigk
of swimmlng~assoclated disease, it is anticipated that, during
the next decade, these decisions and the water quality and
effluent guldelines and standards which derive from them will
increasingly be made at the local level, albeit with review by
the responsible federal officlals. The economic and
soclolegic data bases and procedures for uaing them in
arriving at such decisions need to be developed. A receat
report examines the economlc consequences of foodborne
gastroenteritis (Archer and Krenbery, 1485).

shellfish-Assoclated Disease

A8 early as the turn of the century, it was clearly
recognized from reported disease outbreaks that the
consumption of raw molluscan shellfish harvested from
sewage-polluted waters carried a significant risk of typhoid
fever and cholera (Verber, 1984). It was not until 1925,
however, following an extensive outbreak of oysterborne
typhold fever, that the United States Public Health Service
recompended & program for the sanitary control of the
ghellfish industry in the United States (Frost, 1925).
Included in the recommendations was a limit on the Bacillus
coll levels (they were probably referring to total collforms)
In the growing waster. The manner in which the limit was
expresved was both vague and variable until 1935 when it was
stated in a manner from which an average B. coll MPN in the
overlying water of 70/100 ml could be derived {see Furfari,
1368). 1In 1941, Kehr, et al,, from their analysis of the
70/100 MPN coliform 1imit, concluded that this standard,
though arbitrary, would provide the necessary protection
againat shellfishborne typboid fever. They noted, however,
that "=== the limiting standard should be more accurately
evaluated by extensive studies at the earliest opportunity,”
The proposed standard was adopted in 1946 (USPHS, 1946) and
has remained unchanged with twe exceptions, They were the
addition of 90 percentile limits and extrapolation to fecal
¢oliform limita based on the comparison of total to fecal
coliform (a more, but not completely, fecal-specific
lndicator) levels at the clogure lines as reported by Hunt and
Springer in 1974,

Three aspects of the developuent of the coliform standard
should be noted as background for the information om the
outbreaks of ahellfighborne disease shown in Figures 2 amnd 3.
The first ia that the standard was developed and "evaluated”
in response to outbreaks of typhold fever, the eriologic agent
of which wag Bubgequently shown in human volunteer studies to
have a high infectious dose (an ID5) of about 107
°rganisms)(Hornick et al., 1970). The second is that the
cholce of the coliform indicatore and the specific limits on
their levels were arbitrary with no epidemiological data to
Support them. The third is that the studies recoumended by
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Kehr et al, have never been conducted even after typhoid fever
was rTeplaced by Infectious hepatitis and then acute
gastroenteritis as the most frequently reported shellfishborne
disease Iin the U.S5,
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Figure 2, Shellfish-associated outbreaks and cases of

typhoiq fever, hepatitis A, and gastroenteritis reported from
the United States in the period 1900 through 1980. Numbers
accumulated for five year intervals. Data from Verber (1984).

It can be seen from Figure 2 that the number of reported
shellfishborne outbreaks of typhoid fever peaked In the five
years between 1940 and 1945 and sharply decreased in the
ensujng decade. The combilnation of a number of factors may
have been responsible for the decrease, including better
removal of solids and subsequent disinfection during sewage
treatment, fewer individuals excreting salmonellae into sewape
via fecal wastes, improvements in the requirements of the
"Shellfish Sanitation Program™ as recommended by the USPHS in
1946, and the implementation of these requirements by the
states. The elimination of shellfishborne typhoid fever
notwithatanding, once the link between the consumption of raw
shellfish harvested from sewage polluted watera and hepatitis
A was established in 1957, a number of shelilfishborne
outbreaks of this disease were reported. The number peaked in
1964 and decreased during the ensuing decade. The last major
outbreak of about 295 cases took place in 1973 {Portmoy et
al., 1975)}; and cne explanation for its oeccurrence was that,
following a prolomged and extensive run—off of polluted fresh
water off the coast of New Otrleans, the viral agent persiated
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in the shellfish long after the coliform Indicators
disappeared from the shellfish and even their overlying

water. The decrease in the number of ocutbreaks and cases of
thig disease must be attributed, at least in part, to
improvements in thne Shellfish Sanitation Program, speclfically
to better claasmsi{fication of growing areas, since the standards
had not been changed appreclably since 1946. Iuprovements in
wastewater treatment and disposal probably also contributed to
the decrease.

SOk a | 2100
" § 1sco
o aslincludan Imported O
¥ 40} Shelitish w T a0e o
< " o
1] Y b
X B v o
s ]
=
2130} { 300
© o
i B 4
S i
@
K20} 200
o 2
3 N B z
2 e
z
e 0} 4 100
O —eeov 0
190 T2 T4 Te T8 1980 B2 B4
YEAR
Figure 3. Reported shellfish-associated outbreaks and

cased of gastroenteritis in the United States by year for the
period 1970-1983., Data from Verber (1984} and internal
reports of New York State outbreaks.

Coincideat with or shortly followlng the increases in the
more serious, reportable illnessea, there also were increases
in the number of reported outbreaks of gastroenteritis. As
goted earlier, this 1llness also 1a the one most commonly
asgoclated with other waterborne transmission routes. It can
be seen from Figures 2 and 3, that there was a marked increase
in the number of reperted outbreaks and cases of
shellfighborne acute gastroenteritis in the period from 1965
through 1980. This was undoubtedly due to a Ereater awarenese
of shellfish consumption a8 a transmission route for this
relatively benign illness which, understandably, need not be
reported to local or federal public health authorities.

More than 45 of the outbreaks ghown in Figure 4 for the
years 1982 and 1983 came from domestic clams sold in a single
gtate, New York. They followed an outbreak in which two of 18
gasttoenteritis cases subsequently developed hepatitis A
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(Centers for Disease Control, 198Z). Public awareness of the
problem due to continulng media coverage of warnings issued by
public health officials was largely respousible for the number
of reported outbreaks, The extent to which such outbreaks go
unreported can be seen from the obaervation that, although the
clams could have come from New York, Massachusetts, Rhode
Island and North Carolina, there were no reports of
shellfish—associated disease from the other three states or
from any of the other New England or Middle Atlantic states.
In 1982, the attack rates for most of the gastroenteritis
outbreaks exceeded 50 percent; there were 11 cases of
hepatitis A; and the New York State Commissioner of Health
issued a well-publicized warning against the eating of raw
clams. Neverthelesa, in 1983, there were 17 outbreaks and
over 24U cases of gastroenteritis reported by New York State
due to consumption of domestlc tlams and an additional 13
outbreaks and over 1850 cases reported by New York and New
Jeraey due to the consumption of imported clams. It would
appear that a sizeable number of raw clam consumers bellieved
that the 1982 outbreaks were local aberrations possibly due to
bootlegging, did not feel that the warning was Jjustified
and/or decided that the risk of this illness was acceptable.
Two conclusions can be drawn from the analyses of the
reported outbreaks of shellfishborne dimease. The firar 1s
that the number of cutbreaks and cases of shellfish-associated
gastroenteritis reported markedly underestimate the actual
number. The second is that the improvements In wastewater
treatment and reasource management which eliminated or markedly
reduced typhoid fever and hepatitis A outbreaks, respectively,
were conslderably less effective in preventing shellfishborme
gastroenteritis. Deficlencies In any of three components of
the Shellfish Sanitation Program could have been responsible
for the outbreaks -- the growlng area standard, current
practices whereby the standard is used in the classification
of growing areas, and enforcement of area closures. There is
ample justification to question both the growing area standard
and area classification. Nevertheless, the last deficlency,
the consequences of whilch would be the entrance of {llicitly
harvested, polluted shellfish into commercial chanpels, is all
too frequently used to explain disease outbreaks. The first
step to be taken in correcting this situation is an
epidemiological evaluation of the microblological growing-area
standard and its replacement, if necessary. This, in tura,
will provide the information neceasary to examine the
effectiveness of wastewater treatment and disposal strategles
relative to the potentlal for shellfishborne Infectilous
disease. The evaluation can only be conducted by a
prospective epidemiocloglcal study analogous to the ones
conducted with bathing waters. This 1s a critical research
need. An epidemiological program jointly sponsored by the
USEPA and NOAA has been inirlated to obtain the needed data.
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WATER QUALITY INDICATORS AND MONITORING STRATEGIES

Water Quality Indicators

The choice of the microbiological indicator gemnerally
affects the reliabilicy of the water quality standard, and the
oumerical limits govern ita restrictiveness. As noted in the
previous section, the existing recreational and, by inference,
shellfish fecal coliform water quality guildelines and
standards are not restrictive emough to reduce the risk of
swimming or shellfish-assoclated gastroenteritis to
spidemiologically undetectable levels {Cabelli et al,, 1982;
Cabelll, 1982). As seen from the correlation coefficlents for
the indicator levels in the bathing water against the rates of
swimning-assoclated gastroenteritis obtained in the bathing
beach epideaiological atudies (Cabelll et al., 1983), fecal
coliforss are unreliable indicators and the enterococcli are
superior to them in this regard. Two requisites of an
indicator bear upon its reliability. They are the extent to
which its survival characteriatica and sourcea correspond to
those of the pathogena of wost concern, the viral ageats of
acute gaptroenteritis and hepatitis A. The enterococci are
better than the fecal coliforms in both these regards (Fattal
et al., 1983; Dufour, 1977; Levin et al., 1975), although
there was an implication from one of the bathing beach
epldemiological studiea that, under conditions of prolenged
residence in the aquatic environment, the viral pathogens
survive better than the enterococcus indicators {Cabelli,
1981}, Some field data recently obtained in out laboratory
&re consistent with this suggestion (data te be published).

In thess studies, certain bacterial viruses (F male-gpecific
bacteriophages) consistently found in sewage in large nuabers
vere used as simulants for the viral agents in examining the
survival of the bacterial indicators relative to the viral
agents and to the conservative tracer, C. perfringens spores.
The survival of the phages was much better than that of the
coliforms and enterococel and approsched that of the C.
perfringens apores, -

Indicators of fecal contamination of the water rather than
the pathogens themselves have been used to index the potential
for infectious diaesse from wastewater diacharges, There is
aaple justification for doing so, although, as noted by the
author (Cabelli, 1978), there are liuitations to the use of
fecal indicators and the guidelines and standards based upon
them. Except for situations where there 1s direct
contamination of the environment with human feces,
microorganisms which are not necessarily fecal but are
exclusively and consistently present in wastewater discharges,
which do not multiply or propagate in the receiving water, and
which meet the other requirements, (e.g. their gurvival
characteristice) could also be used as health effects water

quality indicators. The male-specilfic bacteriophages may be a
case in point.
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There 15 yet another problem assoclated with the source
apeclficity of the indicator, and it has implications with
tegard to the treatment and lmpact of both rurzl and urban
stormwater run-off., To the best of our knowledge, the viral
agents of the swimming- and shellfish—associated diseases of
moat concern are only found in human fecal wastes.

Salmonellae have been recovered from the feces of a wide
variety of lower animals and have been responsible for disease
outbreaks via both transmission routea. From the history of
such ocutbreaka, however, it 1e clear that they were due to
gross contamination of the water with human fecal wastes; and
there is no evidence that salmonellosis has occurred via
either transmission route by contamination of the water with
the feces of lower animals. Clearly, the risk of diseage from
this source is considerably less than that due to
contapination of the water with human fecal wastes. This
notwithstanding, even the most fecal specific indicators used,
E. coll and enterccocel, are found in the feces of lower
animals as well as man, and, because of this, the risks of
disease from the two types of sources are equated in the
clagssification of recreational and shellfish-growing waters.
The consequences are the loss of the resource or treatment
and/or disinfection of sewered stormwater. The resolution of
this problem requires (1) data from epidemiological studies in
which the shellfish-growing or bathing water is subject to
appreclable contamination from lower animal but not human
fecal waates, (2) a human fecal-specific indicator, and (3)
some general guidelines on how monitoring data for waters
thusly contaminated can be used in thelr classification and in
selecting options for the disposal of sewered stormwater.

Classification of Resources

Hydrographic and meteorclogical factors, auch as tidal
conditions, currents, wind direction and velocity, and
ralnfall - especlally, as it affects stormwater run-off and
combined sewer overflows - generally produce considerable
variability in microblal indicator levels. Historically, this
has led to 90 percentile as well as median or geometric mean
linits on the indicator levels in the water, a procedure which
is conaistent with good public health practice. In general
the 90 percentile limits are more restrictive. All too often,
however, the 9 percentile limits have been ignored, the
nunber of samples used in area classification has been too
small for obtaining reliable 9 percentile values, and
statistical methods have not been used in arriving at the
values. The solution to this problem is the abandonment of
median or mean in favor of 90 percentile limita on indicater
levels in the water,

Although it is the shellfish that are consumed, their
sanitary quality is determined from indicator levels in the
overlylng water (USDHEW, 1965). Furthermore, while the
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molluscan shellfish in queation reside on or in the bottom
sadiments from which the viral pathogens could be accumulated
lomag after they are absent in the water column, surface water
samples are generally taken for the classification of
shellfish-growing areas. Aside from convenlence, there are
three reasons why this is dome. Two of them are attributable
to defects in the indicator used. First, at temperatures leas
then about 10 degrees C, the coliform indicators "disappear”
from quahogs, even from those in highly polluted watera as
seen from the coliform levels therein; yet,
shell fish-assoclated outbregks of hepatitis A and acute
gastroentaritis have been reported from temperate zones during
the winter {Cabelll and Heffernan, 1970}, Marked decreases in
the feeding activities of the animals (clamming-up, as it
were) followed by diffetential die-off of the fecal coliform
indicators relative to the viral agent i the best explanation
for this observation, A similar effect from marked decreases
in sslinity due to excessive freshwater inpute was probably
tesponsible for the 1973 outbreak of shellfishborne hepatitis
A (Portuoy et al., 1975). Second, total coliforms, fecal
coliformss and, under certain conditions, even E. coll can
wultiply in the shellfish, even in the interval between
landing of the shellfish and their delivery to the shipper
(8.A, Purfari, personal communication). The results of
studies comparing fecal coliform and fecal streptococci levels
in the shellfish to thoes in the overlylng water indicate
better survival of fecal streptococel in the shellfish
(Plusquellec, et al., 1984). Data from our laboratory not
ouly confirmed these observations but alac showed that the
virus levels in the shellfish -~ iu this case the F
sale-spacific bacteriphages — relative to those in the water
markedly exceeded those of both the coliforms and
enterococcl. In addicion, the phage lavels in the shellfish
axceaded those of the enterococci and fecal coliforms by about
one and two orders of wagnitude, reapectively, although the
levels of the former in prechlorinated sewage effluents were
considarably less then those of the latter two (Table 1),
Greater accumulation as well as survival of the viruses in the
shellfish relative to the bacterial indicators is probably
ueeded to explain the data. Any conclusious to be drawn from
these results, however esu that the accumulation
survival and elimination of the 8 in ghellfish simulates
that of the apecific viral agants that cause acute
fastroenteritis and hepatitis A. There are no hard data that
address thie queation., The a uisition of such data is
another critical research need since the levels of these
specific bacteriophages in the shellfish themselves could be
uud'r;: :ll:: :lassification of shellfish growing waters,

rd reason for examin the overl
than the shellfish {n the cl.an:zf‘fcation of gr%m':t::e::t::r
that different species of shellfish with differing abilities
to accumulate bacteria from their enviroument can be found in
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the same growlng area. If an indicator whose gurvival
characteristics better mimics those of the viral pathogens is
used, the solution to these problems could be the use of the
indicator levels in the shellfish themselves in the
claseification of growing waters. This would decrease the
variability due to tidal conditiona, at least, and probably
reduce the number of samples needed for classificatiom. The
system could be further standardized by conducting the asaays
on caged shellfish of a single species (e.g. mussels) placed
og the botton sediments for periods of 5-7 days. In any
event, there 15 a need for research on the sampling parameters
as well as the indicatora to be assayed in order to best index
the potential for shellfishborne hepatitis A and acute

gastroenteritia.

EFFECTIVENESS OF WASTEWATER CHLORINATION

It has been known for some time that, in general, animal
viruses survive chlorination better than do the colifora
indicatora (Scarpine, 1972), It has alsc been shown that
those bacterisl viruses, including the Fd and £-2 like
male-gpecific bacteriophages, which cap be assayed on the E.
coll strain Ki12 Hfr are present in chlorinated wastewater
effluents at appreciable levels when the colifora and even
enterococcus levels in the effluents are no longer detectable
or markedly reduced (Lupo, 1979). Subsequent studies showed
that this was due primar{ly to the survival of the F
male~specific phages In the sewage, espectally the
single-stranded DNA phages 1ike Fd (McBride, 1979). Data
recently collected in our laboratory from the examination of
effluents from a number of sewage treatment plants in Rhode
Island, Connecticut and Massachusetts confirmed that the
survival of the male-specific phages following chlorination to
total residual levels between 0.4 and 4.0 mg/Liter was
markedly better than that of the coliforms or the enterccocci
and was aot significantly different from that for Clostridium
perfringena {Table 2),

If the hepatitis A and gastroenteritis virusea are gimilar
to the male-specific phages in their resistance to
chlorination as practiced at wastewater treatment plants (the
answer to this question is a critical research need), radical
changes will be required In the strategles which are employed
for the treatment and disposal of wastewater discharged into
estuaries and embaymenta., Some very important information
that addresses this need has recently become available. From
the results of human volunteer, feeding studies, Keswick et
al. (1985) reported that the Norwalk virus was extremely
resistant to chlorination, even when the hypochorous acid was
applied to distilled water suspensions of the virus
preparation and total chlorine residuais of 1.5-20 mg/L were
obtained after a contact time of 30 minutes. “Inactivation”
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of the Norwalk virus was achieved, however, when total and
free chlorine residuals of 8-10 and 5-6 mg/L, respectively,
were maintained. As noted earlier, the Norwalk virus is the
agent most frequently implicated in outbreaks of acute
gastroenteritis. Two other findings are noteworthy.
Poliovirus levels were reduced from 10% to 0, while those of
the f-2 bacteriophage only decreased from II.(.'I6 to 104,

This phage ia the least chlorine resistant (McBride, 1979) of
the two groups of F male-specific bacteriophages for which
data were given In Tables 1 and 2.

The good correlation obtalned in the epidemiological
studies between enterococcus levels in the bathing water and
swinming-agsoclated gastroenteritis rates (Pigure 1) implies
that the chlorine resistance of the enterccoccl ls reasonably
similar to that of the gastroenteritis viruses, This may be
80, however, in most of these studies there were significant
inputa of unchlorinated sewage into the water. Thus, another
eritical research need is to conduct both ahellfish and
bathing beach epidemiological studies under circumstances
where only chlorinated wastewater discharge impacts on the
resource and where chlorination of the discharge is necessary
for the resource to meet the existing water quality guidelines
or standards. The need for such studies is urgent because of
large sums of mcney being spent on disposal ntrategles which
depend on chlorination to achieve acceptable indicator levels
in the receiving watera.

Alternative Wastewater Disposal Strategles

There are several wastewater treatment/disposal and
resource management optlons which could be used aa
alternatives to the chlorination of waatewater effluents; and
all of them have been exercised, i1f only in a research mode.
The abandonment of those resources where the risk of
water—-related illness would not be acceptable without
chlorination of wastewater inputs would probably not be a
satisfactory option in most cases. Wastewater treatment
syatens which physlically remove the viral agents as an
alternative to chlorination are possible but expenaive. The
use of alternative disinfectants, such as ozoune, which are
more effective against viruses (Katzemelsom et al., 1974) is a
second option., A third possibility, which could be exercilsed
when only a shellfish resource is affected, 18 relaying or
*raftine-depuration” of the shellfish resource. Since the F
male-gpecific bacteriophages are present in Bewage at
relatively high levels and are easily, accurately and
inexpensively enumerated, they could be uaed as & model to
evaluate the effectiveness of the alternative disposal
gtrategliea with regard to the elimination of the viral
agents. Rafting-depuration studies using the phages as
simulants for the viral agents also are needed, as are studies
on _the phyaical removal of the mimulants from wastewater
discharges and their inactivation by alternate disinfectants.
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Reductions in F male-specific bactericphage (viral simulant),
. spora, spterococcus, and E. coli levels
ollowing orination of wastewatsr sffluents at sevaga

treatment plaats.

Plant N t'.!ll.2 reaid? 3 for (logmpre—C12 —logmput-Clz) levals

type* {mg/L)} C. perfringens Phage” Entarococci E. golt
Pri,2A 5 3.7 2.0% 0.9%" 1.68™ 3.672"
Sec,4S S 3.6 0.525 0.447  3.600°" 3,007
Sec, S 2 3.1 0.491 0.611 - -
Prt 2 2.9 -0.026 0.264 - -
Pri 1 2.9 0.616 0.6%0 - -
Pri 2 2.4 0.286 0,466 - -
Sec,AS 3 2.0 0.735 0.479 2,456  2.415°
Sec,AS 1 2.0 0,171 1.268 - -
Sec, 7 2 1.8 0.864 0,936 - -

2 1.4 0.n7 0.750 - -
Sec,AS 5 1.0 0.640 0.406  4.04 "  A.027
Sec,.AS 2 0.85 0.030 0.040 3162 4.689°
Sec,AS 6 0,45 0.079 -0.089 1915  2.340™
Sec.AS i 0.00 -0.422 —0.451  -0.155  -0.070

0.592 0.601

= primary; Sec - secondary; AS - activsted sludge; TF - trickling
saratioa.

1.
riophages,

1) vith tI::l2 residusls > 0.45 mg/L.
ferent from C. perfringens at 95 and 99% CL, reaspectively.
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Another alternative to the chlorination, if chlorination
is found to be ineffective against the viral agenta, is
disposal of the effluents through relatively long deep ocean
outfalls, Although the excellent results obtained alomg the
Pacific coaat can not be expected along rhe Atlantlc coast
because of the differences in the length of the continental
shelf, the requirement for disinfection can be minimized, 1f
not eljminated, The effectivenesa of this option can be seen
from the data for the ocean outfalla (M-9 to M-13) along the
central coast of New Jersey as given inm Figure 4%, Although
all the discharges are chlorinated, it can be seen from the
comparison of C. perfringens spore densities at the shoreline
astations below and above the outfalla that disinfectiom of the
secondary treated effluents would be minimally, if at all,
required.

Ocean outfalls are a particularly attracrive dispoaal
optlon in those situations where combined sewer overflows into
estuaries and embayments are a problem and there {g not a
critical need for the water resource present in the sewage.
The use of this option doee not diminish the need for
pretreatment of industrial discharges to reduce their content
of anthropogenic chemicals to levels that are acceptable both
ecologically and with regard to public health. However,
because coastal waters generally are better able than the
estuaries to “assimilate™ nutrients and anthropogenic
chemicals in the wastewater discharges, the reductious
required may not be as grear, There are a number of estuaries
glong the Atlantic and Gulf coasts where this alternative to
chlorination would be applicable.

The cholce of the particular wastewater trestment and
disposal strategy to be employed depends on a number of
factors which vary both geographically and temporaliy. Theae
Include the need for using the water and possibly the
nutrients in the wastewater as resources, the avallability of
terrestrial dlsposzl sites, the extent to which the wastewater
i contaminated with industrially derived anthropogenic
chemicals, and, above all, the availability of funds. The
following four case studies serve as examples of the
importance of these factors, It is assumed in thege atudies
that wastewater disinfection as practiced ia only marginally
effective.

Cage Study - Hudson River Estuary. The problems which
confront New York City in the disposal of ita public wastes
aptly illustrate the importance of those consideratioans which
influence the selection of disposal options and suggest some
additional regearch needs for the next decade. The problems

*The data given in Figure 4 were obtaimed in 1980-81; the
characteriatica and locations of the discharge derived from
information obtained in 1980. There have been a number of
changes since that time.
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include the raquirement for disposal of wastes from a very
large urban population located oo an estuary aleng the
Atlantic coast, the urgent need for the recreaticmal resoutrces
located near the mouth of the estuary, the presence of
combined sewer systems, significant industrial inputs into the
gewerage system, and the acarcity of land for the disposal of
sollid wastes or sewage sludge., There alac are chronic water
shortages which probably derive in part, at leasat, from
unmetered water use, a situation which probably will be
corrected in the near future, During “dry years,” however,
the water shortages become acute,

The current program for upgrading sewage treatment
facilities to the secondary level as mandated by law coupled
with pretreatment of industrial effluenta as needed will
continue to improve the quality of water in the estuary,
although a aignificant potential for swimming and
shellfish-associlated infectious disease will remain 1f the
effluents are not adequately disinfected. Moreover, the
problem of combined sewer overflows is not resolved by such
treatment, and the quantity of sludge generated will increase.

Two alternative atrategles are avallable; in both, the
effluents are physically removed from the eatuary. The first
tequires pretreatment of industrial iaputs and sufficient,
advanced treatment of the wastewater to produce an effluent
whose quality is suitable for land disposal and compatible
with immediate recreational use and subsequent use a8 a raw
source of drinking water, It would be the ideal option with
regard to ecological and public health considerationa since
the discharge would be removed from the eatuary and the
quality of the effluenta would be such that the free chlorine
residuals needed for efficient deatruction of the viruses
could be achfeved. Considerable progress has been made in the
development of the required treatment systema since the Santee
Project (see Shuval, 1977). However, during the next decade,
at least, the problem of combined sewer overflows probably
will not be solved; and the capital and operating coats of
such a water reuse system probably could not be justified,
aspecially if there is to be enough reserve capaclty to
accommodate combined sewer overflows, Thus, it muat be
assumed that, in this case, such treatment syatems are not yet
cogt-effective enough for competition with other wastewater
diaposal options. This could be altered by two changes; a
critical need for the water resource or marked increases in
the restrictiveneas of the standards for the recelving
waters, Since this is unlikely during the next decade, it 1s
doubtful that this option will be exercised. Nevertheless,
this may be the disposal option of cholce during the early
part of the next century; and research need to be continued
during the next decade towards making such treatment systems
more cost-effective using the tools of sanitary, hiological

and genetic engineering.
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Another disposal optlon is the gathering of the secondary
treated effluents, or possibly even those treated to the
primary level under a 30L(h) waiver, from the various
treatment plants by a system of undergroumd sewerage lines for
disposal via a submarine outfall extending some 16-20 km out
from Coney Island to the Christiaensen Basin. From there, the
gollde, at least, would be carried out the Huduwon Shelf Valley
towards the continental shelf (Cabelli et al., 1984). This
option would resolve the problem of combined sewer overflows,
teduce the degree of treatment required, virtually eliminate
the risk of awimming-assoclated enteric dilsease without
recourse to chlorination, and reclaim shellfish and
recreational resgurced In and sround New York City, Three
other sources of pollution Into the estuary would also have to
be eliminated or markedly reduced with this and the preceding
option. They are wastewater and/or industrial discharges into
the estuary north of New York City, those discharges from
comaunicies oo the west bank of the estuary, and those due to
@mall pleagure and commercial boats and large sea—going
vessels. The technology for this disposal optiom is
available. The cost would be high but possibly jusctiflable
when all the benefits are considered, especially the
elimination of the costs of advanced or even secondary
Wastewater treatwent and disinfection. Furthermore, this
suthor would have alliowed sludge dunping to continue at the 12
mile New York Bight sewage disposal gite if the additional
funde to be spent oo transport to the 106-mile aite during the
next decade or so were used to lmplement this wastewater
disposal option.

Case Study - Narraganaett Bay Estuary. Many of the same
problems which complicate wastewater disposal in the Hudson
River Eutuary also pertain to the Narragansett Bay Estuary.
There are two notable exceptions. Firet, in the latter
eatuary, the size of the population whoee wastes are
discharged therein 1s auch smgller, Second, there are very
valuable and economically fmportant Tecreational, shellfish
and bosting resources within the eatuary. Since there is not
4 critical need for the water Tesource, the cost of the
ddvanced wastewater treatment systems needed to achleve this
end probably can not be justified. However, because of the

lmportance of the estusripe Yesources, the removal of the
vwadlewater discharges from the es

1oduced combined gewer overflows is
rElw.- establishsent of a "conditional harvesting area.” In
arragansett Bay, the conditional area contal '
avallable shellfish resource. s menr ue
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of 1.27 em. This interval of time is sufficient for the fecal
coliform levels in the water and the shellfish to return te
bage-line conditions; and it iz assumed that this is also true
of the pathogens. Recent information obtained in our
laboratory using the bacterilophages as simulants for the viral
pathogens suggest that, with regard to virus levels in the
shellfish, the assumption may be in error, at least durlng the
winter when the feeding activity of the animals is minimal
(see Table 1). As noted above, the costs of constructing the
sewerage lines and submarine outrfall would be high; but the
econonic benefits would be relatively greater than those in
the Hudson River Estuary. In addition, the same loducements,
301(h) walvers, could be made available, at least for a decade
or so. Finally, it would seem that a society that is willing
to spend billions of dollars on roads te transport individuals
in, around and out of our urban and suburban centera could
also afford to treat and transport the wastes we produce to
locations where they will be less harmful and better
assimilated. To the extent that the costs of conatructing
such sewerage systems and submarine systems can be reduced,
this is a techmological Tequirement.

Case Study - Southern California Bight. Because of the short
continental shelf, discharge through long, deep ocean outfalls
ig an attractive, relatively inexpensive, ecologically
reasonable and acceptably "safe™ option for the diaposal of
secondary and even primary treated effluents generated by
coastal communities in Southern Califoraia. Southern
California, however, has a chronlc shortage of fresh water for
domestic consumption, industry, agriculture and recreation.
Thus, the hundreds of million gallons of wastewater effluent
discharged dally into the ocean 18 a much needed but lost
resource. It would seem that the costa and control measures,
notably those on the input of fndustrially derived
anthropogenfc chemicals, needed to produce effluents of
sufficient quality for land application can not as yet be
Jjustified economically. More research on cost-efficient
Bystems to accomplish this end is needed. Coupled with this
public health requirement is a second oue, the need for
methods which would reduce the levels of infectious agents in
the effluents to those which would not preclude their
immediate agricultural and recreational use.

Case Study - Sludge Disposal, The three marine sewage sludge
disposal areas in the United States studied most extensively
are the New York Bight (12 mile), Philadelphia and Southern
California sites. 1In the first two instances, the sludge 1is
barged to locations some 25 and 85 kilometers offshore into
the Pacific Ocean. By court order, sludpe disposal was
terminated at the Philadelphia site several years ago and will
be terminated at the New York Bight disposal area shortly.
There 18 no epidemiclogical evidence that sludge disposal at
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any of the three sites has produced human disease. The
potentisl for swimming-assoclated disease at beaches along the
Mew York dight referrable to sludge diepcosal at the 12-mile
sita was examined with negative findings (Cabelll et al.,
197¢; Cabelll, 1982). When the C. perfringens spore levels in
the bottom sediments were used to examine the movement of
facal pollution from the dumpsite towards the shore, it was
found that this possible source was dwarfed by those emanating
from tha shoreline, notably the Hudson River Estuary (Cabelll
and Pedarsen, 1982; Cabelll et al., 1984).

i1t sust be concluded, therefore, that the decision to
close the two dumpsites derived from concerns over ecological
effects, assthetics and lost resources, including surf clams
and ocean quahogs which could not be harveated because of
public baslth~based shellfish area closures. The benefits to
be derived are unmistakable and would seem to Justify the
decisfon. There are, however, two factors to be considerd,
both of which have public health implicationa.

Most of the sludge formerly disposed at the Fhiladelphia
site 1s traated further (e.g. compoating) and applied to land
in cue way or another, To the extent that the sludges cootain
sathropogenic chemical inputs, this option may not be
preferable to more widespread, and presumably less
toacentrated, dispersal in the ocean unless other means are
found for the disposal of sludges which are unacceptably
contaminated. On the other hand, a long-term benefit would be
obtained if the decision to terminats disposal at thia site
laads to wore axtensive pretraatammt of Industrial inpute
because of wore rather than less stringent public health
requirssmnts on the “quality” sludges applied to land.

There 13 constidarsble logic beyond that which is
immediataly obvious to recommend tha cpening of the aludge
disposal aice off the contivental shelf (the 106-mile aite)
concurrent with the termtnatioa of disposal at the New York
Bght sita. The Availability of the 106-mile site for the
disposal of maccaptably contaminated sewage aludges from the
sagalopolias batwaen Boston, MA and Washingtoa, D.C. should
4llow more stringeat Tegulations on the quality of the sludges
4pplied to land. Ou the other hand, the increased
STRQSpOrtation costs for disposal at the 106~mile site should

could be done only with regard to priorities, timing and ’

strategy. Constdering the Very intractable

problem of
combined sewver overflows in the Hudson River Eatu.aryo would
the additional funds useded for transport of d
106-mile site over the aext decads or sg he
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administrative needa. The first is better communication
between the various arms of the regulatory agencies. The
second 1s a mandate to these agencies of & mandate to effect
trade-offs such as this when a net environmental benefit would
be obtained. The avallability of wastewater treatment systems
which are less expensive than conventional secondary
treatment, yet effective enough for ocean disposal and the
granting of 301(h) waivers in such casea would provide added
financial inceatives for removal of effluents from the
edtuaries.

THE ATTAINMENT OF FISHABLE AND SWIMMARLE WATERS

There 18 no question that all ogur estuarine and cosstal
waters ultimately could be made both swimmable and fishable.
There are two more relevant questioms, however. What risk of
unwanted health and ecological effects would allow the waters
to be designated as such, and how much is the public willing
to pay both monetarily and in convenience {e.g. the land
disposal of small boat wastes) to obtain incremental decreases
in these risks? Once a decision has been made as to what risk
of water-related Infectlious disease is acceptable, it becomes
necespary to allocate the corresponding wasteload as measured
by the appropriate water quality indicator among the potential
sources of contamination and to deflne the appropriate
treatnent, disinfection and/or disposal strategy for each
source {see Cabelli, 1983b). The most cost—effective way to
accomplish this is through & site-specific transport model
which considers both the biological decay of the indicator and
its sedimemtation along with the dilution parameters. The
model musat also be able to accommodate multiple contamination
sources and be sensitive enough to budget wasteloads against
water quality standards which are rather exactiog in their
regulatory application (e.g. the existing 90 percentile
shellfish-growing water standard of 43 fecal coliforms/100 ml).

The author's rather limited experience has been that
predictive modela which satiafy all these requirements are
wnavallable, although considerable research has been dome
towards their development. A frequently used alternative to
the uase of guch models has been the employment of “stream
standards”™ as the effluent standarde. The reduction in the
indicator level needed to meet this requirement 1s achieved by
chlorination of the wastewater effluents. This is consistent
with good pubiic health practice but should, in theory at
least, lead to the unoecesgary loss of valuable resources. In
practice, the reductions in the downatream indicator levels
predicted from those in the post-chlorinated effluents are not
obtained at times because of so-called “regrowth” of the
indicator. It would appear that this is largely due to
environmental repair of chlorine-damaged cells, Field data
being prepared for publication, in which €. perfringens spores
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wars used as a comservative tracer, suggest that the
effectiveness of wadtewater chlorination on the enteroccus and
califors indicators is overstated by the use of methods which
do uot recover the damaged cells from the post—chlorimation
wastewater effluents. Better methods for the emumeration of
bacterial indicators in chlorinated sewage effluents is
another research need.

One of the problems with the models is the absence of
reliable, site~specific biological decay coefficlents for the
indicators (nee Chamberlin and Mitchell, 1978). The
development of technology for obtaining them is another
ragearch need. There is a diastinct possibility that, because
of the vicissitudes of transport as they affect the microbial
indicators, predictive models which satisfy the requirements
for microbial wastelosd allocation will not be available in
the foressesable future, although their development is another
research need, Moreover, the hedge, as 1t were, provided by
wastewater chlorination may not be as effective as thought.
The needed response seems to be flexible treatment and
d.‘l.lEnJ. strategies which permit incremental increases in
4 affectiveness as required.

As noted eariier, it has been more than a decade since the
Clean Water Act was enacted to accelerate the improvement of
our envircoment. The cost-effectiveness of what has been
accomplished in achieving the goals of the legislation with
regatrd to public health and improvements still required need
to ba examined., The research ueeds amsociated with this
rejuirsment are some monitoring parameters, which are indexed
80 _that they can be easily understood and which are amenable
W yals (0'Connor and Dewiing, 1986), and
ut:u;:ammd coastal monitoring and assessaent Pprograms which
saploy .
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Gaps in our Knowledge
of Sle Biogeochemi
Processes Governing
the Fates of Toxic
Compounds Discharged
to Coastal Seas

Philip M. Gschwend
Massachusetts Institute of Technology

I. INTRODUCTION

The goal of this report is to list the major processes
governing the fate of waste chemicals in coastal regions and
identify what I think are the major gaps in our knowledge
regarding these processes. These areas of ignorance are
sufficlently obvious now to recognize but are “difficult” enough
8o that I don't see solutions appearing soon: hence my attempt to
identify research needs which we must be attacking by the year
2000.

Let me briefly set the scene as I see it: (1) it {s the year
2000, and (2) mankind has wisely removed large quantities of
industrially-derived toxic substances from our waste streams by
simply not ever pouring these compounds down sinks and sewers.
Bogton and other "recalcitrant” municipalities have upgraded
their treatment factlities, thereby reducing the hazardous load
of our waste streams still further. However, we will likely have
extended the polnts of discharge further and further from shore,
and as a result directly affected more and more of the coastal
zone, Since populations will be greater, it is likely that
larger volumes of material will be released. 1In spite of our
progress with respect to managing hazardous wastes, organic
toxicants will still be present: polycyclic aromatic hydrocarbons
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{PAH) from combustion and worn auto tires, haloforms fronm
chlorination side reacrions, blocides aimed at our never-ending
battles with cockroaches, vermin, etc.

Given this scenario, wastewater discharges may continue to
be the source of a spectrum of concerns illustrated as a rising
plume in Figure 1. On the first level, we can imagine several
broad issues. For example, by releasing incompletely decompesed
organic matter we will be fertilizing coastal seas. This
addition of nutrients is not necessarily bad, but may lead to a
degree of eutrophication. Thus non—toxic inputs may have
undesirable effects too. Another broad issue invelves the
addition of quite massive loads of water and solids to small
areas, thereby potentially physically modifying these locations.
One of the most dramatic examples of this type of problem 1s the
mound of cohesive muds accumulating in the New York Bight as the
result of barge releases. These deposits have clearly altered
the benthic habitat in this region, Finally, we will stili need
to assess the toxic effects on the blota arising from the
discharge of hazardous substances which we have not been able to
eliminate from our waste streams.

The broad issue of toxlc effects gives rise to numerous,
more focussed concerns, identified in Figure 1, level 2 by
keywords acute, chronic, behavioral, synergistic, and
ecosystem. Clearly the effects may be important onm divergent
timescales (acute vs, chronic) and widely different biological
scales (individuals vs. combinations ve. ecosystem). This is
certainly an important set of issues, and T doubt anyone would
debate the need to combat our ignorance here. However, as a
prerequisite to estimating the hazards posed by chemical
substances, we must be able to gquantify the exposures of
organiams to these toxicants.

This exposure prediction task leads us to the need for
modelling the fate of chemicals introduced into coastal seas.
Fate modelling attempte to estimate the concentrations of
chemicals at various places and at different times after
discharge., Tremendous progress in the area has been made in the
last decade or so, and these advances have come chiefly as a
direct result of distingulshing the individual processes which
cause a chemical to mave about or disappear altogether from an
aquatic environment: volatilization, scrption, bieaccumulation,
thermochemical transformations, photochemical reactions, and
blologically mediated degradations (Figure 1, level 3). Each of
these processes can be viewed as operating in tandem with the
rest; by describing them individually as a function of chemical
and environmental properties. We can eventually combine them to
calculate their effects on the fate of pollutants., While this
systematic approach has enabled us to direct our sclentific
efforts to understand each of these individual processes, three
gaps In our knowledge may prevent us from accurately applying
this modelling framework to estimate toxic effects of coastal
discharges.

I. We need to know what ingredients or agents of the
environment govern the intensity of several of the unit
processes; these must be quantified and the factors causing their
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abundance to vary must be understpod.

2. We need to include the impact of temporal inhomogeneity
~ or eplscdic events — even CATASTROPHIC events (e.g.,
hurricanes} in our thinking and modelling; and

3. We need to consider unique aspects of coastal reglons,
and not to expect we can fully rely on our knowledge of processes
from lakes, rivers, and open ocean sites,

For the remainder of this discussion, I hope to exemplify
these needs - yet even as I point to our ignorance, I do not want
to diminish the amazing breadth of knowledge regarding
biogeochemical processes which we already have. Let me
re~emphasize, a systematic approach to fate modelling is rapidly
evolving in which scientifically based descriptions of individual
processes affecting chemicals In aguatic environments are used.
This modelling approach 1s particularly flexible in that it can
be readily applied to new chemicals and new environments as the
need arises., Generally we know the ldentities of the i{mportant
individual processes, we know much about how the properties of
the chemicals can be used, and we can commonly solve the “"steady
state” or "regularly varying” governing model expressions that
result.

II. TYPICAL GAPS IN QUR KNOWLEDGE QF FATE MODELLING IN COASTAL
SEAS

#1: Active Agents

Insofar as organic compounds are involved in reactions in
coastal seawater, we often have very poor knowledge of the actual
reagents present in the environment which instigate these
transformations, Presently three unit processes are particularly
difficult in this regard: redox reactions, Indirect photochemical
transformations, and biologically medizted degradations.

We know that many organic toxicants, which are stable under
oxic conditiecns, are rapidly transformed under reducing
situations. "Who done 1t?" is a very critical issue 1f we're to
predict where, when, and how much these transformations will
occur in new circumstances., A parallel problem exists in the
area of indirect photochemical transformations, A great deal of
light energy is soaked up by the sea, resulting in the formatien
of numerous highly reactive species {e.g., singlet oxygen,
hydrogen peroxide); currently the abundances and variations of
these environmental reagents are not well known., Finally, it is
clear that microorganisms transform many organic materials,
but which organisms or combinations of organisms remains
unclear. Furthermore, accurate appreoaches to quantify this
activity are currently unavailable. Thus, prediction is
difficult, at best.

Allow me to briefly develop these observations. It has long
been observed that toxic chlorinated compounds such as lindane,
DDT, aldrin, or toxaphene are degraded in heterogencus reducing
conditions (e.g., Figure 2; Hill and McCarty, 1967; Parr and
Smith, 1976). Generally the conclusion has been that anaerobic



microorganisms are involved, yet there are doubts since poisoned
controls (e.g., lindane and aldrin in Figure 2a) alsc contain
some activity. Several recent observations suggest these
transformations may be through abiotic chemical reactfions
occurting as a consequence of the biologically lowered media Ep
{e.g., note correlations in toxaphene losses in Flgure 2b).
Tratnyek and Macalady {1984) have shown that many compounds are
rapidly transformed by supplying electrode reducing power;
Roberts (personal communication) has accomplished much the same
thing with reduced metals in our laboratory. Which environmental
chemlcal agents are sufficiently reactive to interact with
organic pollutants and how abundant these reduced species are in
anoxic coastal muds remains unknown, 1 must know this to predict
new reactions of related organic compounds and thelr rates.

When we turn to reactions which occur due to the instigation
of the energy of light, we have a similar difficulty identifying
and quantifying the environmental reagents involved. Gelbstoff
(or yellow organic stuff) has long been recognized as an
ingredient in ratural waters. Clearly some of thia
nmacromolecular organic matter (labelled "?” in Figure 3) absorbs
light energy and to some extent passes this energy to other
substances: including singlet oxygen (102), peroxide (H,05), and
hydroxyl radical (OH) (Zafiriou et al., 1984). All of these, and
likely many others, are very good oxidants - hence, they
typically react with organic solutes. However, the important
photochemically-derived reactants In seawater are poorly
characterized (and hence their breadth of reactivities), The
concentrations of the gpecles which have been studied can only be
egtimated in terms of orders of magnitude; this is not surprising
when you realize that OH radical is present at roughly l0 parts
in a billion billions!

Firnally, quantitative treatments of biodegrading
capabilities are presently pecorly known. Measures of organism
abundance and activity serve inadequately as predictors.
Bartholomew and Pfaender {1983) assessed chlorobenzene
degradation in water samples from an estuary and coastal region.
If biological removal occurs and can be modelled using
Michaelis-Menten kinetics, the maximum rate (Vpg,,) of
chlorobenzene removal should correspond to the numbers of
organisms present. Plotting these observed Vpsy results vs.
microblal abundance determined by acridine orange direct counts
(AODC) and colony forming unit {CFU) approaches (Figure 4a), they
could not see any strong relation. Although the data is not
particularly abundant, more recent observations don't
improve the correlations. One may argue that AOBC or CFU
approaches do not quantify the abilitfes of the microbes living
in theee waters, but activity measures of these microorganisms
have also proven not too informative, as shown Iin data from
Wakeham et al. (1984) on toluene degradation (Figure 4b). We
need some way to enumerate the bliological "reagents™ which
control the removal of toxic compounds such as chlerobenzene or
toluene.

To summarize here - "Who done 1t?” and "What factors control
these agents?” In the processes of redox, indirect photochemical,
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and biochemical reactions, must be determined to allow predictive
fate modelling.

#2: Episodic Events

Commonly, unit processes affecting organic pollutants can be
understoed in a predictive manner when the environmental reagent
15 known and its abundance remains essentlally constant or
regularly varying (e.g., diurnal light avallability). Twa
examples of this are found in the Eransport unit processes:
veolatilization and sorption. When we set up a laboratory
experiment with constant wind blowing across a beaker or flume of
water containing volatile organic compounds, we can already do a
pretty good job of estimating the air-water exchange rate which
will remove the chemicals from the water. Similarly, 1f 1 set up
a laboratory experiment in which T mix a known quantity of
sediment with seawater containing a polycyclic aromatic
hydrocarbon (PAH), I can do a good job of predicting how much PAH
will sorb. 1In hoth of the laboratory instances the key
ingredient which 1s often missing in the real world is the
constancy of conditions, whether it be a steady wind or a
constant solids—water mixing ratto.

Unfortunately, from the point of view of modelling, the
world is not “steady” or even “regular”. The first example of
the “episodic” nature of the real world involves the wind - a
critical environmental condition controlling volatilization in
many Instances and one which any of us knows varies in time and
space, How does this variation effect volatilization?

Peng and his co-workers in the GEOSECS program (1979) have
some real-world data to address this point. By measuring
Radon-222 in the sea, they could deduce the rate volatilization
of this inert gas or the thickness of the boundary later
inhibiting exchange at various sites in the ocean. From cur
theories and constant~conditions laboratory experiments, we know
that at steady state the rate of removal should be directly
related, and the boundary layer thickness must be inversely
related, to the wind speed. Comparing the predicted (from wind
speed observations) and observed (from Radon-222 depletion) data,
we see the piston velocity (a measure of volatilization rate)
scatters widely as a function of wind (Figure 5a) and the
boundary layer thickness controlling air-water exchange doesn't
change nearly as extensively as would be predicted from the wind
data (Figure 5h),

The problem doesn't really lie in the theory, but rather in
the assumption of constant wind at any site. By monitoring wind
at a single oceanic station for almost two months, one can see it
varies greatly on a timescale of days (Figure 5h). The
volatijiization timescale removing chemicale from the mixed
surface layer of the sea is roughly a month, Consequently, using
wind data we find that the predicted volatilization effect is
much more scattered than the observed effect. This relatively
episodic nature of wind and the ability of the water column to
react obviously must be considered before accurate air-water
exchange predictions can be made.
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1 think an even more dramatic example of non—steady events
governing pollutant fate involves the combination: cohesive
sediments and violent storms. Due to their affinity for natural
organic matter, many undegirable organic pollutants such as PAH
and PCB's end up...more or less stored in muddy silts. If we
take some of that sediment into the lab and suepend it in water,
we can generally predict the release of pollutants to the water.
However, in the real world cohesive sediments are not
conslstently exposed to the water column. The question is when,
1f ever, will they be resuspended?

Some recent data of Sternberg and Larsen (1975) exemplify my
concern on predicting resuspension. By monitoring factors such
as current velocity and wave height at a shelf station over a
course of about 2 weeks, they hoped to correlate these physical
forcing factors, which common sense indicates must cause
sovements of bottom sediments, with resuspension events. Their
data (Pigure 6) shows how difficult 1t will be to quantitatively
predict resuspension at that sitel Periods with the same wave
heights do not result in the same water column turbidities, and
the variations in current velocitles bear no relation at all to
resuspension. The bottom line is no one knows quantitatively
what it takes to resuspend natural cohesive sediments...yet we do
know that when they are lifted from the bottom and held in
suspension & few hours to dsys, tremendous releases of
hydrophobic pollutants should occur. Thus the incorporation of
rare or catastrophic events, as well as short-term episodic
changes, should enter our thinking and predictions of the fate of
organic pollutants.

#3: Special Characteristics of Ceastal Regiong

Many people, including myself, focus closely on the
individual unit processes with the belief that these processes
work more or less the same in all aquatic environments be they
groundwater, lakes, rivers, estuaries, or oceans. We assume that
to the extent processes guch as volatilization differ in various
aquatic environments, we can tune the process descriptions for
the envircnment of interest. However, this is not always correct
- indeed sometimes things may work very differently in coastal
regions.

The most obvious thing that works differently at coastal
sites is public opinion . While relatively little attention and
interest ia focussed on the processes in the open ocean, coastal
issues are frequently in the headlines {(e.g., Boston Globe
headlines regarding pollution of Boston Harbor and siting of
future sewage discharges).

Or a more scientific theme, there are some obvious and
possibly not s0 obvious reasons to think the coastal ecosystem
responsae to pollutants may be markedly different than other
aquatic environments. Regarding the process of volatilization,
1t is unclear whether forcing by wind {assumed controlling in the
ocean), turbulence due to current/shallow depth interactions
(assumed controlling the streams and tivers), or breaking waves
and the resultant bubble injections (generally neglected) is the
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most important factor driving gas exchange in coastal regions,
Insofar as transpore of pollutants in asseciation with particles
1s concerned, the high ionic strength of seawater leads to
contact interactions between particles and their congequent
coagulation and sedimentation, unlike the situation in freshwater
environments where particle surface charges prevent collisions
and therefore flocculation, Additionally the shallow nature of
coastal regions allows ready contact between the entire water
column and the sediments, is obviously distinguishing from open
ocean sites, and therefore particles wust play a more important
role nearshore.

Some reaction process differences may regult from the unique
organisme such as macroalgae living in coastal regions. For
example, we know that harvesting of light by chromophores is the
primary process driving photochemical transformations, Although
it is true we can not uniquely define all the chemicals
responsible for light absorption in any natural waters, we do
know there are major compositicnal differences between freshwater
and open ocean seawater (Figure 7), and this should result in
different light absorption characteristics. Presumably the
coastal zone contains a mix of these materials AND Iight
absorbing substances released by macroalgae, such as
polyphenols. Carlson and Carlson (1984) tecently provided data
suggesting that these phenols contribute a great deal to the
dissolved organic load of seawater in the Gulf of Maine. Since
these compounds are excellent light absorbers and are very
reactive, thelr presence could have important ramifications to
ceastal zone biochemistry,

In another example, we have recently demonstrated (Gschwend
et al. 1985) that temperate macroalgae release a variety of
halogenated organic chemicals to the coastal seawater here in New
England (Figure 8), One hypothesis that ariges from this finding
is that marine micreorganisms, leng exposed to these halogenated
metabolites, may have evolved enzymatic apparatus to degrade
these and similar compounds! Thus the biochemicsl capabilities
of the coastal marine biota may be significantly different than
those found In freshwater and open ocean waters,

The botton line 1is: due to special characteristies and
cembinations of characteristics, coastal seawater needs to be
thought about in terms of its unique nature.
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4 4

‘n conclugsion, let me refterate the three AREAS requiring
'ular attention before we can accurately describe

ichemical processea and their effect on chemicals discharged
istal seawater:

.« Who done 1t? How do we quantitatively describe the

‘als or organisme affecting the processes with which we are
‘ned?

‘e How can we fncorporate eplasodic processes which control
mmental rates on the important timescales?

s+ Have we conmidered all the special qualities of the

11 seas especially those resulting from the unique

mtione of chemicals produced and consumed there?

‘hese issues will require new approaches to quantify some of
igents” deternining the fate of organic compounds. We will
‘o develop non-steady state models and improve our knowledge
t physical processes in natural waters respond. We will

‘0 use common sense and &4 continuing senee of exploration

re think about coastal aeeas.

e have made a geod beginning, but more work must be done.
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discharged to coastal seawater; upper levels are
limited to problems involving assessing effects
of toxic compounds.
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Innovative
Approaches to the
Detection and
Measurement of

Marine Pollutant
Impacts

Robert P, Eganhouse
University of Massachusetts, Boston

1. INTRODUCTION

Recent estimates place the direct input of municipal wastes
to 1.5, coastal waters at approximately 3.6 % 1012 liters yr-1
{Myers, 1983). If current trends continue, increasing amounts
of these and other effluents can be expected to enter the near-
shore marine environment in the future. Accordingly, sensitive
and accurate methods will be needed to evaluate the efficacy of
waste disposal vis-a-vis the protection of important marine
resources.

Because many of the most toxic constituents of municipal
effluents are strongly associated with particulate matter, the
probTem is Targely one of dispersal. Methods for the detection
and measurement of waste impacts should, therefore, be capable
of providing information not only on the initial dilution at a
discharge site, but also the spatial dispersion of waste mate-
rials in the far field. Under ideal circumstances, wastes would
be rapidly diluted and advected away by currents such that no
accumulation in the underlying sediments could occur. This
behavior is rarely, if ever, observed for large coastal dis-
charges. Instead, the sediments act as a sink for waste partic-
ulates as evidenced by the buildup of contaminants near many
outfalls and dumpsites (cf. Figure 1).
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Figure 1.

Distribution of organic carbon in surface sediments

of the San Pedro Shelf, California (after Sweeney et al., 1978).

Aside from their obvious value as a monitoring medium, the
sediments are of interest for other reasons. In particular, the
presence of Tlarge amounts of organic matter and various toxicants
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has an important consequence. It impeses rather severe limita-
tions on our ability to predict and verify the fate of wastes at
sea.

Because municipal wastes result from man's activities, their
disposal on 2 Targe scale usually takes place in the rivers,
estuaries and coastal waters adjoining major urban centers. This
introduces a second problem - that of differentiating environ-
mental contamipation due to sewage from contributions made by
other sources.

For example, toxic substances such as the PCBs (polychlorin-
ated biphenyls), petrcleum hydrocarbons and chlorinated pesticides
all enter the ocean via several routes other than by discharge of
municipal wastes (e.g. urbar runoff, rivers, discrete industrial
releases and atmospheric transport). Compositional differences
between inputs may or may not exist before mixing occurs. However,
once scrambling of the various inputs on a molecular level has
occurred, the resultant mixture presents a formidable challenge
to the analyst, particularly if his goal is to determine the
contribution made by cne input to the sediments. The problem
is further aggravated by compositional alterations that attend
environmental exposure as a result of numerous physical and chemi-
cal processes. Important indicator compounds may be removed and
source-related homolog and isomer patterns destroyed. In the face
of these difficulties, the organic geochemist has but two options:
1) to carry out a detailed input assessment or ?) use waste-
specific tracers.

In the former approach, concentrations of targeted pollutant
species must be determined in all significant inputs over time
periods spanning the discharge history of each compound. As
illustrated by Figure 2, in cases where multiple inputs exist,
input assessment is cowplicated by the fact that numerous spatial
and temporal parameters intrinsic te each input must be considered.
Thus, extensive sampling on various time scales would be necessary,
Otherwise, humerous assumptions of dubious validity would have to
be invoked. Generally speaking, information of this type and quan-
tity is simply not available, and the cost of obtaining it on a
continuous basis would doubtless be prohibitive, Furthermore,
establishing a connection between the mass emission rates of a
specific pollutant from various inputs and jts abundance in sedi-
ments would be difficult. In short, input assessment is an
indirect approach that is both expensive and fraught with un-
certainties.

The alternative, that of using waste-specific tracers, is
direct and simple in concept. A substance or chemical character-
istic of a given effTuent is used as a passive chemical tag.
Measurement of this substance (or characteristic) in the environ-
ment permits one to infer, and hopefully quantify, the presence
of waste material in the sample. In order for the full potential
of this approach to be realized, however, a tracer must satisfy
several rather stringent criteria.
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may have adverse consequences for the benthic organisms that live
in direct contact with them. Pelagic species can also be impacted
by absorption of dissolved substances released from sediments, by
direct ingestion of suspended sewage particles and/or by transfer
of waste-derived toxicants through one or more trophic levels.
In any case, the monitoring methods of the future will have to
be capable of detecting and quantifying the accumulation of
wastes and assocjated pollutants in both sediments and biota.
This paper assesses the advantages and limitations of

several promising approaches to the problems described above.
These methodologies are in the earliest stages of development
and have yet to be tested carefully in the field. Although the
technology for evaluating their utility has existed for some time,
progress toward implementation has been slow. As will be shown,
this is largely due to the fact that the organic chemistry of
wastes and the fate of ocean-discharged sewage have received scant
attention. The aim of this paper is to stimulate discussion on
ghese and other11nnovative monitoring methodologies. While the
ocus here {s clearly on organic constituents of municipal wastes,
the general principles shouia apply equally to inorganic species
and industrial wastes.

2. DETECTING THE PRESERCE OF WASTES AT SEA

Overview of the Problem

As mentioned above, several problems have impeded the
development of methods for detecting the presence of wastes in
the environment. Not the least of these is our limited under-
standing of the composition of sewage. Municipal effluents
comprise an exceedingly complex assortment of substances derived
from a multitude of human activities and products. In addition,
certain compounds such as volatile halogenated organics, can be
generated in situ during the treatment process itself.

Although it has been varigusly estimated that ca. 10-15% of
the organic constituents have been identified, this estimate
should probably be regarded as optimistic. Most of the identi-
fied substances are species readily amenable to separation by
high resolution gas chromatography and structural elucidation
by mass spectromelry and various ancillary spectroscopic tech-
niques. (Many organic pollutants present in wastes at trace
levels, for example, fall into this category}. However, the
vast majority of the organics in sewage are efther high molecular
weight substances having complex structures (e.g. humic sub-
stances) and/or they are non-volatile {(Rebhun and Manka, 1971).
In either case, they are difficult to separate and analyze.
Thus, the complexity and analytical intractability of wastes may
Targely account for the lack of data on their organic chemistry.
The fact that virtually nothing is known about effluent-to-
effTuent and temporal variations in the composition of sewage
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Figure 2. A schematic representation of the main elements
involved in the delivery of organic matter to the ocean.

Requirements of a Waste-Specific Tracer

It is useful to distinguish between the terms "marker” and
“tracer" as these are commonly used in the literature. Both
suggest a direct link between source material (e.g. sewage) and
sink {e.g. sediment); however, when observed in a sample, the
former can be used only to infer the presence of the source
material. A “marker" is, thus, a qualitative tool. A "tracer",
as defined here, should be applicable in a quantitative sense.
The measured abundance of a tracer in a sample can, in principle,
be used to directly estimate the amount of the source material
present.

Regardless of the source material or the parameter used, all
tracers must satisfy three fundamental regquirements. First and
foremost, they must be source-specific. This means the tracer
must be present in (or characteristic of) only one source material
or it must be vastly more abundant in one source material than any
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others likely to be of quantitative importance. Because quantita-
tion is desired, the tracer should not be produced in situ follow-
ing introduction of the source material to the environment.
Presumably this could occur by specific transformations of one or
more precursors to the tracer itself,

Secend, the tracer should be detectable and, more important-
1y, quantifiable in environmental samples. At a specified Tevel
of dilution, the detectability or quantifiability of a tracer
will depend on three factors: 1) its concentration in the source
material, 2) the extent of remeval by variocus natural processes,
and 1) the detecticn and quantitation limits of the methods used
for determination of the tracer.

Finally, the tracer's environmental behavior must be known.
As al) organic substances are to some extent degradable by hetero-
trophic organisms, their transformation and removal is essentially
a guestion of kinetics. Microbial community structure and activi-
ty are controlled by envircnmental factors such as temperature,
pH, oxygen concentration as well as the availabiiity of suitable
substrates and nutrients. Consequently, these variables will
exert an influence on the rate at which a specific tracer is
removed or altered. In addition, photochemical, chemical and
physical processes can play significant roles in the geochemical
fate of a trater through cxidation, polymerization, condensation
and other reactions as well as phase transfer processes (e.qg.
evaporation, sorption, precipitation). It is also important that
the behavior of a tracer be known within the context of the spe-
cific physical setting where discharge occurs. For example,
water depth, current velocities, temperature and salinity will
all affect the sedimentation rates of particles and, hence, the
time available to the varicus processes responsible for tracer
removal and alteration in the water column.

One final point should be emphasized. The stability and
general behavior of the tracer must be known in relation to that
of the waste co-constituents of interest. This suggests two
classes of tracers: generic and specific. A generic organic
tracer should be characteristic of the organic matter as a
whole. The behavior of a specific¢c tracer, on the cther hand,
will be dictated by its individual physico-chemical properties
and susceptibility to degradation. To the extent that these
are unique (i.e. unlike those of many of the substances likely
to be present in the source material), the behavior of a specific
tracer is more likely to be representative of a restricted class
of compounds than the bulk organic matter.

Elemental and Isotopic Approaches

As illustrated in Figure 1, elemental abundance (i.e. organ-
ic carbon and nitrogen) can be a useful generic tracer of waste
contamination. This is possible because the particulates in
primary effluent and sludge contain approximately 10-30 times the
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amount of carbon and nitrogen found in uncontaminated coastal sedi-
ments {Eganhouse and Kaplan, 1984). The waste-specificity of
organic carbon and nitrogen is obviously limited by the fact that
any other sources of organic matter will contain these elements.
Consequently, their utility as tracers is restricted to sediments
receiving a Targe input of waste organic¢ matter relative to other
sources. Because of this requirement, however, detectability is
ngt a problem. Even pristine continental shelf sediments can be
easily analyzed for their carbon and nitrogen content.

Studies of the decomposition of sludge in seawater and sea-
water/sediment systems have been reported (Myers, 1974; Grunseich
and Duedall, 1978). The kinetics of degradation observed at
various temperatures both with and without oxygenation suggest
that over periods of up to several months as much as 25-30% of
the particulate organic carbon can be removed. Unfortunately,
the actual alterations taking place on a molecular level and the
nature of the resultant refractory organic matter have not been
elaborated. It is equally unclear how the rates of mineraliza-
tion of other sedimentary source materials such as planktonic
debris or runoff compare with those of sludge or primary effluent,
Because of these uncertainties,the abundances of organic carbon
or nitrogen alone are probably of limited value as tracers. When
used in conjunction with stable isotopic ratios, however, they
can provide an independently verifiable means of estimating the
contributions of waste organic matter to sediments.

Stable isotope ratios of the elements carbon (13C/12C) and
nitrogen (15N/1YN) have frequently been used to determine terres-
trial and marine contributions of organic matter to estuarine and
nearshore coastal sediments (e.g. Schultz and Calder, 1976:
Hedges and Parker, 1976; Tan and Strain, 1979, inter alia).

This application is based on a difference in isotopic composition
of the two endmembers arising from differences jn the stable
isotope ratios of the inorganic precursors from which organic
carbon and nitrogen are formed (Peters et al., 1978}, Mixtures
of marine and terrestrial organic matter, thus, have isotope
ratios intermediate between the endmember values. Extension of
this concept to tracking wastes at sea follows directly when it
is realized that waste organic matter is largely terrestrial in
origin.

With respect to its waste-specificity, stable isotopic
abundance is limited by two facts: 1) other terrestrial inputs
having isotopic ratios similar to that of sewage may exist
{e.g. aeolian and river or runoff transported terrigencus debris)
and 2) the range in endmember values can be large relative to the
difference between the mean values of the endmembers. This
relationship is important as it essentially defines the degree
of resotution attainable. Since the individual molecular con-
stituents of organic matter have measurable differences in
isotepic composition {Degens, 1969), variations in endmember
molecular composition will affect the range of endmember isotope
ratios. Another source of isotopic variation for the marine end-
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member may be the influence of specific environmental factors
which vary seasonally such as phytoplankton species composition,
temperature and the availability of €0, and NO3- (Gearing et al,
1984). Ultimately, it is important to recognize that endmember
values are 1ikely to be both site specific and somewhat time-
variant., As in the case of elemental abundance of carbon and
nitrogen, fsotopic composition is determined by and, thus,
representative of the total organic matter. Consequently, both
of these parameters can be considered generic tracers.

The practical quantitation limits equate to the amounts of
organic carbon or nitrogen needed for reliable measurement of
the isotope ratios. Acceptable analytical precision can be
achieved with as 1ittle as 100 nanomoles of CO; or No. For a
sediment sample of 10 mg this corresponds to organic carbon and
nitrogen contents of 0.01% and 0.03%, assuming complete recovery.
Because their use for tracking waste organic matter is restricted
to nearfield sediments, isotope ratios can be easily determined
using conventional combustion methods {Minagawa and Kaplan, 1984;
Eganhouse and Kaplan, 1984).

The alteration of isotope ratios (i.e. fractionation) during
and after sedimentation must also be considered. Two principal
mechanisms for fractionation of organic carbon and nitrogen are
recognized as possibilities. One is due to a normal kinetic
isotope effect. This results in the preferential removal of
atoms of the lighter {sotope due to the slightly faster rates at
which bonds to them are broken. The result is enrichment of the
heavy isotope in the residual organic matter. The second mechan-
fsm involves selective removal of organic constituents whose
isotopic compositions differ significantly from that of the bulk
organic matter. For a noticeable fractionation to occur by this
mechanism, either a large intermolecular isotope difference must
exist and/or a large fraction of the organic matter must be
removed during this process.

Little is known about the effect of decomposition processes
on the 1sotopic composition of sludge. Myers (1974) observed a
small but significant fractionation {i.e. 13C-depletion)} during
sludge/seawater experiments suggesting that changes in endmember
values could occur during the sedimentation process. No analo-
gous experiments for nitregen isotopes have yet been reported.
Other investigators, noting systematic variations in the isotope
ratios of suspended particulate organic carbon and nitrogen with
depth in the ccean, have attributed these trends to biologically-
mediated alterations occurring during settling (Libes, 1983;
Jeffrey et al, 1983). The situation during early diagenesis, how-
ever, is unclear as no consistent trends have been observed. In
sediments receiving compositicenally uniform source materials, the
post-depositional changes in isotopic abundance, if amy, tend to
be small relative to the differences between endmember values
{Libes, 1983; Sweeney et al, 1978; Degens, 1969). This suggests
that early diagenesis probably does not dramatically affect the
original isotepic signature of the sedimentary organic matter.
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These potential problems notwithstanding, efforis have been
made to use isotope ratios as waste-specific tracers. For example,
Burnett and Schaeffer (198C)} estimated the fraction of sludge-
derived organic carbon in sediments of the New York Bight Apex.
Myers {1974) and Sweeney, et al.,(1978) in separate studies of a
waste outfall system in California combined the elemental abun-
dance and isotopic composition of carbon and nitrogen to develop
a simple two source mixing model. The model assumes that elemen-
tal and isotopic abundances of the endmembers are known, constant
and significantly different and that ne alterations occur after
sedimentation. Although simplistic, these assumptions allow two
independent estimates of the contribution of waste organic matter
to be made if measurements of %C and 13C/12C (or %H, 13N/I%N) in
the sediments are performed. Figure 3 shows an ideal mixing
curve for carbon along with data for sediments from a core

9..
a._
O 7F
O
.E; 6
o 5
| -
O 4}
Q
X 5}
2_
|..-.
1 i 1 [
0-25 -24 -22

13 2>
§°C(%)
Figure 3. Per cent organic carbon versus &13C{%/q4) values for

sediments taken on San Pedro Shelf, Califeorpia. Line depicts

ideal mixing between sewage and marine endmembers {cf. Eganhouse
and Kaplan, 1984).

collected about 6 km downstream from a major outfall system in
Southern California (Eganhouse and Kaplan, 1984}. The fit is
reasonably good, suggesting that either parameter can be used
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to estimate the fraction of waste organic matter in the sediments
(Figure 4). Similar results have been obtained with nitrogen
{(Eganhouse and Kaplan, 1984). Thus, under appropriate condi-
tions in nearfield sites, the history of waste deposition can
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Figure 4. Vertical profile of the fraction of sedimentary
organic carbon due to sewage. Values calculated using two
source ideal mixing mode) {cf. Eganhouse and Kaplan, 1984).

be reconstructed, and the sedimentary mass accumulation of was te-
derived organfc matter can be estimated.

Molecular Tracers

Molecular tracers have one property in common-a high degree of
source specificity. Information is stored in the particular spa-
tial arrangement (rather than the abudance or nuclear composition)
of its constituent atoms. It is immediately obvious, therefore,
that molecular tracers have a significant advantage over elemental
abundance and isotopic ratios in that they can, in principle, be
used to detect waste impacts in the far field and at very high
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dilutions. On the other hand, being specific, rather than generic,
tracers, they are less likely to be representative of the total
organic matter.

Three compounds which appear to have potential as molecular
tracers of municipal wastes are: coprostanol, the Tinear alkyl-
benzenes (LABs) and vitamin E acetate {cf. Figure 5). The use
of coprostanol as an indicator of fecal contamination dates back
to the 1960s (Walker, et al., 1982). This sterol is the major
product of microbially-mediated, stereospecific hydrogenation of
cholesterol in the intestinal tracts of mammals. [t is rarely
found in uncontaminated sediments except in trace amounts.

Instead, the thermodynamically more stable Sa({H) epimer, cholestan-
ol, is the stanol normally encountered. As marine mammals repre-
sent a trivially small fraction of the total biomass of the oceans,
the identification of coprostanol in coastal sediments is taken

as evidence of sewage contamination. However, a remaining
unanswered question with respect to the waste-specificity of copro-
stanol is the importance of its in situ generation from cholester-
ol and other precursors. Studies involving the incubation of
radiolabelled cholesterol in enrichment cultures (Taylor, et al.,
1981}, sediments and sludge {Gaskell and Eglinton, 1975} demon-
strate that this transformation can occur naturally. However,

the kinetics of coprostancl generation and decomposition have not
been directly compared.

n
cm
HO n+m=9-3
H
Coprostanol Linear olkylbenzenes
]
CH,CO

o

Vitamin E acetate

Figure 5. Structures of three potential molecular tracers of
municipal wastes.
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The Tinear alkyl benzenes comprise a group of 26 individual
secondary phenylalkanes with alkyl side chains having ]0—14 car-
bons. These compounds are synthesized for the production of
linear alkylbenzenesulfonates, the anicnic surfactants most com-
monly used in commercial detergents. The presence of LABS in the
municipal effluents of southern California was attributed to the
disposal of detergents (Eganhouse and Kaplan, 1982b). Because
these products are so widely used, the LABs are expected to be
present in virtually all effluents having a significant domestic
component. Their accumulation in sediments and suspended matter
in the vicinity of a major outfal) system has been presented as
uneq?ivucal evidence of waste contamination {Eganhouse, et al.,
1983).

Vitamin E acetate is an industrial product formed by acetyl-
ation of either natural or synthetic Vitamin E. The acetate is
not known to be formed naturally, and its presence in uncontami-
nated sediments has never been reported. Recently it was identi-
fied as a constituent of municipal effluents where it is believed
to arise from disposal of a variety of products such as vitamin
supplements, cosmetics and certain foods (Eganhouse and Kaplan,
1985}, Apparently, this molecule is sufficiently stable to have
survived the earliest stages of diagenesis as it was also found
in sediments near a major waste outfall system. Its widespread
occurrence in municipal effluents has not been confirmed.

The detectability of molecular tracers is Tikely to be highly
variable. Sensitive analytical techniques such as gas chromato-
graphy-mass spectrometry are capable of detecting these COmpounds
at the picogram level. However, the crucial data needed to define
detectability, namely, their concentration in waste effluents and
their removal rates in the ocean, are not available.

As a simple exercise, the volumes of seawater needed for
quantitation of the three potential tracers at several dilutions
were computed {Table 1). The calculations are based on several
assumptions and a rather meager data base. The first assumption
is that the removal of each compound is 50%. While this figure
will certainly vary from one compound to the next for a given set
of conditions, the value chosen is probably an overestimate for
sﬂnrt term exposures typical of those expected during initial
dilution (Hatcher, et al., 1981). Second, the 1imit of detection
(LOD) 1is set at approximately 20 picograms assuming flame foniza-
tion is used. GC/MS in the selected ion monitoring mode should

For the purposes of this calculation, the Jimit of quantitation
was set at ten times the LOD or 200 picograms. This is mast
Tikely an overestimate. Finally, concentrations of the potential
tracer; 1n sewage sludge are taken from Titerature sources and
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Table 1. Volumes of seawater-diluted sludge needed for determina-
tion of coprostanol, the linear alkylbenzenes and vitamin E ace-
tate.

Volumes needed for analysis (ml)

[]i'!uf:is:msb
Concentration in
Compound studge {ng 1-13% 192:1 1g%:1 J06:1 107:1
coprostanol 30 x 108 L0013 0.13 13 130
lipear alkyl-
benzenes 5.8 x 108 0.2 20 2000 2 X oM
vitamin E acetate 1.1 x 106 0.04 4 400 4000

ata from Eganhouse and Kaplan, 1985 and E£ganhouse, unpublished
results.

bVO1umes for the LABs computed as that necessary for an individual
component where the average concentration in seawater for an
individual component = 0.11 ng 1-1.

These calculations indicate that determination of the tracers
should be feasible at dilutions exceeding 10°. Recent modelling
efforts {0'Connor, et al., 1983} predict that under low dispersion
conditions, sludge dilutions in the upper mixed Tayer of the ocean
at the 106 mile dumpsite should be about 5 x 10° within 20 km of
the discharge point. Thus, the tracers should be useful for
determining sludge dilutions at deepwater disposal sites on the
continental slope. Conclusive experimental confirmation of these
predictions needs to be made both in the laboratory and the field.

The key to full implementation of these and other potential
molecular tracers clearly rests on their physico-chemical behavior
and resistance to degradation. Although information in this area
is sparse, a few clues exist. It is very likely that all of the
compounds mentioned here will strongly associate with particulate
matter. Both the LABs and vitamin £ acetate are hydrophobic.
Likewise, coprostanol should exhibit a low aqueous solubility due
to its largely polycyclic aliphatic structure (Walker, et al.,
1982). In fact, these substances do appear to be highly enriched
in the particulate phase of sewage effluents (Eganhouse, un-
published results}. Consequently, they would be expected to
accumulate in sediments assuming the kinetics of their decomposi-
tion were moderate. In this regard, it is reassuring that all of
these compounds have been observed in waste-impacted sediments.

Little can be said about the resistance of the three poten-
tial tracers to degradation as no studies specifically aimed at
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answering this question have been undertaken. They appear to be
enriched in the particulate matter of anaerobically digested
sludge when compared with primary effluent, suggesting some capac-
ity for preservation, at least under anoxic conditions. In the
absence of actual data, any further statements would be specula-
tive at this time,

3. FUTURE DIRECTIONS/REALISTIC EXPECTATIONS

It is clear that a good deal more work 1s needed before the
methods discussed here can be implemented as quantitative tools.
Following is a 1ist of the areas requiring further study toward
this end.

1} The organic composition of waste effluents and its varia-
tion with time must be more firmly established. The con-
centrations of species identified as potential tracers
should be determined, and efforts should be made to iden-
tify new potentfal tracers. This will increase the number
of parameters available for independent corroboration of
fleld results.

2) The physicochemical properties and partitioning behavior
of potential tracers should be tnvestigated and compared
with those of relevant pollutant species.

3) Studies of the decomposition of waste organic matter in
the ocean should be undertaken. We desperately need in-
formation on the kinetics of degradation, possible iso-
topic fractionations and the intermediates formed. The
significance, {f any, of in situ production of certain
tracers should be examined and the influence of salient
environmental parameters must be established.

4) Data from the studies described above should be used to
construct models of the transport and geochemical fate of
tracers and pollutants introduced to the ocean. Model
results can then be compared with physical oceanographic
and tracer data taken at other existing and rewly desig-
nated disposal sites.

It s useful to summarize some of the advantages and 1imita-
tions of the methods discussed here. Elemental abundance and
stable isotopic composition are generic tracers. They will pro-
bably be of greatest value when used in conjunction near dis-
charges occurring in estuaries and nearshore coastal areas. Here
the waters are shallow and currents cannot effectively disperse
the wastes, leading to substantial accumulation of organic matter
in the sediments. With increasing distance from such discharges
or 1n the case of deepwater dumping on the continental slope,
these parameters will be of Tittle use because of the large dily-
tions and the importance of other interferring inputs.

Under these circumstances, molecular tracers of high source-
specificity are needed. As analytical detection limits in the
picogram range are attainable, the crucia] limitations for the
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use of molecular tracers in the far field will be their concen-
trations in the effluent and the kinetics of removal. At prgsent.
:?1ther of thgse are known with accuracy. A preliminary conserva-
1've calculation indicates that three compounds, coprostanol, the

inear alkylbenzenes and vitamin E acetate, should be measurable
?t seawater diTutions up to or greater than 10:1. Thus, one
Jnnediatg application of these potential tracers {s as a means of

$term1n1ng the magnitude of waste dilution both initially and
xhth distance from the point of discharge. Other uses include

e evaluation of the spatial dispersion of sewage by analysis of
sediments and the estimation of waste accumulation rates in sedi-
ments. The jmplementation of these methodologies is clearly
predicated on a sustained effort to elucidate the biogeochemistry
of both tracers and pollutants aiike.

4, REFERENCES
Burnett, W.D., and Schaeffer, 0.A., "Effect of Ocean Dumping on

the 13¢/12C ratios in Marine Sediments from the New York Bight,"
Estuarine and Coastal Marine Science, vol 11, pp. 605-611, 1980.

Degens, E.T., "Biogeochemistry of Stable Carbon Isotopes,” in
Organic Geochemistry, eds. G. Eglinton and M.T.J. Murphy, pp. 304-
329, Springer-Verlag, Berlin, 1969.

Eganhouse, R.P., and Kaplan, L.R., wExtractable Organic Matter in
Municipal Wastewaters. 1. Petroleum Hydrocarbons: Temporal Varia-
tions and Mass emission Rates to the Dcean," Environmental
Science and Technology, vol 16, pp. 180-186, 982a.

Eganhouse, R.P., and Kaplan, I.R., "Extractable Organic Matter in
Municipal Wastewaters. 2. Hydrocarbons: Molecular Characteriza-

%;ggé“ Environmental Science and Technology, vol 16, PPp. 541-551,

Eganhouse, R.P., Blumfield, D.L., and Kaplan, 1.R., “Long-chain
Alkylbenzenes as Molecular Tracers of Domestic Wastes 1n the
Marine Environment,"” Environmental Science and Technology, vol 17,

pp. 523-530, 1983.

Eganhouse, R.P., and Kapian, I.R., vppplication of Organic &eo-
chemical Techniques to the Study of Waste-Impacted Marine
Sediments,* To appear in Proceedings of the 5th International
Ocean Disposal Symposium, Corvallis, Oregon, September 10-14,

1984.
£ganhouse, R.P., and Kaplan, I.R.. “s-Tocopheryl Acetate as an

Indicator of Municipal Waste Contamination in the Environment,”
Environmental Sclence and Technology. vol 19, pp. 282-285, 1985,




186

Gaskell, S.J., and Eglinton, G., "Rapid Hydrogenation of Sterols
in a Contemporary Lacustrine Sediment," Nature, vol 254, pp. 209-
211, 1975,

Gearing, J.N., Gearfng, P.J., Rudnick, D.T., Requejo, A.G., and
Hutchins, M.J., "Isotopic Variability of Organic Carbon in a
PhytopTankton-Based, Temperate Estuary," Geochimica et Cosmo-
chimica Acta, vol 48, pp. 1089-1098, 1984.

Grunseich, G.5., and Duedall, I.W., “The Decomposition of Sewage
Sludge in Seawater," Water Research, vol 12, pp. 535-545, 1978,

Hatcher, P.G., Berberian, G.A., Cantillo, A.Y., McGillivary, P.A.,

Hanson, P., and West, R.H., "Chemical and Physical Processes in

& Dispersing Sewage Sludge Plume," in Ocean Dumping of Industrial

Wastes, eds. B.H. Ketchum, D.R. Kester and P.K. Park, pp. 347-378,
enum Press, New York, 1981.

Hedges, J.I., and Parker, P.L., "Land-Derived Organic Matter in

Surface Sediments from the Gulf of Mexico," Geochimica et Cosmo-
chimica Acta, vol 40, pp. 1019-1029, 1976.

Jeffrey, A.W.A., Pflaum, R.C., Brooks, J.M., and Sackett, W.M.,

"Vertical Trends in Particulate Organic Carbon 13(/12C Ratios in
the Upper Water Column," Deep-Sea Research, vol 30, pp. 971-983,
7983.

Libes, S.M., "Stable Isotope Geochemistry of Nitrogen in Marine
Particulates,” Ph.D. Thesis, 288 p., MIT/Woods Hole Oceanographic
Institution Joint Program, 1983.

Minagawa, M., Winter, D.A., and Kaplan, I.R., “Compariscn of
Kjeldah] and Combustion Methods for Measurement of Nitrogen Iso-
tope Ratios fn Organic Matter," Analytical Chemistry, vol 56,
pp. 1859-1861, 1984,

Myers, E.P., "The Concentration and Isotopic Composition of Carbon
in Marine Sediments Affected by a Sewage Discharge," Ph.D. Thesis,
California Institute of Technology, Pasadena, 179 p., 1974.

Myers, E.P., "Introduction," in Ocean Disposal of Municipal Waste-
waters: Impacts on the Coastal Environment,"™ ed. E.P. ﬁsers, Pp.
3-36, MIT Sea Grant Publications, Cambridge, Massachusetts, 1983.
0'Connor, T.P., Okubo, A., Champ, M.A., and Park, P.K., "Projected
Consequences of Dumping Sewage Sludge at a Deep Ocean Site Near

New York Bight," Canadian Journal of Fisherfes and Aquatic Sci-
ences, vol 40, pp. 228-247, 1983.

Peters, K.E., Sweeney, R.E., and Kaplan, I.R., "Correlation of
Carbon and Nitrogen Stable Isotope Ratios 1in Sedimentary Organic
Matter," Limnology and Oceanography, vol 23, pp. 598-604, 1978.




187

Rebhun, M., and Manka, J., “Classification of Organics in Secondary
Effluents," Environmental Science and Technology, vol &, pp. 606-
609, 1971.

Schultz, D.J., and Calder, J.A., “Organic Carbon 13C/12C Variations
in Estuarine Sediments," Geochimica et Cosmochimica Acta, vol 40,
pp. 381-385, 1976.

Sweeney, R.E., Liu, K.K., and Kaplan, I.R., "Oceanic Nitrogen
Isotopes and Their Uses in Determining the Source of Sedimentary
Nitrogen," in Stable Isotopes in Earth Sciences, ed. 8.W. Robinson,
DSIR Bulletin, vol 220, pp. 9-26, 1978.

Tan, F.C., and Strain, P.M., “Organic Carbon Isotope Ratios in
Recent Sediments in the St. Lawrence Estuary and Gulf of St.
Lawrence," Estuarine and Coastal Marine Science, vol 8, pp. 213-
225, 1979.

Taylor, C.D., Smith, S.0., and Gagosian, R.B., "Use of Microbial
Enrichments for the Study of the Anaerobic Degradation of Choles-
terol," Geochimica et Cosmochimica Acta, vol 45, pp. 2161-2168,
1981.

Walker, R.W., Wun, C.K., and Litsky, W., "Coprostancl as an Indi-
cator of Fecal Pollution," CRC Critical Reviews in Environmental

Control, vol 10, pp. 91-112, 1982,







Design of
Monitoring Studies
to Assess Waste

i Effects on
Regional to
Site Specific Scales

Douglas A. Segar
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1. INTRODUCTION

Marine pollution monitoring has been defined as "the
continual systematic time series observation of pre-determined
pollutants or pertinent components of the marine ecoBystem for a
period of time sufficient to determine the 1) existing level, 2)
trend, 3) matural variations of measured components, water
columh, sediments, or biota® (NOAA, 1979), The purpose of marine
pollution monitoring was defined as "to obtain time series, data
sets that can be used to detect SIGNIFICANT changes in the
environment and to use thie information to provide timely warning
and other advice to management s0 appropriate actions may be
taken® (NDAA, 1979, emphasis added). The key concept within this
definition of the purpose of marine pollution monitoring is that
the changes that are to be addressed through monitoring must be
SIGNIFICANT to the marime envirorment and, therefore, to
management needs. However, most programs intended to monitor the
effectaofoceanmstedisposalhaveignoredthiscmceptand
have established monitoring designs that are besed upon several
implicit concepts, including:

R} The oconcentration of every contaminant for which concern
has been expressed in any part of the global enviromment should
be monitored in the waste materjal and in the water column,
aedimrts,andbiotaatornearthedisdnargeordnpingsitein
order to detect ANY increase in contaminant concentrations caused



1920

.

by the waste disposal. This monitoring should be done even if,
based upon knowledge of the composition of the waste and the fate
of the waste in the ocean, it is known that it is not possible
for a measurable and significant increase in contaminant
concentrations to occur,

B) The biota at or near the site should be monitored such
that ANY changes in the abundance of ANY species which are caused
by waste disposal can be identified,

These precepts reflect admirable, but unrealistic,
impossible, and unnecessary goals, since the number of samples
analyzed and the number of parameters that would need to be
measured on each sample and at each site in order to approach
attainment of these goals would be prohibitive. Therefore,
trade—offs are made to bring the monitoring program within the
bounds of practicability. Unfortunately, there is always a
reluctance to drop the measurement of any particular contaminant
or comunity of organisms, and, therefore, it is the intensity of
sampling for each parameter which is invariably reduced.
Consequently, each parameter is not measured with sufficient
frequency in time and/or space to ehable even substantial changes
in the monitored parameter to be identified in a statistically-
valid manner. Therefore, the monitoring exercise is futile,
since a series of measurements for each parameter is obtained
whose varjations cannot be interpreted to identify trends unless
many years, or even decades, of data are available. In addition,
monitoring programs attempting to meet the goals stated above can
never be successful, since, if the amount of change which is
considered significant is not predetermined, any finite data set
will always leave open the possibility that some extremely small
change may have occurred that is below the resolution of the
measurement gystem or smaller than the natural change.
Accordingly, it is impoesible to prove that absoclutely no change
has occurred due to any activity in the ocean, including waste
disposal.

The deficiencies in marine waste disposal monitoring design
. are largely responsible for the controversial nature of all
marine waste disposal management decisions. Since no guidelines
have been agreed upon between policy-maker, manager, and
scientist concerning the level of envirommental change that is
considered to delineate the demarkation between acceptability and
unacceptability {(referred to throughout this paper as the maximum
acceptable effect level -~ MAEL), the scientific data usually
support both those who wish to use the ocean for waste management
and those who do not. On the cne hand, the data do not show
statistically-significant changes due to the waste disposal; on
the other hand, there remains an umuantified possibility of a
change having occurred which is below the resolution of the
monitoring data and which may, or may not, be envirommentally
significant. For this reason, it is important that waste
disposal monitoring programs be designed on the basis of i) a
systematic evaluation of the management information needs, ii)
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the hypothetical impacts associated with management concerns, and
iil) the feasibility of monitoring these hypothetical effects in
such a manner that statistically-valid identification of the
existence, or absence, of a specified level of effects can be
achieved,

2. MONITORING OBJECTIVES, HYPOTHESES, AND STATISTICAL DESIGN

The most important step in desighing waste disposal
monitoring programs is definition of the objectives of the
program, The broad objective of such programs is to provide the
ocean use manager with information that can enable him to i)
ensure that human health is not threatened, ii) ensure that
unacceptable harm is not done to the marine ecosystem or marine
resources, and iii) make informed decisions concerning continued
or expanded use of the ocean for waste disposal. This broad
objective must be further defined by the manager before
monitoring program planning can proceed since, in order to desian
a useful program, answers must be obtained for questions such as:
i) what level of incremental risk to human health from waste
disposal is coneidered to be a threat to human health, ii) what
is the type and degree of community structure change and what is
the minimmn area of ocean in which such a change must occur
before it is regarded as unacceptable, iii} what ocean resources
are at risk from the waste disposal, what type of adverse effects
on these resources is possible, and how large must such an effect
be before it is considered unacceptable? Rarely are these
questions properly answered, particularly the questions which
address the degree of change that is acceptable/unacceptable,

The blame for this deficiency lies not solely with the politician
or manager, but also with the scientist, All of these parties
have failed to understand or acknowledge that i) no waste
ranagement strateqgy is without concomitant effects on man and the
enviromment, ii) some degree of effect on the marine environment
or man from ocean waste disposal is acceptahle, and iii) no
monitoring program can ever demonstrate that a waste disposal
activity has ZERD effect on a particular resource.

Objectives of marine waste disposal monitoring programs must
be carefully defined in accordance with realistic management
needs. At present, most program objectives are vague and imply
that the program should identify and measure any and all effects
of the waste disposal operation on the ecosystem and man,
Instead, the program objectives should be to demonstrate that
specific adverse effects do mot occur above specific
predetermined levels, The predetermined effect levels will be
somewhat lower than the MAEL's to provide a reascnable safety
margin which will ensure that effects are detected before they
reach unacceptable levels. In addition, there must be a
significant probability that the hypothesized effect could occur
at or near the MAEL.
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One consequence of the need to define specific objectives
for ocean waste disposal monitoring programs is that separate and
distinct objectives can and should be established for monitoring
the effects of waste disposal at and immediately adjacent to each
point source {(e.g., dumpsite, outfall location, estuary mouth)
and for monitoring the broader-scale regional effects that may
occur as a result of multiple point sources of waste disposal and
other contamination.

Based upon the preceding considerations, it can be concluded
that a successful ocean waste disposal monitoring program
requires that, prior to the design of the program itself, a
series of program objectives be established each of which
defines:

A) The specific effect to be monitored (e.g., change in
contaminant abundance in biota or sediments, reduction in benthijc
species diversity, lowered dissolved oxygen).

B) The level of effect that is to be considered to demark
the acceptable/unacceptable boundary (the MAEL), This level must
specify the area over which the effect occurs, the degree of
change (e.g., percentage increase in sediment contaminant
concentration, exceedance of specified infaunal trophic index
value), and sometimes the rate of change {e.g., sediment
contaminant concentration not to increase by specified percentage
per year). Only when specific objectives such as these have been
established can the scientific method of establishing and testing
hypotheses be used to design monitoring programs,

Properly managed ocean waste disposal is expected to result
in no unacceptable adverse environmental effects. Therefore, the
appropriate approach for monitoring such disposal is the testing
of null hypotheses. Appropriate mull hypotheses are similar
regardless of the hypothesized effect and take the gencral form:

The waste disposal activity has not caused (or
will not cause) a specific attribute of the
oceanh ecosystem (e.g., species diversity,
coliform concentration, fish population)

to change by a specified amount (magnitude
and geographical extent of change usually
must both be specified),

Since many attributes of the ocean ecosystem which may be
affected by waste disposal may also be affected by natural
changes and by other anthropogenic influences, this hypothesis
usually must be restated as two-component, dependent hypotheses
of the form:

Component 1. A specific attribute of the ocean
ecosystem has not changed by a specified amount
(or does mot differ from defined background
conditions).
Component 2. Changes in the specific attribute
above the specified amount are not related to
the waste disposal,
The second, or dependent, hypothesis need not be tested and,
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in fact, is untestable unless the first is tested and disproven
{(i.e., some change has occurred), Since establishment of cause-
and-effect relationships between ocean ecosystem changes and
waste disposal or other anthropogenic activities is often
extremely difficult, monitoring programs which address the first
component hypothesis alone are much simpler and more likely to
succeed, In those instances where change beyond the acceptable
limits is observed, specific research studies and/or monitoring
studies to address the second component hypothesis can be
performed. However, in most cases of properly managed waste
disposal this will not be necessary or will only be required for
one or two of the several hypothesized effects addressed by the
monitoring program,

It is often argued that the cause-and-effect hypothesis must
be addressed in waste disposal monitoring programs, because waste
disposal will always result in some degree of environmental
change which must be identified and measured. However,
environmental change of some small degree due to waste disposal
will be acceptable and of no concern to the manager. Therefore,
it is not necessary for a monitoring program either to detect
such small changes or to describe a cause-and-effect
relationship. When the MAFL is conservatively defined and the
first component hypothesis is proven for a level of change
significantly below the MAEL and with acceptable statistical
certainty (i.e., no unacceptable level of change has occurred),
the waste disposal monitoring program has totally fulfilled its
purpose, Certainly, in specific situations, there is a need to
perform research to study waste disposal induced environmental
effects that may be substantially smaller than the MAFL.,
However, such research should not be included in the monitoring
program, since such research would almost inevitably compromise
the monitoring program's effectiveness, usually because
appropriate MAEL's are not established,

The three essential elements of a null hypothesis are the
space and time scales on which it is desired to observe
differences in ocean attributes, and the magnitude of the
smallest change or difference that the program must observe and
statistically verify (i.e., the "resolution” required). While
many programs 4o not adequately define the space or time scales
to be addressed, the third essential element, the required
resolution, is almost invariably ignored until sampling and
analysis are completed and the data are to be analyzed,
Consequently, resources are wasted because either i) the sampling
program is inadequate and does not provide the resolution
required (i.e., the data show change was not observed or
verified, although the minimm observable change was so high that
a change whose magnitude exceeds the MAEL might have existed), or
ii) the sampling program is intensive and identifies a change or
difference that is s0 mmall as to be of no environmental
significance, particularly to the pollution manager,

Establishment of the reqguired resolution is not a simple
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task since the selected resolution must be i) scientifically
attaimhle, ii) attaimable through a sampling and analysis
ogram which can be accampl ished with available resources, and
1ii) envirommentally significant, The selected resclution is not
eviromentally eignificant if it is i) s0 amall that there is no
al threat of emvirormental demage {i.e., 50 much smaller
than the MAEL as to be insignificant), il) so large that there is
no credible scenario in which it would occur, or iii) so large
that, onoce cbeerved, substantial enviromental damage would
already have cocurred (l.e., greater than the MAEL}. Selection
of the a iate MAEL and resolution for a given progréam
mﬂguius a dialogue between sclentists and managers
and a sbstantial amont of infoamation concerning arthropogenic
inputs, toxicity of specific contaninarts, the manner in which
marine ecosystems respond to stresees of dlfferent types ard
magnitudes, and the envirommental concentrations of contaminants
and biologioa) population structures and their variabilities.
Although same of these data are uvsually available, it will be
meosssary in most cases to obtain additional data concerning the
ervirommental variance in the contamimant ooncentrations or in
biclogical populations in the specific study location in order to
detemnine the appropriate resolutions.

In many cases, the design study will result in a conclusion
that an envirommentally-significant resclution cannot be achieved
because of technical limitations (e.g., extreme spatial and/or
temporal envirormental variability) and/or resource limitations
which prohibit sufficiently intensive sampling and amalysis. In
such instances, testing of this hypothesis should not be
performed since 1t can only result in equivocal reeults and an
altermte null hypothesis addressing same other indicator
parmneter or effect should be wsed. In other capes, a properly
perfomed design study will result in a less expensive program
since the desired resolution can be successfully achieved through
4 moce limited monitoring effort. In all ocases, the
estah] ishment of a required resolution and the design of a
program to achieve this resolution will prevent the otherwise-
iravitable and unrealistic expectations of the monitoring
Fogram's ability to identify subtle envirormental effects:
expactations which are rnot, and cannot be, fulfilled by an
izproperly designed program. In addition, interpretation of the
data resulting fram waste disposal monitoring programs which
addresa null hypotheses with predetemnined resolutions will be
simpler formhuth scientist and manager.

Onoe specific program objective(s) and null hypotheses
are defined, other program details must be decided, including the
nunber and location of sampling sites, mmber of sanples per
site, frequency of sampling, mmber of replicate analyses per
sanple, and whether to time and spece bulk. These choices are
made to achieve the required resolution with the smallest
posgihle comitment of available resources, Since these
available resources (e.g., amlytical capacity, and shiptime cost
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and availability) and the monitored enviromment vary, each
program will be designed differently. However, a successful
design for virtually all program hypotheses must achieve the Same
end; the mean value of the measured parameter within a chosen
spatial element and the variance of that mean must be established
such that, if any two such means for different spatial elemenits
(or time periods within the same spatial element) differ by the
required resolution, the variances of the two means are
sufficiently small to provide a specified (usually 90%)
Probability that the two means are different.

Sources of variance in measured values of envirormental
Cbi'ltamiml:lt concentrations or biological population
clmractepstics are many and include: i) spatial variability on
geographical scales amaller than thoee of interest; ii) temporal
variability on time acales shorter than those of interest,
including seasonal variations; iii) sample handling variabil ity
due to irreproducibility in obtaining, storing, and preparing the
gample for amalysis; and iv) measurement variability. The nature
and extent of each of these variances must be understood before a
sampling program can be properly designed, While some sources of
variance are fairly well-characterized and are almost invariable
between different monitoring programs, other sources must be
asseseed in the specific study area, either through historical
data or preliminary field studies designed for this purpose.
Once the magnitude of each source of variance is known, optimtmm
sampling and analysis programs can be designed through fairly
simple and routine statistical calculations (e.g., Gordon et al.,
1980},

The selected sampling strateqy may need to vary for
different hypothesized effects or even for hypotheses addressing
potential increases in concentrations of different contaminants
within the same program. For example, Satsmadjis and Voutemou—
Taliadouri (1983) in their study of contaminants in bio-
indicators observed that analytical variance was large campared
to small-scale spatial variamnce for organic compounds, but that
analytical variance was much amaller than small-scale spatial
variance for trace metals. In such a situation, an optimmm
sampling strateqy in which the total number of analyses is
limited may dictate that a eimilar mumber of individurls should
be taken fram each site for analysis of both contaminant clasgses,
The samples for metals should conaist of a relatively large
number of bulked, or even single individual, samples, each of
which is analyzed once. In contrast, for organics, it might bhe
rreferahle to utilize a single bulked sample and subject it to
multiple replicate analyses. The variance of the estimted meang
for metals and crganics will be different, However, in each
case, it will be as low as possible within apalytical cost
constraints,

Statistical design of marine waste disposal monitoring
programe is currently not sufficiently tested or well
in the literature. Nevertheless, the use of statistically-—wva)jg



196

designe is imperative to the success and efficiency of such
programs. Clearly, more experience is needed with statistically-
designed programs before an optimm statistical design approach
is identified,

3. SITE-SPECIFIC OCEAN WASTE MONITORING

All current marine waste disposal activites take place at
defined locations within the ocean enwiromment: either at
outfalls, dmpeites, or the discharges at mouths of estuaries,
Therefore, most ocean waste dieposal monitoring programs are
designed to ensure that any effecte of discharging a specified
material at a specified location are within acceptable limits,
In moet cases, the potential adverse effects of concern can be
stated in general terms, as follows:

A) Contaminanta in the waste material may be transported to
beaches where they may threaten humen health or aesthetic values,

B) Contaninants in the waste paterial may enter the marine
food chain and be responsible for significant increases in human
health risk due to consumption of seafood with elevated levele of
these contaminants,

C) The waste may cause unacceptahle damage to the marine
biclogical compumities in the area affected by the disposal.

Other concerns are often stated when establishing program
objectives (EPM, 1983, Segar et al., 1984), such as a concern
that toxic contaminant concentrations may increase in sediments,
However, this and other similar concerns are not different in
substance from the three basic concerns stated above. They are,
in fact, only indicative of conditions which may be associated
with the three basic effects of concern, or causative factors
which 1ead to one of the three basic effects, Although marine
waste disposal monitoring programs are ostensibly intended to
address the three basic concerns 1listed above, little thought is
usually given to the means by which these concerns can be most
efficiently and effectively addressed. Too often the program
sixply follows historical precedents set by other such programs
and consists of a grid of stations surrounding the disposal site
at which measurements are sade of 1) water column chemistry,
including nutrients, trace metals, and often coliforme or other
microblological indicators; ii) hydrographic measurements in the
water column and a limited mmber of current measurements; ijii)
sediment chemistry, including ocrganic matter, trace metals,
synthetic organic compounds, and often coliforms or other
microbiological indicators; iv) benthic infaunal commamity
structure; v) fish populations; and vi) phytoplankton and
zooplankton populations, In some progréms, additional
measuremerts, such as surface elick sampling and determination of
trace metals and synthetic organics in fish and benthic infama
and epifauna, are aleo made, There is usually no clear concept
or understanding of how the data cbtained from such studies are
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to be wsed to address the managers' concerns.

One monitoring program designed in this manner is the
cmpl iance monitoring program performed at the 12-mile municipal
eludge dumpeite in the New York Bight, Because the principal
fear in the New York Bight was that beach cortamination oould
result fram disposal at this site, the station grid selected for
this monitoring program covered only areas inshore fram the site,
despite the fact that it was known when the program was
establ ished that the normal transport was offshore., This
program, which cost in exceas of $300,000/anmm over a period of
almcst a decade, resulted in data which were, with minor
exceptions, useless in the assessment of the effecte of disposal
at this site on hunan health and the marine envirorment
(Ecalogical Analysts and SEAMOcean, 1983a, b).

Follawing the lack of success of programs such as the New
York program, many other monjtoring programs, including the
developing 301h waiver monitoring program, have been modified,
Unfortumtely, these programs have been modified not by better
fundamental design, but by simply adding more stations and more
paraneters to be measured in the belief that samehow the greater
quantity of data will provide effective answers to program goals.
The monditoring program now being developed for the Deepwater
Mmicipal Sludge Dumpsite (DMSDS) off the edge of the rortiwest
Atlantic continental shelf, as originally conceived by EMA (EPA,
1983) , was among these poorly designed programs. However, this
proposed program bas been further studied and these studies
provide the basis for design of a rational, effective monitoring
program. O'Connor et al. (1983, 1985) have proposed approaches
to monitoring certain aspects of the effects of the proposed
disposal at the DMSDS which are based on calculations of the
maximum possible effect from dlsposal of known quantities of
municipal gludge at the site. Based on these calculations, these
authors have demonstrated that many of the measurements included
in the original concept of the EFA program are too insensitive to
enable detection of even the largest possihle potential effect
level. Bowever, even this study falls short of being
satisfactory since no attempt was made to establish MAFL's and
statistical considerations were not taken into account. Segar et
al. (1984) have discussed the DMSDS monitoring program and have
suggested approaches to the design of an effective program which
are based on the pcientific method, concerns expressed by EFA
{1983}, and the data and calculations included in O'Connor et al.
(1983, 1985).

As a result of these and other studies, it may be concluded
that the design of an effective, site-specific marine waste
disposal monitoring program should be conducted as follows:

A} Establish general objectives (e.g., uracceptahle
degradation of benthic biota must be detected, if it occurs) .

B) For each general objective, establish ore or more
specific objectives, including an MAFL. These specific
olrjectives can be either the direct detection of the effect
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itself or detection of some other change in the marine
enviromment whoee relationship with the waste disposal and the
manitored effect is known, preferably a change known to have a
cause-and-effect relationship with the effect of concern (e.g,,
to demonstrate that the infaumna) trophic index does not exceed a
spacified number outside the dumpeite or initial mixing zone,
and/or to demonstrate that the concentration of cadmium in
sediments does not increase by more than a specified amount at
ary location).

C) Based on the specific objectives, establish null
hypotheses to be tested which specify the parameter to be
monitored and the required resolution. This resolution must not
be larger than a change in the parameter which is equivalent to
or squal to the MAEL, and it should not be sc much amaller than
the MAEL that it represents an insignificant change,

D) Perform a program design study for each mull hypothesis.,
This design study must:

i) Establish sources and magnitudes of variance
associated with measurement of selected parameters, including
amlytical or other measurement procedural variance, natural
geographical variance, and matural temporal variance at the site
to be monitored,

ii) Determine whether the maximm potential change that
the disposal could induce in the monitored paraneter would
appronch of exceed the MARL, based upon historical data and
knowledge; known chemical, physical, and biological
characteristics of the waste; projected quantities to be
disposed; and knowledge of the physical and chemical oceanography
of the disposal site area, If the maximum potential change is 80
ullﬂutitcwldmtammdnoremeedthem, the null
hypothesis is unsuitable and it should be elimimated from the
progran.,

variance ﬁlbnmﬂnopg::m ord i per rem £

' sapling and analyais am to
achieve the required resolution at the epecified 1eve1p:§gr
statistical certainty. This optimm program will specify number
and location of stations, ramber of samples per station, and
whether ang M:mi: m be poaled,

v the optimm sampling and analysis
program can be achieved within practicable limits of program
resources, If it cannot, this m) ypothesis should be
ELIMINATED fran the monitoring program since the usual response
to this situation {iie.;uremcing the number of stations,
samles, or analyses) w result in data which cannot
the lammgu d!:ith the information he needs, provide

gn process will elinimtefrmmwuastedispo
moni toring wmofthemmtusthathwe sal
traditional measured ag a matter of course, While marine
managers may be reluctant to drop traditionally measured
parameters, the advantages offered by effective pProgram design
should offset such reluctance, Pocussing the monitoring program
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on those adverse effects that are LIKELY to occur and providing
sufficient resources to unequivocally determine whether or not
such effects occur at uracceptable levels clearly justify

dropping parameters which can only be vseless in a given
monitoring program,

It is also important to realize that many parameters
traditionally monitored are indicative of the same potential
effect. For example, various sediment chemistry measurements,
benthic infaunal population studies, benthic recrujitment
measurements, and benthic fauna biochemical stress measurements
are all ueed in monitoring programe to address the same
maragement question: whether the waste disposal has caused
uracceptable darage to benthic commmities. However, it is
certainly not necessary or efficient to monitor all of these
parameters if the manager's question regarding benthic compunity
harm can be unequivocally answered by measuring just ane or two
perameters in a statistically-sound program,

The preceding statements could be misinterpreted as
indicating that all monitoring programs should only measure
changes in the potentially affected biological commmities
themselves, In contrast, it ie often thece community and stress
measurements that fail to meet statistical requirements within
practicahle program constraints. If we have reasonable knowledge
from research studies of the cause-and-effect relationshipe
between biological comeunity damege and, for example, sediment
contaminant concentrations or sediment acute bicassay results, we
can instead monitor those symptomatic parameters to provide a
statistically-sound demonstration of acoceptable/unacceptable
change, Of course, uncertainty in the relationship between the
measured parameter and any biclogical damage will remain,

However, if the MAFL for the measured parameter is established
conservatively to allow for this uncertainty, adequate
environmental protection will be assured, and the unequivocal
nature of the monitoring program results will facilitate
mamagement of individual waste disposal operations, Oontrover sy
regarding uncertainty in the relationship between the monitored
parapeters would be addressed largely at the more fundamental
requlatory level where procedures for establishing specific
MAFL's should be established,

While the procedure cutlined above would lead to effective
and efficient site~specific monitoring programs, several other
considerations are important when outlining the basic
requirements for design of such programs. Field measurementy
made at the disposal site in a marine waste disposal monitoring
program are important, but data describing the camposition and
quantity of the disposed waste are undoubtedly more important
Without these data, it is mot possible to properly interpret
monitoring results or to perform the monitoring program design
evaluation that should occur penodicallg during the lifetime of
a waste disposal operation. Site-specific waste disposal
monitoring programs should not be invariahle over the lifetime of
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the wvaste disposal operation. They should be redesigned and
sodified periodically in response to any significant changes in
waste quantity or quality. '

site-specific waste disposal monitoring programs should aleo
be redesigned periodically on the basis of program results and
relevant new research findings. If waste disposal is continuous
and the waste characteristics and input rate do not change, then
the monitored ecosystem will reach a dynamic steady-state. This

te will be reached in different time periods depending
on the half-life of the waste in a given ecological compartment,
After part of the disposal ecosystem has reached equilibrium,
it wmg possible to substantially reduce or eliminate some
measurements within this part of the ecogsystem, For example,
water column contaminant concentrations reach a dynamic steady-
state within weeks after initiation of a pipeline discharge. If
the xaximm concentration of a given contaminant in the water
ooluen following initial dilution at the outfall is measured over
& range of likely hydrographic conditions (usually over one
seasonal cycle) and this concentration is always found to be
substantially below the MAEL throughout the discharge zone,
measurement of this parameter in the monitoring program can be
discontinued uniess the concentration of the contaminant
increases in the waste or the quantity of waste discharged
ircreases. In a similar manner, if a measured parameter is found
to appronch the MAEL more closely than had been predicted, it may
be nacessary to measure this parameter more frequently or over &
gnter area surronding the diecharge eite than originally
anmad,

Monitoring measurements made at, and imnediately surrounding
& disposal gite, cambined with information concerning the waste
quantities, the waste's physical, chemical, and bioclogical
properties, and the transport processes affecting the waste,
damldhemadbod!temnnmacontimimbasisthesizeofthe
area around the site that should be mohitored. In many cases,
this on~going re-evaluation will prevent collection of
unneceasary data, If a given potential effect does not exceed
the MAEL within the zone immediately surrounding the discharge,
it will often be possible to conclude that the waste disposal
omﬂdmtmmethiaeffectatlwelswmdlemeedmemn
more remote locations. Amy poorly flushed, accumilative zones
remote from the disposal site for which this conclusion might not
be valid could be identified from known physical features and
currents, and these areas could be separately monitored, if
arpcopriate. The proposed Deepwater Municipal Dunpsite
monitoring program in the North Atlantic provides a good example
:fihti:w this principle ocould be applied. EPM (1983}, in its
a1’ ngm n:gr Eonitoring plan for disposal at this dumpeite, proposed

h\gprogrmextaﬂingmhu\drechotmﬂesfrmﬂn

8ite on the basis that, within 100 daye, some waste material
could reach such locations in extremely amall concentrations
after extenaive diluticn, However, O'Connor et al. (1984, 1985)
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and Segar et al., (1984) have ehown that dilution and dispersion
of waste disposed at this site would be 80 great that the
potentially toxic constituents of the waste could not be detected
more than several miles from the site, Evidence cbtained from
other studies of disposal of this waste (municipal sludge)
elsewhere in the ocean supports a conclusion that any biological
effects are small and difficult to detect even where the waste is
highly concentrated and readily detectable, Therefore, these
authors have concluded that monitoring of the effects of this
disposal should be restricted to the sgite and areas immediately
downstream of the site, Further, they concluded that, if adverse
effects are not observed and contaminant concentrations do not
exceed predicted levels, monitoring for effects at more remote
locations would be futile, since there would be no realistic
probability of the occurrence of such effects at a measurable and
significant (approaching an MAEL) level.

4. REGICNAL MARINE MONTTORING PROGRAMS

$ite—-specific monitoring programs and appropriate research
studies can provide most of the information needed to
successfully and safely manage marine waste disposal. However,
site-specific programs do not provide adequate information to
aspess whether adverse effects caused by long~term, slow
accoupulation of individual waete contaminante take place in a
wide ocean area as a result of the input of wastes fram diverse
sources, Therefore, there is a need to develop regional
monitoring programs which can effectively addresg this question.

The adverse effects that potentially could be caused by
accumulative contamimation of the marine epwironment are the same
as the effects of concern at specific sites: beach contamimation,
seafood contamirmtion which threatens human health, and
uracceptable ecological damage. The first of these concerns,
beach contamination, is currently intensively monitored by state
and local govermments wherever beaches are used extensively for
recreation., Since standard monitoring techniques are used by
almost all such local and statewide programs, the regional
monitoring needed to effectively addrees this concern is already
in place, All that is necessary is better coordination of data-
reporting and better evaluation of the data on a regional basis
(Secar, 1981), Therefore, we will not address this concern
further,

The remaining concerns, human health risk due to seafood
contanination and damage to marine ecology, are very different
from one another. However, they can be considered together in a
regional monitoring program since each effect can only be caused
by the same mechanism: increased environmental concentrations of
bicavailahle toxic contaminants, Ecological damage can also be
caused by changes in the physical enwiromment as a result of
waste disposal, but such changes are extremely unlikely to occur
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on regional scales and, if they did ocour, would undoubtedly be
accompanied by major adverse effects at the specific sites of
wvaste dispomal. Therefore, such potential changes in the physical
emwirorment due to waste digposal are best addressed
by site—specific monitoring, While broad-acale ecological damage
due to accumulative effects of waste disposal could oconceptually
be monitored by direct assesament of the status and health of
marine ecological assemblages, this is generally not possible
bacavee any differences or changes caused by cumlative effects
of waste disposal could not be discerned within the large changes
gdiffetemes that occur in these commnities due to matural
ctors.

On the basis of these considerations, the general objective
of regional monjtoring programe can be restated as a requirement
that the program identify those broad areas of the coastal ocean
where bioavailable contaminant concentrations are elevated or are
increasing due to marine waste disposal. This objective can be
addressed through component hypotheses as in site-specific
nonjtoring programe: £irst, a hypothesis that bicavallable
contaminant concentrations have changed (or will change); and
second, a hypothesis that the change has been caused by waste

. The first component hypothesls is the basis for
development of ic objectives for regional ocean waste
disposal monitor Programs,

Toxic contamirants introduced into the ocean in disposed
wastes are mubject to coeplex physical and chemical changes which
depend on the physioal and chemical mature of the waste material
itself and the physico-chemical state of the contaminant and its
chamical reactivity. Each contamimant will be partitioned
between the sediments, dissclved and particulate phases in the
water column, and the biota, A specific contaminant in the solid
or dissolved phases in the water column or in the sediments may
ba in a variety of physico-chemical states which may be
blologically availahle (i.e., potentially toxic to biota or man
through bialogical uptake), or unavailable., Since it is only the
bicavailable fraction of the contaminants (including the fraction
which mey become bicavailable through physico-chemical changes)
that is of interest to the marine waste disposal marager, the
most direct apgroach to regional monitoring programs is the
measurement of contaminants in marine biota. Since different
apecies concentrate bioavailahle contamirents by different
mechaniané and with different concentration factors, monitoring
of bicavallahle contamirants must be performed through the use of
selected bioindicator species whose biclogy, biochemistry, and
contanimant uptake characteristice are well known., fThe same
epecies is usually used throughout the monitored region but two
or more species can be ubed if their characteristics are known
and interspecies calibrations can be made where their ranges
overlap, The uee of caged organimme trangplanted to the sampling
site fram a controlled population may also be useful for several
reasons, including that sampling sites mway then be chosen where
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no suitable hioindicator species occurs naturally.

Phillipe and Segar (1985) have recently discussed the
factors that must be considered in the design of bioindicator—
based regional monitoring programs. This report identified two
major, but fundamentally different, general objectives of
biocindicator monitoring programss:

A) To delineate spatial variations in the abundance of
bioavailahle contaminants (i.e., to identify hot spots), and

B) To elucidate changes in the abundance of bicavailable
contaminants with time in a given site or area,

The design of bioindicator monitoring programs to address
these two objectives must be radically different if the programs
are to meet the objectives. However, most bioindicator
monitoring programs have attempted to address both objectives
using a single sampling scheme and as a result, have been only
partially successful, at best,

The design of bioindicator monitoring programs to address
either of these two general objectives should be performed in the
same general manner as design of site-specific programs.

However, for certain contaminants whose matural concentrations
are close to toxic levels in the marine enwiromment or for
extremely toxic synthetic organics, it may not be appropriate to
establish a MAEL for the regional program. The required
resolution for these carmponents will often need to be defined by
balancing the desire to detect the amallest possible change or
difference with the practical constraints of matural variability
and sampling and the practicability of the analytical program .

Several unique factors need to be considered in designing
regional bjoindicator monitoring programs (Phillips and Segar,
1985), These include careful selection of the bioindicator
species. Selected species should not metabolically requlate the
concentration of the contaminant independent of the envirommental
concentration and should have known Kinetics for uptake and
depuration of the contaminant, Selection of suitable species
will ensure that the measured contaminant concentration in the
bicindicator accurately reflects the concentration of
bioavailable contaminant at the sampling site integrated over a
known period of time, Site selection for bicindicator monitoring
programs must alsc be carefully performed since mmall-scale
geographical variability of bioindjcator contaninant
concentration can often be large, Bulking samples taken from
several locations within an area can be a useful technique for
reducing the nmber of analyses required to establish an accurate
mean biocavajlable contaminant conceptration from a amall
geographical area (or site).

Sampling designs for bioindicator programe require
particular care since substantial variance in the mean
bicavailable contaminant abundance can be introduced through
variations in the concentration factors {(contaminant body
hurden/envirommental concentration) among organisme of the same
species due to differences in their size, age, sex, sexual



204

condi and jcal habitat, Variance from all of these
O ca can be B o3 substant ially by a well~desigred sampling
peogram, Swgples should consist of individuals selected fram a
defined, narrow range of sizese, ages, and habitats; from a single
sex; and at a defined stage of sexual condition. Time kulking,
that is bulking for analysis of several samples taken at
different time periods during an annual cycle, can be extremely
useful in reducing variance, particularly variance due to sexual
condition. Without time bulking, sampling along a regional
coastline sust be carefully sequenced to sample each station when
the ation is in the same stage of its sexual cycle: a
difficuit or impossible logistic problem,

pffective regional merine monitoring programs are needed to
determine the effects of nultiple waste disposal activities and
{radvertant contaminant releases to the ocean and to ensure that
the assimilative capacity of the coastal oceans is not exceeded,
However, a8 with site-specific monitoring programs, successful
regional programs which support mamagement needs must be designed
to address testable hypotheses, and traditional ideas of what must
be measured in a regional program might be substantially altered
by this process,

5. SUMMARY AND OONCLUSIONS

¥e have attempted in this paper to identify the essential
elemnts of the decision and design process which are required to
develop both site-specific and regional monitoring programs
capable of detecting SIGNIFICANT changes in the marine
aviroment caused by waste disposal and providing timely warning
and other advice required by MANAGEMENT in order that appropriate
actions might be taken, The process that we have outlined is a
lengthy one which requires subetantial inputs fram both marine
meragers/pol icy—mekers and the ecientific commmity. Inputs are
r which include both subjective judgements concerning the
acceptability of different types and levels of effects and
rigorous scientific analysis and use of available information,
Many of the necessary design steps are difficult and could be
controveraial, Perhaps for this reason, theee steps have usually
been omitted and moet marine waste disposal monitoring programs
have been developed through an unsatisfactory process, This
unsatisfactory process usually entails adopting all of the
parameters that can be measured within practical program
constraints, or that have been measured in other such programs
and sampling on a randamly- or poorly-selected grid of stations
around the disposal point or region,
desd Several of the steps required for successful monitoring

gn involve amalyses or decision processes which are currently
not sufficiently tested or well-documented in the literature.
Nevertheless, the performance of program design utilizing these
steps iz imperative to the success of marine monitoring. Optimum




205

approaches to individual program design stepa can be developed
only through further study and experience with the design
process. It is hoped that this paper will stimulate both
mamagers and sclentists to approach future monitoring program
design as an important exercise requiring both careful definition
of the degree and type of change due to the disposal activity
that would be unacceptable, and the application of fundamental,
scientific principles to develomment of a program which can
demonstrate whether or rot such changes occur,
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The average individual in the United States
discards about 5 pounds of solid wastes every day.
That same individual also flushes away his personal
waste, This contribution, if treated in a
conventional wastewater treatment plant, generates
about 0.12 1b, dry welght, of sludge, allowing for
normal percentage of removal, aerobic oxidation in
an aerator, and anaerobic destruction in a
digester.,

It would appear that if we could sclve the 5
1bs./day problem, we would have no problem to cope
with the incremental (.12 lbs. This logic
certainly has not prevailed up to now. The past
approach to waste management, including the
acceptable disposal of residuals, has been one of
intense preoccupation with technical details of
individual unit processes, while sidestepping the
more intractable problems of structuring total
programs inflicting least degradation to the total
environment.

This past approach, of course, was inevitable, No
city {and ours is an increasingly urban
civilization) started *from scratch® to
simultanecusly cope with water supply, solid
wastes, wastewater collection, wastewater
treatment, air guality control, receiving water
quality control, underground water management
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protection, and land use, all with optimally
minimized risk “trade offs" between air, iand, and
water. Each aspect of the environment was handled
as a separate enterprise, separated by long periods
of time. Typically, the provision of a public
water supply distribution system proceeded
wastewater treatment by a century or more. In the
same way, the collection of waterborne wastes and
their disposal in contiguous waterways took place
about a century before treatment.

The current controversy on the ocean disposal of
sludges is really a subset of the total problem of
waste management. However, a discussion of ocean
disposal sharply jllustrates and illuminates the
total problem.

1 propose to take a brief retrospective of almoat
50 years of personal daily involvement with water
and waste management to describe the very gradual
metamorphosis of decision making from an
engineering process driven by economics to a public
and political process slowly incorporating an
olement of credible scientific rationale.

The City of New York, unfairly castigated as the
swhipping boy" for all urban problemsa, can justly
take pride in its wastewater programs. The
planning started with two formation of a
Metropolitan Sewage Commission in 1906, only 8
years after the incorporation of the Greater New
York City. The intent was to abate the nuisance
conditions and restore BORe dissolved oxygen to the
inner waterways of the harbor then receiving about
500 MGD of raw sewage. Execution of the plan began
in 1928, by which time about 1 BGD was being

?;:ghatged. An annual harbor survey had started in

The condition of the harbor was also degraded by
major vaw discharges from New Jersey, which shared
the harbor. The various arms of the harbor had
widely different water quality . There was no

credible way to predict the response of the harbor
to A apecitfc deqres of treatment to 2 i

g_ﬂl__{___ri__{g_"ﬂ"—"l—“‘ﬁ
of sewage at a spec e site. Facilities had to be
built, gowever. s;nce some parta of the harbor were
outright nuisances. In another area the most
densely populated bathing beach in the world, at
Coney Island, had to be protected. ©On a hot summeér
weekend literally a million people would be packed
on a mile of beach. With no outside funding, the
City would have to set priorities, design and

build, pay as you go, presumably well into the next
century.
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There was no state or Federal program. With
remarkable prescience, the very small in-house team
leading this program acquired the sites for future
plants along the waterfront. What was possible in
the 1930's at reasonable costs would have been
impossible, even at exorbitant costs in the 1950's.

How were the decisions made as to degree of
treatment? These decisions were made by engineers,
with very limited budgets, with no sophisticated
scientific input, and certainly were not widely
debated in a public¢ forum. With this Edisonian,
pragmatic approach, they did reasonably well.

At that time the choices were between an ox-cart
and a Cadillac, plain sedimentation and activated
sludge, between 30% and %0% B.O.D. removal, between
60% and 90% suspended solids removal,

In the 1930's there was a resurgence of interest in
chemical coagulation. The Coney Island Plant came
on-line in 1935 as a primary sedimentation plant,
but enhanced by chemical coagulation and effluent
chlorination in the bathing season. With its
outfall about 1 mile from the beach, bathing water
quality was reasonably maintained.

The activated sludge process had developed between
1915 and 1920, as the then ultimate state of the
art. The Wards Island Plant, in the East Riwver,
came on line in 1937. This high degree of
treatment was provided in this inner waterway in
proximity to the most degraded arm of the harbor,
the Harlem River. The outright nuisance conditions
were substantially abated.

The great 1939-1940 World's Fair was adjacent to
Flushing Bay. Two new plants, Bowery Bay and
Tallmans Island, in the proximity of the Fair, were
built ag activated sludge plants and came on-line
in 1939.

After World War II there was a renewed burst of
construction, and five more major plants came
on—-line, However, a new approach begam to emerge
in an elite small group of in-house civil and
sanitary engineers, led first by Richard Gould and
then by Wilbur N. Torpey.

They began to challenge the accepted practices in
the field, and raised questions, such as:
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is the degree of treatment designed for
effluents into fresh water equally applicable
to a tidally-mixed esturay?

Are the relatively simple models for BOD
satisfaction and oxygen sag really applicable
to tidal waters?

is the same degree of treatment warranted at
all times of the year, and at all points in
the harbor?

1s disinfection of treated effluents required
uniformly? Required the year round?

Can the enormous capital, maintenance, and
energy costs be reduced without impairment of
the mission?

Row can bioclogical processes be effectively
and consistently controlled by engineers?

How reliably can we praedict the effect of this
enormous investment?

Such guestions were very pertinent indeed in the
1950's., New York City was committing itself to a
billion dollar program for a high degree of
treatment on a tidal estuary, when major
metropolises along fresh water rivers and lakes
were discharging raw sewage or, like St. Louis,
planning primary sedimentation.

Moat significantly, they were distinguishing
between "purpose” and *process” . Engineers were
comfortable with *process”®, the steel, concrete,
pumps, MOLOKS, and piping. The rpurpose” was to
first protect, and then enhance, the quality of the
receiving waters. It is much easier to design a
pipe gallery than it is to predict what will happen
to marine biota. 1 cite this as a beginning
awareness that scientific knowledge had to be
coupled to engineering expertise, although the
znvironmental movement was still a decade in the
uture.

In any event a ferment of in-house davelopment
ensued. One of the products was the development of
a series of variations of the activated sludge
process to provide a spectrum of energy and capital
saving processes, which could be tailored to the
needs of the receiving waters. These were quickly
applied to existing plants. Other products were
the definition of the true rates -of biolegical
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anaerobic sludge digestion and optimum ratios of
food to biological mass in the aeration process.
These findings profoundly affected design and
operation. However, these were "process"
improvements, The lack of a firm basis in
scientific rationale was still evident in the
"purpose”™ area. The 220 MGD North River Plant was
to be built on the Hudson River. With missicnary
fervor I challenge the Chief Engineer to change it
from a primary sedimentation plant to a "mcdified
aeration® plant, providing at least an intermediate
degree of secondary treatment. A distinquished
professor, who had developed a first generation
wmathematical model, criticized me for this before
the ASCE, for advocating treatment beyond plain
settling at this site,

In effect, those of us either making or attempting
to influence decisions on a project, that will now
eventually come in at about one billion dollars,
and the Federal government, which made the final
decision, could all agree on the desired quality to
be attained in the Hudson River, and differed by
300% in the BOD removal target to attain that
quality. When the Federal government displaced the
State and City of New York as the major funding
source, they effectively eliminated any
consideration of matching water guality goals to
cost-effective treatment. By administrative fiat,
they demanded the higheat degree of treatment
attainable by conventional activated sludge. They
were practicing the "Golden Rule”. They had the
gold, and they made the rules,

Several years before the North River debate, I
sought permission to attempt to operate the 26th
Ward Plant at jits design intent of full activated
sludge. This plant discharged into the virtually
landlocked Jamaica Bay, and I proposed to afford a
higher degree of treatment and improved
bacteriological disinfection during the summer
recreational season., I did so, successfully.
There was a dramatic change in water quality in the
receiving canal and the adjacent area of the bay.
However, the extra operating cost was decried, and
this seasonal enhancement of treatment was not
attempted again for many years.,

Other events in the 1960's and 1970's convinced me
that many actions profoundly affecting water
quality were being made by men of essentially good
intentions who were being steered by the narrow
interest of their particular agency, by limited
budgeta, and by expediency. What they
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characterized as pragmatic "common sense“ often was
just a visceral feeling. As the environmental
movement gathered momentum, the judgment and
credibility of engineers in waste management came
under increasing challenge.

Por example, 50 years ago c¢ity engineers promised
to convert noisome, mosquito breeding swampland
into verdant vistas of parkland. 1In the 1970's, as
the City's population pushed out to the shoreline,
inatead of what would now be characterized as
precious wetlands, they were faced by a barrier
between them and the Bay of a 30 foot high, and

still growing, sanitary fill with its inevitable
leachate,

In the mid 1960's, fired up with missionary zeal to
bring science into the process, 1 went to
Washington, to the PWOA, the predecessor of EPA,
with the request to create a credible and verified
mathematical model of the harbor that could predict
the response of the NY harbor to multiple
permutations of inputs, including combined sewage,
on even non-conservative parameters such as
coliform concentration and dissolved oxygen.

1 pointed out we were spending hundreds of millions
to build facilities, Why not spend a minute
fraction to assess and evaluate? My thesis was
that the decisions of the 1960°'s and 1970's were
largely made already, but that the decisions of the
succeeding decades would have to be made on a
credible scientific basis rather than a “"gut®
reaction, and that there now were technigques
capable of doing this,

Of course they rejected my radical request for a
total harbor model, but they did fund such a study
for Jamalca Bay, some 15 square miles shallow bay
of with only one narrow salt water inlet, and
receiving the effluents from 3 major wastewater
plants and the combined sewage overflows from about
1 mil)ion people. I groveled with gratitude, and
mounted a team of marine biclogists, physicisat,
oceanographers, mathematics modelers, and chemists,
in addition to sanitary engineers.

Several years before that the Port Authority of New
York and New Jersey had proposed to build a solid
runway from LaGuardia Airport into Flushing Bay. I
reasoned that this solid barrier would impede the
tidal exchange in an already vulnerable part of the
harbor, and opposed the conatruction. The Port
Authority was incensed. They hired a professor,
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the same one who had espoused primary treatment on
the Hudson River. The dispute demonstrated the

sheer power of words. When I raised the specter of
a "cul-de-sac of confined septic sewage™, the Port
Authority built the runway on a relieving platform.

Consider how the situation now changed, The Port
Authority now wanted tc¢ build a sclid runway from
John F, Kennedy Airport out into Jamaica Bay to Jo
Co Marsh., They stated that if they could not, the
airport could not compete and international traffic
would be directed to another city. The
Transportation Administrator of the City contended
that it was an absolute necessity, was
environmentally benign, and that no visionary
environmentalist should impede beneficial economic
development, The issue was so acrimonious that the
Mayor of the City stepped aside to let me battle it
out with the Port Authority and their proponents,

This time there were facts about the very weak
tidal exchange at the head of the bay. This time
the model was at hand, This time a select
scientific committee from the National Academies of
Science and of Engineering was appointed to
investigate. This time there was corrchoration
that the eastern half of Jamaica Bay would become
an anaerobic nuisance of this barrier were created,

The solid runway was never built, and 12 years
later, the airport is thriving, as is boating and
fishing in the Bay.

Shortly thereafter the Corps of Engineers proposed
to build a hurricane barrier with a series of
tainter gates and narrow channels athwart the one
entrance to Jamaica Bay. Their concrete model at
Vicksburg purported to show no adverse affect on
the Bay's mixing regime and oxygen even while
sharply diminishing the tidal exchange with fresh
ocean water. Our mcdel showed gross deterioration
of bay water guality. There was again a sharp
conflict of opiniona. I pointed out that the model
has been verified by intensive sampling after
storms, The model had been further verified in
that certain unexpected currents it predicted had
been verified in the field and by differential film
aerial photography. I noted, with some asperity,
that ideas shcould not be cast in concrete, The net
result was that the barrier was not built, and the
Corps increasingly and heavily relied on
mathematical modeling.
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By that time, ten years after Rachel Carson's
"Silent Spring", with Love Canal, asbestos, dioxin
smission, PCB, and toxic leachate yet to succeed
each other as the Menace of the Year, there was
already conaiderable ercsicn of the credibility of
the engineering profession in Waste Management,
with the public and their political
representatives, There was still no general public
acceptance that the ultimate sumps for all waste
was the land, water, and air, There was no
recognition that every envirommental decision was a
“tyade-off" among these three, and the very phrase
of ®"risk assessment” was abhorrent. At the same
time, legislative bodies were attempting to impose
*2ero risk® by legislative fiat.

A great opportunity was created by the Clean Waters
Act of 1972, and its successive revisions, In its
famous “"Section 208", it provided funding for a
total multidisciplinary overview of wastewater
programs before hard commitment to construction.

It certainly could have been applied to marine
sludge disposal. Unfortunately the times were such
that there was urgency on the part of Congress and
the States to quickly translate the Act into
tangible construction. Section 208 was not
effectively used. Indeed, the EPA hlerarchy were
skeptical of the process, In New York City I
fought for and obtained the largest such grant. BY
then the City program had almost all hardened into
design and construction, Nevertheless, I used this
grant to at long last create a working model of the
inner harbor, which, like the Jamaica Bay model,
will influence decisiona for the next decades,

Where does sludge disposal fit into this trend?
Twenty-five years ago 1t was apparent to me that
ocean sludge diaposal, then absolutely ignored by
the public and legislators, would eventually become
the focus of controversy. When NOAA was created, I
began to campaign for my long-deferred hope for a
total credibly predictive model for the criticial
New York estuary from the end of the salt wedge up
the Hudson River to the broad reaches of the New
York Bight beyond the sludge disposal areas.
Eventually the decision was made for a study, but
limited to the inner Bight. As I predicted, the
atudy, ably performed by NOAA over about five

years, was heavily steered by the mounting sludge
controversay.
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In effect the overall scientific study I sought in
1965 of the most heavily populated and polluted
estuaryin the Country, the focus of a wastewater
construction expenditure of about three billion
dollars in 15 years, was being performed belatedly
in the 1970's and 1980's in disjointed increments,
and after the major expenditures had been made or
committed.

One can well speculate that if “study first, build
later® had prevailed instead of the converse, EPA
might have been persuaded to forego its simplistic
*check list®™ approach and concede that the City
Engineers of the 40's and 50's were right in
devising different treatments for different local
conditions, including seasonal variation in
treatment and disinfection.

Before discussing sludge dilsposal, permit me to
state that some engineers and scientists, as well
as self-anointed and self-appointed prophets (and
prophetesses) of the environment, also have their
pet prejudices, preconceptions, and quirks, like to
bask in the limelight, and sometimes substitute
inflammatory rhetoric for professional objectivity.

The last bargeload of garbage from New York City to
be dumped at sea was towed out in 1924. Today
there are atill scattered references in the press
to New York City still dumping garbage at sea,
During my tour of duty as Sanitation Commissioner,
fifty years after that last load, I still had to
make statements on it.

I cite this not for whimsy or frivolity. It is a
fact that the simple refutation always limps lamely
behind the glittering allegation. It is a fact
that public perception, hence political perception,
does not have a Pavlovian reaction to clear
statements of fact. On the other hand, when I
whimsically made some humorous allusions to
alligators in the sewers, when I was Commissioner
of Water Resources, I was astonished at how
literally it was accepted and embellished as it was
retold.

This is directly pertinent to the ultimate
solutions for sludge disposal. My thesis is
simple:

Scientific rationale, however im eccable, will
not vield optimum waste mana emant aecisfons
unless it is buttressed with elfectlive and
credible publlc communication.
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The declsion to barge sludge to sea was made by the
City of New York in the 1930's when it commissioned
the design and construction of three self-propelled
sludge vessels, each with a capacity of 35,000
cubic feet. When they started operation in 1937
there was no public concern Or interest. The Wards
Ialand Plant had no digesters, SO they were hauling
some raw sludge to the 12-mile disposal point.
There was no special significance to this peoint on
the continental shelf, except that is was 10
nautical miles equidistant between New vyork and New
Jersey, and amenable to monitoring by the Coast
Guard. The Coney Island Plant hauled its digested
sludge in a small barge for off-pumping to storage
lagoons a mile away for synthetic topsoil on what
would eventually be parkland. puring World War II,
during U-boat depredations, dumping was permitted
closer to shore. After the war, the wave of new
plants all produced digested sludge. This was
lagooned for air drying at 26th Ward, Oakwood
Beach, Coney Island, and for a time at Jamaica. I
WAS then hauled away for surfacing completed
t1and€ills, and in fact created the synthetic
topsoil for a municipal golf course. Some was
pumped on to a small sandy island in Jamaica Bay to
encourage vegetation. Several attempts were made
for direct spraying on sandy parkland. The
potential disposal sites were limited, the cost
could not compete with ocean disposal, but land
disposal of digested sludge was practiced wherever
feasible. Undoubtedly, when some landfills are
completed and sand covered, it will be used again.
It was never considered for public distribution and
use. It had never undergone heat treatment for
sterilization, At best, in no year did such land

disposal amount to over 15% of the total volume of
sludge generated.

There was effective and continuing engineering
preoccupation with marine disposal. It was all
directed toward increasing dry tonnage, reducing
the volume, increasing cargo capacity, increasing
crew productivity and vessel reliability, reducing
fuel costs, getting two trips per day per vessel,
and improving docks to minimize hull damage.
Typically, I put on an air mask and went through
the cargo holds of a sludge vessel to measure the
volume of grit trapped against the bulkheads, to
take measures to optimize cargo capacity. It was
at this time that NY City led the profession in
improvement of gravity sludge thickening. This
effort to hold down the unit costs of disposal led
to selling off of the older vessels as two 65,000
Auhir~ foat vassels were built in the 1950°'=. and
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then two 100,000 cubic feet vessels in the next
decade. These last two were designed with pilot
house engine control, variable pitch propellers,
and a bow thrustor. Two years ago the now upgraded
Wards Island Plant was digesting its sludge, so raw
sludge is no longer routinely dumped. Incidentally
the city, fifty years ago, began to practice sludge
digestion, not to manufacture fuel gas, but to
avoid odors in storing raw sludge. Of course, the
City expleits this gas. At the Newton Creek Plant,
for example, over 1 million cubic feet per day is
generated for use by the plants diesel
engine-generator sets.

In the 1960's we began to cost out alternatives
like sludge incineration, but no technology could
compete economically with our efforts to hold down
unit costs of ocean disposal, Furthermore, there
were no reliable techniques then to predict air
pollution impacts, even at a time when we didn't
worry about mercury of dioxins.

An era came to an end in the late 1960's. Public
apathy changed overnight to public apprehension.

An image was created in the public press and in
purple political rhetoric of a foul black pulsating
amoeboid mass in the outer harbor pushing its slimy
tentacles ashore. This was literally believed.
When abnormal wind and current conditions persisted
for a month in the summer of 1976, masses of
floatable debris were washed ashore. These had no
relevance to sludge disposal, but they were cited
by the vociferous critics as proof that the “ooze
is upon us",

The issue was perfect for politicians. You could
portray yourself as a champion of the environment,
which is good, and you could castigate New York
City, which is even better. One U.S. Senator
reveled in this. One could talk learnedly abcut
acceptable alternates like composting, RDF,
purolysis, land application, and incineration, as
though each one were economical, environmentally
innocuous, and amenable to instant applicability.

Some pseudo science besgan to mingle with the
mythical pseudopods of the great amoeba, One
investigator kept a fish in a tank full of gludge
and then displayed the creature as typical of the
marine life in the Bight. The phrase "Dead Sea®
caught on, I took the press and TV crews out to
the dump site on our sludge vessel. "Where is the
Dead Sea®?, they asked disappointedly. I really
halieved thev expected a scene like that in the

e ——— 1
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Rime of the Ancient Mariner, "and yea slimy things
4id crawl with legs upon a slimy sea®”.

Where was the truth? The NOAA team of quiet
gcientists keep making their surveys and writing
their monographs. Meanwhile the Federal EPA made
an incredible error. It ordered cessation of ocean
dumping on the assumption that other
environmentally acceptable options were readily at
hand. A judge knew better. The public does not
read scientific monographs. They know there is a
Dead Sea out there. NOAA has quantified the impact
of sludge diaposal, but sees no impending disaster.
New York City would like to continue at 12 miles.
The Feds would accept 106 miles. There is an
intermediate position which recognizes the
aifference betwaen kindas of sludges, those with
varying industrial contaminant burdens, and the
posgibility of different disposal points. Recent
studies have gone into the logistics of
combinatione of *mother* ships and towed barges.
While these parties are milling around for the next
episode in this continuing series, let's leave them

and consider the mechanism for an ultimate
decisgion,

our history shows that a well informed public
eventually, however glacially, makes reasonable
decisions. A key phrase is "well informed.® The
key thought is that the public makes the decision.

In the JFX runway extension controversy the
recommondations of the City engineers, the
Transportation Administration apecialists, the Port
Authority management, and local peliticans were all
well circulated in the press and on the air, but
all were correctly perceived by the public as
partisan advocacy of specjal interests. However,
the multidisciplinary committee of the joint
National Academies was composed of engineers,
oceangraphers, biologists, doctors, and economists,
who had no preconceived position, and who took six
months to investigate and deliberate. They were
perceived as credible,

In the case of residuals disposaal and waste
management there is indeed reason for the public,
whose environmental conscicuaness has been well
heightened, to be skeptical of the assurance of any
party, engineer, government agency, utility
manager, or entrepreneur, who has a veated

interest. The public can cite Three Mile Island,
the Bhopal Methyl Isocyanate release, Love Canal,
Ainvinm in Tralv and Missouri. nuclear “near missaa®
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in Idaho and Detroit, PCB in fish flesh, asbestos
in schools, mercury and cadium poisocning in Japan,
dam and bridge failures, toxic contamination of
potable water supplies, all to rebut the validity
of prior "expert" assurance.

In the case of sludge disposal, it is obvious that
the ultimate decision making is no longer the
personal “turf" of the cities which generate the
sludge or the State and Federal regulatory
agencies. In the 21st century, the public will
increasingly rely on multidisciplinary and
impartial secientific expertise, which, in turn,
must be translated into clear language,
comprehensible to the general public. Such
expertise recognizes that waste management
decisions are frequently "trade-offa" between sea,
land, and air impacts, and that 2zero risk may not
be attainable, It is interesting to note that
scientists are more prone to concede "I don't know"
about possible impacts, than are engineers,

By now the consequences of the dwindling landfills
have given many communities a forced draft
accelerated education on the hard realities of
residual disposal options. They know the days of
cheap "tipping fees" for garbage are over,
Increasingly, communities are more willing to
sacrifice gsome local political control, to
participate in a regicnal plan or regional
facility. Sludge disposal is very much a part of
this. As communities inexorably move to resource
recovery and various techniques of combustion and
energy generation combinations, cconsideration for
the incorporation of sludge solids is inevitable.
As a better informed public understands the need
for objective balancing of all trade-offs,
environmental and economical, appropriate
applications of ocean disposal will continue to
receive consideration.

Essentially, waste management decision making is
moving from visceral judgementis based on economic
stringency and political expediency, to a
scientific ratonale approach, but only when coupled
with effective public communication. As all
residual management alternatives are weighed, ocean
sludge disposal will eventually be assessed not by
anecdotes and allegations, but by coolly objective
scientific evaluation.
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INTRODUCTION

How can we jmprove ocean disposal decision making
in the future? The decisfion to dispose public waste
in the ocean as well as the subsidiary decisiocns of
how wmuch waste, at what location and for what dura-—
tion are influenced by--indeed often dictated by—--
laws and legal process. How well does this legal
regime-~the gubstantive and procedural laws-- promote
sound ocean dumping decision making? Sound in terms
of minimizing envirogmental disruption, equity, and
efficiency. How can we change or suppleament the
existing legal regime to further engender sound
decision making? This paper proposes and evaluates
several Iinnovative aechanisas to iaprove ocean dispo-
sal decigion making.
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Part one examines the existing legal regime per-
taining to ocean disposal of waste. What restric-
cions do the relevant federal atatutes and the case
law impose on ocean disposal? Part tweo considers
other obstacles O gsound decision making such as eco=
nomic pressures. rart three proposes gseveral reforms
to laprove the legal regime and evaluates gsone of the
penefits and 1ipitations of these mechanisms.

EXISTING LEGAL REGIME

Prior to proposing legal and institutional
changes to ilmprove ocean dumping decision making in
the 1990's it ie necessary to understand the existing
legal regime pertaining to ocean dumping of public
vwaste, For instance, do federal laws as currently
written and interpreted by the federal courts allow
for continued ocean dumpiog? Contrary to widespread
perceptioca, the answer ig yes, This ansver derives
from a re-examination of the key federal statute
controlling ocean discharge of public waste, the
Marine Protection Research and Sanctuaries Act of
1972 {(hereinafter called the Ocean Dumping Act) as
well ss the Televant judicial opinions.

The Ocean Dumping Act

The Ocean Dumpiog Act 1is the principal law per~
taining to ocean dumping in the United States. No
dumping of any material is allowed without 2 permit.
The U.S. Army Corps of Engineers 1s respoansible for
fssuing peraits for dredged spoil dumping and the
Eaviroamental Protection Agency (hereinafter the EPA}
issues permits for all other waste dumpling.

Prior to the issuance of a perait the ODA
requires the permitting agency to determine “that
guch dumping will not unressonably degrade or
endanger human health, welfare or amenities or the
aarine environment, ecological systems OT economic
poteatialities.” The Act directs the EFA to
eatablish regulations for making this determination.
The EPA i8s required to consider nige factors in deve-
loping and revising the decislon criteria. While
gix of the criteria pertain to effecta of dumping on
human health and the aarine eavironment two of the
criteria relate to the need for ocean disposal via—a—
vis land based alternstives. The final factor per—
Tains to the desligonation of appropriate dumpsites.

The ODA was amended 1n 1977 to specially address
ocean dunping of municipal sewage sludge. The amend-
pent was short but not definitive, EPA was directed
to "end the dumping of sewage sludge., » . a8 sgooun as

possible. . . but in no case may (EPA) issue an
permtt. . . which authorizes any dumping after 7
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December 31, 1981," 1, amendment theno defined

sevage sludge as material whieh would “unreaasonably
degrade or endanger human health, welfare, amenities ,
¢r the marine ¢avironment, ecologteal systems or eco—
nomlc potentialities Thus, despite widaspread per—
ception, the 1977 amendment did not absolutely

prohibit eludge dumping after 1981, Rather, only
sludge which the EPA foyng to have violated fts regu—
lations established Pursuant to the nine statutory
factors was absolutely prohibiced,

The observation thac the O0DA imposee no absolute
prohibitiona againet dumping of public vastes ia
further supported by the Acc's treatment of warfare
agents and high-level radicactive waste. The Act
expressly prevents EPA from issuing any parmit far
ocean dumping of warfare agents or high level
radioactive waste, In othervords, when Congress
deslres to ban acean dumping of a particular waste 1L
does s0 expressly.,

London Dumping Convention

In 1972 the Uafited States and tventy-six other
countries signed the International Convantion on the
Prevention of Marine Pollution by Dumping of Wastes
and Other Matter (hereinafter the London Dumping
Convention). 1In 1974 Congresa amended the Ocean
Dymping Act to include the provisions of the LDC not
reflected in the ODA., Thus the LDC must be read aas
part aod parcel of the ODA. The LDC requires its
signatories to establish national PIOgTamS Lo control
ocean dumping, Like the ODA, the LDC imposes few
absolute prohibitions. The LDC "prohibits™ the
dumping of certailn substances listed in Aanex I such
as cadmium and mercury. Even Annex I substances canp
be dumped, however, if they are either rapidly ren-
dered harmless by ocean processes or are present only
as "trace coantaminants,”

Judicial Opinions

There have been a number of lawsuits lavolving
the {mplementation and interpretation of the ODA.
While the legal claims in each of these suits dif-
fered, there 15 a fundemental similarity among the
outcomes of these cases. The courts fin each of the
81x recent cases involving the ODA were unwilling ¢ o
foreclose ocean dumping as a waste dlsposal option,

The first federal court decision principally
involving the ODA was in 1980 and 1s known as
National Wildiife Federation v. Costle. (U.S,
Circuit Court, 1980). The National Wildlife
Federation (hereinafter NWF) sued EPA in the lata
19708 alleging that EPA's ocesan dumping regulations
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viclated the LDC and the ODA, NWF asserted that EPA
violated the LDC because the agency did not use the
LDC criteria in case-by-case application review. N F
further asserted that both the QDA and the LDC
required site designation studies prior to the use of
a dumpeite; EPA'e icoterim site designation based on
historical use, argued NWF, wvas therefore illegal.
The Federal Circuit Court disagreed with NWF on both
counts.,

In 1981 a Federal District Court in New York
jssued a controversial opinion in the lawsuit city of
New York v, EPA (U.5, District Court, 1981)., 1In 1980
EPA denied New York City's application to dump sevage
sludge at the 12 anile site, which it had been doing
for decades., EPA's decision was based on 1ts ocean
dusping regulations which established a conclusive
presumption that & substacce which violated certain
numerical standards would unreasonably degrade the
marine eavironmeat, New York City sued EPA alleging
that EPA's regulations violated the ODA because thay
precluded the consideration of the need to ocean
dusp, & factor specified in the statute. The court
agreed with the Ciry and concluded that EPA's regula-
tions vere arbitrary and capricious because they
restricted ocean dumping beyood what was intended by
the ODA., The court directed EPA to reconsider New
York's application and develop new ocean dumping
regulations. (Lahey, 1981)

In 1981 the United States Supreme Court rendered
an opiniaon

Middlesex County v. National Sea Clammers
(U.8., Supreme Court, 1981), involving the ODA,
Shellfishermen from New York and New Jersey scught
wonatary cospensation for damage to theilr fishery
from ocean dumping at the 12 mile site. The fisher-
san argued that the ODA gave thea a right to sue for
privats damages caused by ocean dumping., The Supreme
Court disagreed with the fishermen by finding that
ocean dumpers were not lishle for private damages via
the ODA. The high court chose not to impose a nDew
restriction to ocean dumping by refusing to expose
ocean dumpers to fioanecial liability.

In 1983 a Federal Disctrict Court prevented the
State of Delaware from jJoining a lawsuit agaiast the
punicipalities, other than New York City, which were
dumping at the 12 miie gite., In NWF v. Ruckeshaus
(U.S., District Court, 1983} Deleware sought to join
the National Wildlife Federsation lawsuit in which the
enviroumental organization challenged dumping by New
Jersey and New York municipalities after the
December 31, 1981 deadline, The Court concluded that
Delaware's interest in the lawsuit was insufficient




to allow the state to Participate {n the Proceedings,
Finally, in 1984 a Federal Circuit Court upheld
EPA's agreement with municipal dumpers, agide from
New York City, which allowed dumping tp continue at
the 12 mile site subsequent to the December 31, 1981
deadline., In a casge called National Wildlife
Federation v, Gorsuch, the Nacional Wildlife

tory deadliae, (U.S, Circuit Court, 1984) The
environmental &roup argued that EPA'g authorization
gubsequent to the end of 1981 violated the ODA and
the London Dumping Convention, The Federal Circuit
Court disagreed and upheld EPA'jg continued authoriza-
tion of dumping. The appellant Court relied exten-
dively on the opinion in City of New York v, EPaA,

future, Moreover, federal courts have generally been
reluctant te interprete thege lawa in 3 way which
would foreclose or aven restrict this waste dispogal
option. Notwithstanding Statutory amendments ocean
dumping will contigue te be a legal disposal method,
The task therefore becomes one of how to make ocean
disposal decision making safe and efficient.

OBSTACLES TO SOUND DECISIONMAKING

If ocean duaping is Permissible in ten Yeareg,
which appears likely given the current legal
regine, what other barriers or obstacles might there
be to making sound ocear dumping decigionsg? It seenms

distort decigion making or render the process inef-
ficient will continue to be present ten years hence
unless steps are taken to refora the process, What
follows iz a quick summary of gome of the forces
which can be obstacles to gsound decistion making,

Public Opposition

Public oppositicn to wagte dispogal Proposala
has becowe alaost commonplace. Local opposition to
waste disposal facilities have delayed or Prevented
the siting of BaAny waste disposal facilities. There
4re two types of public opposition which .affect
ocean dumping decision making,

First, local oppositicon to land based disposal
options can result 1a increased uge of the ocean

resistance. For instance, Nasgsau County on Long
Ialand constructed z 14 uillion dollar atate-of-the-
art composting facility to solve their sewage Sludge
disposal problen, County officials, however, were
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dissuaded from ever aperating it because of intense
local opposition to spreading the resulting compost
on land. Nassau County now ocean dumps its sludge
instead.

National Wildlife Federation Attorney Ken Kamlet
views the probles as one of disenfrachisement, Since
fieh do not vete, notes Kamlat, there 18 an inade~-
quate political constituencyto protect the oceans
from overuse froam ocean dumping. (Ramlet, 1981)

On the other hand, ocean dumping can Lfnspire
intense and wideapread public opposition. This oppo~
sition {s capable of delaying or preveating this
disposal options, One 1llustration of this public
opposition i8 from Texas, In 1983 EPA tentatively
decided to grant parmits to incinerate chemical
vastes in the Gulf of Mexlico. Over 8ix thousand
people attended the public hearing in Brownsville,
Taxas -- the largest public hearing ever held by EFPA
== to expreses their opposition to EPA's decision.
After the hearing the Director of the ocean incinera-
tion program at EPA, Steven Schatzow, was quoted as
saying: "the deff{nition of a backyard has gotten much
larger.” (Keller, 1984). Subsequently EPA withdrew
its tentative approval for ocean incineration in the
Gulf of Mexico,

Do these competing forces neutralize each other
thus allowing ocean dumping decision making to proceed
on the merits? Not likely. In moat cases either the
anti-land dieposal or the anti-ocean disposal voices
will be louder; rarely will there be a coincidential
squalication of cpposition, ZRven if there were, the

tactics oftan employed by aither gide divert atten—
tion from the merits of the issue,

Economic Obatacles

Although ocean dumpicng has long been more expan-
sive than land based alternatives several factors
have caused warked incresses 1iun the cost differen—
tial, The dwindling availability of suitable disposal
sttea close to urban centers has nade landfi1lling
more expansive, Expanding local, state and federal
regulations to protect groundwater and air quality
restrict the availability of land based disposal
sites and result in ifocreased compliance expen=~
ditures, Rising land costs as well an public opposi-
tico from local reatdents, Roreover, are forcing many
nunicipalities to transport their wastes to 1solated
sites further and further avay. This too results 1in
major coat increases. Ocean disposal for Orange
County, California, for ionstance, 1s approximately
one=-fourth the cost of land disposal options (Lahey
and Connor, 1983).
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At risk of satating the obvious, the larger the
disparity between land disposal and ocean disposal
costs, the more pressure there will be to ocean dump,
This increased presure to ocean dump based on econo-
mics 1s 1likly to cause overuse of the oceans at par-
ticular sites,

Inadequate Sites Studies

Another impediment to sound Ocean dumping deci-
sion making i1s the dearthof site designation studies.
Areas of the ocean differ dramatically in terms of
thelr physical, biclogical and chemical charac-
terists., (Vaccaro, et al., 1981). Areas of the
ocean with deep water and dynamic currenta have a
auch greater capacity to dilute wastes. EPA,
however, has tended to designate ocean dump sites
based on historical usage rather thas the charac-
teriatics of the marine envirooment, Of the some 150
dumpsites around the country only a handful have been
thoroughly scudied and formally desfgnated. The high
cost of these studies, estimated ar a half a million
dollars a site, i8 one reason for the minimal
progress (Lahey, 1984), Recert aund proposed federal
cutbacks for marine sclence and monitoring prograss
cast doubt on future expansione of site designation
studies.

MECHANISMS FOR IMPROVED DECISION MAKING

There are a numsber of legal and institutional
mechanisms which could improve decision making per-
taining to ocean disposal. Some of these reforas,
such as feae systemse, have been in uygre in other con~
texts for many years. Threa Proposals are offered to
improve the ocean dumping regulatory program.

Fees

One way to improve the ocean dumping regulatory
pProgram is to institute s 5liding fee based on the
amount dumped, the type of cootaminants in the wvaste
and the location of dispoesal. Such a 5ystem would
have beneficial regulatory and revenue-generating
effects.

Contrelling pollution via economic charges 1is
hardly 2 novel idea. It haes heen discussed, under
its may aliases, in the economic literature for ovar
two decades, Bnvironmental levies have been exten-
sively used by European Countries, (Organization for
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Economic Cooperation and Development, 1980) .
Moreover, a number of states have recently adopted
environmental regulatory programs which rely on fee
systems (Lahey, 1984). This theoretical assessment
and real-world experience provide a solid foundatlion
for the development of a national ocean dumping
charge system.

The fee system most gulted to ccean dumping is
one desligned to accomplish a dual objective: revenue
generation and pollution reduction. France has
designed 8 complex levy system for waste discharge
which exemplifies a dual purpose chaTrge. (Harrison
and Sewell, 1980)., The fee gerves a revenue
generating function by channelling funds to water
basin commissions aand to water {mprovenent projects.
Indeed, the fee levels are set €O cover the cost of
regional water quality management projects. The fee
varies according to factors such such as the efficacy
of the water pollution control technologles used and
the conditions of the receiving waters. Discharges
{nto waters with high digpersive characteristics, for
instance, are charged less than discharges into
shellfishing areas. These variable fees, therefore,
encourage water pollution contrecl.

As Supreme Court Justice Brandels noted, states
serve as lmportant laboratories for legislative
experiments. This point 1is {ilustrated 1ia the con-
text of dual purpose pollution charges. To help
control hazardous wastes a number of states have
passed statutes to generate funds to finance waste
cleanup ss well as to encourage environmentally sound
disposal practices. (Kational conference of State
Legislatures, 1982).

The ocean, especially beyond the territorial
sea, is the paradigmatic common property TasQUTCE,.
Efficlent allocation in the normal market sensae is
thus impossible. One manifestation of inefficient
allocation is overuse of certain dumpsites, exceeding
the ocean's assimilative capaclty. An ocean dumping
fee calculated 1n 1ight of alternative waste disposal
costs could reduce the volume of wastes dupped into
the ocean to a level within the ocean's asgimilative
capacity.

A charge system would alsc counterbalance the
growing political and economic pressure to dispose of
wastes lnto the ocean. As mentioned, the ocean,
unlike our backyards and local groundwater supplies,
does not have strong political constituencies. Thus ,



pressure mounts to dispose of our wastes im the occean
because 1t i3 the path of least political
resistance, not because of scientific or techanical
considerations, Further, oceans are also the path or
least economic resistance, The failure of the market
exchange system to attach a price for the use of
oceans makes dumping an economically attractive
disposal option, 1In economic terms, waste producers
use the ocean because the internal costs of ocean
dumping are much less than costg of alternative
disposal methods. A charge system could bring ocean
waste disposal fnto political and economic parity
with other disposal methods. Consequently, Waste
disposal decisions would likely be based on environ-
mental “and public health risks, rather than political
or economic expediency.

Two recent decisions by the EPA will have a
ginilar effect of minimizing the cost differencial
between ocean dumping and land~based disposal, EPA's
declision to close the 12-mile dumpsite and require
sewage gludge dumpers to dump at the l06-mile site
will substantially increase the cost of ocean
dumping. Also, EPA's 1985 draft ocean incineration
regulations propose significant coet increases for
oceazn incineration in the form of high liability
insurance requirements. (EPA, 1985)., EPA 18 con-
sidering requiring bectween 50 and 500 million dollars
worth of liability insurance coverage as a condition
for an ocean incineration license, Thia would iumpose
sizabie insurance premiume on ocean incinerators.

A fee would also create an incentive to develop
alternative waste disposal techniques such as waste
reduction and recycling. Dumpers would consider
disposal alternatives which may become cheaper as the
technique 18 improved. Recycling, for instance,
could become less expensive or eaven profitable as the
technique 1s refined.

A charge system could be designed to reduce the
amount of certain harmful gubstances dumped in the
ocean. The fee could vary according to the types and
concentrations of contaminants in the waste, Thus,
innocuous materials, such as cannery wastes, would be
ascribed low dumping feesg, if any, since uncon-
taminated organic materials pose few threats to the
matrine environment, Graduating the fee based on con-
taminant concentrations would create an incentive for
dumpers to either reduce the volume of waste dumped
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or implament methods to reduce the contaminant coa-
centrations, The variable fee would encourage the
reduction of contaminants in sewage sludga through
increased reliance oo pretreatment.

Another regulatory end that a variable fee system
could encourage Is the use of appropriate ocean dump=
sites. Duampers using sites having heightened capaci-
ties to assimilate waste would be charged less than
those dumping at sites with limited pollution
tolerance, A variable fee structure could, moreover,
help reverse the existing incentive to dump at less
appropriate sites, In many cases the sites with
heightened assimilative capacity are further from
shore than less dispersive sites, Because of
transportation costs, dumpers prefer those sites
closer to shore, Tailoring a variable fee system to
reduce dusping in overused sites could therefore
reduce the net eavironmental effects of ocean dumping
without curtailing the volume of materials dumped.

Revenue generated by an ccean dunmping fee could
te used for a nuamber of important functions. First,
the revenue could help finance ocean monitoring
programs. Sioce our knowledge of the marine environ—
ment is still rudimentary, any effective system of
ocean waste disposal must be accompanied by an
ongoing monitoring program. The problea, however, is
that while dumping is increasing, no corresponding
{incresses are expected in monitoring efforts, In
fact, cutbacks in federal funding will aigaificantly
reduce the smount of scientific work conducted in
this area. Revsnue generated by an ocean dumping
user fee, therefore, could present a vital source of
fundiang for these monitoring programs.

Second, revenus from dumping fees could help )
finance eite designation studies. As discussed
sarlier, the deleterious effects of ocean dumping
could be reduced merely by dumping at sites with
appropriate characteristice, EPA has falled to make
significant progress in conducting the studies
necessary todetermine appropriate dumpsites. One of
the major stumbling blocks has been the cost of the
site designaticon studies. In an era of declining
faderal expenditures for environmental programs, it
geens unlikely that adequate federal funding will be
available for these studies, On the other hand, it
1e equitable to require those who make the studies

necessary in the firet place ~- the dumpers -~ to incur
the coskt.
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Fee revenues could also be used to fund research
and development of alternative waste disposal tech-
niques, Many wastes which are currently dumped Iinto
the ocean could, through the application of certain
gclentific or technical Procesaesg, be tranaformed
into valuable resources, Municipal sewage sludge,
for tostance, can be a safe and useful fertilizer when
properly managed. Many alternative uses of sludge
have been developed as a result of federal research
money. Significant engineering advances in sludge
processing technology, moreover, have occurred
recently. These two factors suggest that cutbacks in
federal research and development money could retard
the implementation of safe and ugeful alternatives to
dilsposal of wastes by ocean dumping. Nonetheless,
cutbacks in federal funding of research and develop-
ment have occcurred recently and can be expected to
continue in the future. Furthermore, scientific
research on alternative disposal methods would help
mitigate public opposition to certain land baged
disposal techniques.

Alternative Dispute Resolution

Another type of mechanism which could improve
ocean dumping decision making 15 alternstive dispute
resolution, Alternative digpute resolution i1s a
generic term used to describe a range of non- ad-
versarilal approaches to conflicts, These consensual
approaches have proven to be very effective in
resolving complex environmental disputes. (Talbot,
1983) These approaches are especially well«-gsuited to
wulti-party, multi-iggue disputes such as ocean
dumping (Susskind & McCreary, 1985).

There are a nuaber of poteatial benefits from
usingnon-dvﬂrsarihlspproaches to environmencal
disputes, Firact, lengthy and divigive court battles
can often be avotided thereby saving time and resour-
ces, Second, the outcomes are awore likely to secure
Joint galps among all the parties racther than merely
Belecting winners and losers (Fisher and Ury, 1981).
Third, interests Eroups are less likely to shift the
dispute to another forum because they are given a
stake 1n the process and the outcome, The National
Wildlife Federation, for instacce, sought to restriect
acean dumping by seeking redress from three sepatrate
courts; this could be avoided if NWF participated in
4 negotitated process which they felt was legitimate,
Fourth, a consensual approach utilizes all parties’
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energies and ideas to develop sclutions to complex
probleas. This increases the likelihood of a
creative and effective final solution,

There are a varlety of approaches to dispute
resolution which can bhe effective alternatives to
craditional judicial approaches, Three of these
approaches which have been employed in the context of
marine disputes are: unassisted negotiatlion, facili-
tated dialogue and mediation (Susskiand and McCreary,
1985), Unasaisted negotiation can be used when the
parties are willing and able to meet face~to~face to
work toward joint solutions. Facilitated dialogue
involves nonpartisan facilitators who structure
meetings or manage conversatiouns for disputing par-
ties, This role often involvea identification of the
interested parties and focusing the issues,

Mediastors are often brought in when the conflict has
reached an impasse. Their role is to establish a
dialogue and steer the parties toward sutual gain,
often serving as a go-between.

Two examples of where alterunative dispute
maethods could be used in the ocean dumping context
are: desigonating new dumpsites and developing the
perait terms for dumping at the [06-mile site. The
designation of new dumpsites has frequently been a
controvereial decislon, The extreme {lluatration of
this type of dispute, as already mentioned, 1s the
controversy surrouading EPA's tentative decision to
allow ocean incineration in the Gulf of Mexico.
While less newsworthy, the Aray Corps of Engineers is
aleso runuing intec a lot of pubifc opposition and
controversy involving the designation of dredge speil
dump sites.

Designation of an ocean dumpsite usually
involves a number of interest groups all of which
could appose by political or legal means and hence
delay or derail a designation decision they disagreed
with., It could be efficient, therefore, to bring
these interested parties together and have them nego-
tiate face-to-face. These negotiating sessions would
focus on 1seues such as the geographic parameters of
the site, the level and duration of the environmental
mouitoring and the type of waste that can be dumped
at the site.

Dumping large volumes of municipal sludge at
the 106-aile site will be conttoversial. Itgis very

possible that some party will use legal means to
limit or terminate thise dumping.
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For instance, the State of Delaware has Aalready
attempted legal action to prevent the use of the
106-mile Bite.,

Negotiation among futerested parties ovear the
terms of EPA's permite to dump at the deepwater site
could serve to avold lengthy judicial procedures and
could result in better permits. A mediator could
help representatives of the interested parties reach
cooperative golutions on permit issues such the
amount of waste allowed to be dumped, the toxic
limits, barge monitoring and the amount of the
dumping fee to be charged.

Tradeable Permits

Tradeable permite 18 another regulatory refora
which could improve occean dumping decision making in
the future. Marketable emission permits have been
increasingly uaed by EPA since 1977 to coutrol air
pollution, (de Calvoy Gonzalez, 1981) Tradeabls per~
mits may be an effective way to allocate dumping
capacity at ocean dump sites,

Two example of the use of tradeable air emission
permits are offsets and bubbles. {(Hahn and Noll,
1983) Offsets allow the permitee to sell his
emlgelon right to another company in the same region,
EPA uses the bubble concept to allow an owner of a
plant to increase emissions from one Gource if there
i a corresponding decrease in emissions from ancther
source at that plant, Creating a market for a regu-
latory permit is not new, most cities regulate the
aumber of taxis with a medallion cyatem, A fixed
number of medsllions, licenses 1f you will, are
igsued and these are salable,

There are a number of benefits to allocating
fungible regulatory licenses in this way. First, it
decentralizes decisfonmaking. {Schelliang, 1983) The
regulated parties which need the permite the moat
will pay a higher price. EPA, for inatance, would
not have to get into the business of evaluating a
¢ity's need to ocean dump. The market system would
identify which municipality has the least available
disposal alternatives. Second, entry into and exit
from the regulatory process could be much faster than
¥ith the traditional licensing process. Third, this
8y8tem offers more predictabilicy and reliability for
regulated parties, This is important, for instance,
for municipalities who need to plan their long tern
8ludge disposal strategy, While the cost of a permit
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to dump a certain amount of sludge at the 106-mile
site will fluctuate according to demand, cities can
deal with this uncertainty much easier than the
questions associated with the standard regualtory
process,

Under this approach EPA would calculate the
dumping capacity of each ocean dump site., In other
words, calculate the assimilative capacity of the
site, (National QOceanic and Atmospheric
Administration, 1979) once EPA calculated the amount
of annual pollutant loading they would permit at a
particular site they could auction off authorizations
to dump certain amounts of substances at that site
for a fixed period. Any municipality desiring to
dump waste at that site would be eligible to bid on
the permits to dump. They could use these permits or
gell them after a certain amount of time to another
municipality. This dumpsite allocation system is
more equitable and efficient than the existing pro-
cess, The money generated from the auction,
moreover, could be used for monitoring studies or
other useful activities.

CONCLUSLION

The existing legal regime poses few absolute
prohibitions against future ocean dumping. The
ocean dumping regulatory framework, however, fails to
promote optimal ocean dispesal decisions.
Unmitigated economic and political pregsures as well
as inadequate scientific information has, and will
continue to, thwart sound regulatory decisions.
There are a number ¢of ways the ocean dumping regula-~
toru program could be reformed to overcome these
obstacles, Ocean dumping fees could acheive a number
of important regulatory and revenue goals.
Alternative methods of dispute resclution could
reduce political opposition and encourage creative
and more stable solutions, Finally, tradeable per~
mits are a viable mechanism for efficiently allo~-
catlng capacity at ocean dump sites,
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Institutional Barriers
to Technological
Innovation 1n
Municipal Wastewater
and Sludge

Management Practices

Robert K. Bastian
US Environmental Protection Agency

ABSTRACT

Although researchers can Tepeatedly demonstrate the
technologicel feamibility of innovative methods for
mapaging municipal wastewater and sludge, it is often
difficult to gain an accoptance of such innovations so¢
that they can be used by operating facilities., Pubiic
opposition and a variety of institutional barriers in
the private and public sectors often lead to lengthy
delays in undertaking technological advancements in
Wedtewater and sludge management process technologies
and in reuse and disposal practices. This paper will
review some of the institutional barriers that have been
faced in regard to innovative practices of managing
wastewater and sludge on land and at sea, and will offer
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INTRODUCTION

Technological innovations in municipal wastewater
and sludge management are often difficult "to sell” and
are frequently questioned, not only by the general
public but also by government policymakers and the
scientific community. This has been true not only of
reuse of wastewater in agriculture, ocean disposal of
sludge, and other practices which were anticipated to
generate some controversy, but of almost any change in
common practice -- the use of new analytic¢ and modeling
techniques for tracing the actual fate of pollutants
released into the environment, or the demonstration of
improved treatment efficiency and cost-effectiveness of
new equipment or management techniques. The reluctance
to accept the results of technological innovation
directly influences the numerocus political, regulatory,
and financial policy hurdles that wastewater and sludge
management practices must clear to be declared desirable
or acceptable. The skepticisam and at times evenm violent
opposition expressed toward proposed changes in the
status quo of current practices and policies include
legitimate concerns over protecting public health, the
environment and the taxpayer’s pocketbook as well as
special intercsts based on personal preferences, past
experience, or anticipatioan of financial, political and
professional losses. Frequently even the most
convincing display of scieatific evidence about the
safety and cost-effectiveness of a technological
innovation will not be adequate to overcome the many
inetitutional barriers facing its acceptance by
scientists, policymakers and the general public.

legislative Background

Concerns over environmental problems led Congress to
pass many laws which gave the U.S. Environmental
Protection Agency (EPA) responsibilities for dealing
with a wide variety of waste management problems,
including the control of municipal wastewater treatment
and sludge management facilities and practices (see
Appendixg. These laws required EPA to identify and
control the potential public health and environmental
problems associated with land-based and ocean disposal
pPractices, but also to encourage the beneficial reuse of
municipal wastewater and sludge. As a result, in

developing guidelines and regulations for waste
management practices, the Agency has actively encouraged
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the maximum recycling of wastes as & reaource within
acceptable levels of pjny.

The Federal Water Pglliution Contro! Act Amendments
of 1972 (P.L. 92-500) authorized A major Federal funding
program to help abate water pollution from municipal
wastewnter treatment facilitios. The language of
P.L. 92-500 sent & clear message that use of the Federal
grant funds authorized by thia law ahould encourage
both cost-effective apd tlternative technologies in
municipal wWastewater treatment and sludge management.
In reviewing the Progress made toward increased use of
alternative technologies, Congress chose in the Clean
Water Act of 1977 (CWA) to define and authorize s
specific '“innovative and altermative (I/A) technology
program’’ as a part of the overall Federsl coastruction
grants program. This law spelled out and strengthened
the Congressional mandate that Federal funda should
encourage use of innovative and alternative technclogiesn
to conserve and reuse resources. It called for I/A
set-aside reserves in Federal funds for wWaatewater
treatment construction grants; a ten percant bonus grant
for projects which met certain criteria; and authority
to use Federal funds to correct failures, in an effort
to encourage use of relatively unproven or unfamiliar
technologies. The 1981 amendments to the CWA
strengthened the statutory mandate to encourage use of
innovative and alternative technologies by including
provisions for field testing of innovative technologiems .
In effect, since 1972 there has been a consistent
statutory trend to direct Federal funds to the
implementation of innovations and comparatively unknown
slternatives in wastewater treatment and sludge
management progtams.

wmmwm

As a result of its oversal!l commitment to address
Water pollution, during the past 12 years Congress haa
appropriated over $40 billion toward the construction of
municipal wagtewater treatment and sludge management
facilities. Qver the yeara EPA and its predecessor
2gencies also have conducted a major wastewater
trestment and dludge management rescarch and development
Program, which simce 1972 has been funded at as much agn
$9-10 million per year. The major goal of these
programs hag been to solve priority water quatity and
public health problems through the construction of
cost-effective, emergy-¢fficient, and envirommentalty-
sound wastewater treatment and siudge management
facilitien.
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" A major accomplishment of these programs hss been
to provide improved municipal wastewater treatment to an
increasing number of people, while noticeably improving

_wmter quslity nationwide (ASIWPCA, 1984). Between 1972
and 1984, the population served by secondary treatment
fncreased by over 57 million to a total of 142 million,
while the number of people requiring but not receiving

-public sewage collection and treatment dropped from 21

miliion to 14 million. Another result of these and

- ather efforts to improve municipal wastewater treatment
2asg been 2 doubling in the production of sewage sludge,
whkich is currently estimated to be about 7 million dry
‘toas per year -- an amount which is expected to nearly
-double again by the year 2000, as wastewater volumes and
the degroe of treatment provided increase.

: The response to the increasingly stronger
Congressional mandates to direct Federal funds to
sacourage greater innovation at the local level has
zesulted in gver 2,900 grant awardas for I/A technolgies
from imception of the program om October 1, 1978 through
Marek of 1984. There is every indication that the
national teaponse to the program will encourage
Congress to continue strong legislative support when it
considers further authorization of the program (EPA,
1984). However, the General Accounting Office (GAO) has

been sritical of what had been approved as

““*ionovative’’ by EPA. The GAO reported the propgram has
‘‘had limited success,’’' because not enough incentives
sre provided for comsulting engineers and states to take

the zisk or incur the additional cost of developing
immovative projects (GAD, 1984).

BASIS POR INSTITUTIONAL BARRIERS FACING INNOVATION IN
MUNICIPAL WASTEWATER TREATMENT AND SLUDGE MANAGEMENT

Personsl perceptions and attitudes as well as formal
rules dictate the acceptability of wastewater treatment
and sludge mapagement practices. Spcial groupings, or
institutions, which contrel or refiect individual
acticns and attitudes include families, neighbors,
buzinesaes, trade and labor organizations, gOVernnmntal
bureaucracies, and professional groups. Some of the
concerns voiced by individuals and groups over
wastewater and sludge managemoent practices are
legitimate and concrete -- potential public health and
environmental riske; avisances; questions about
performance, reliability, or cost-effectivencas;: and
competing uses for disposal sitea, Other factors such
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as historic precedents, cultural influences, ang
individual special interesty Or personal Preferences
can greatly infiuence persponal Perceptions and
sttitudes.

Less concrete, and therefore more difficutt to
overcome, is the gemeral negative Psychological reaction
by many individuals to waste management problems, or
‘“filth’" as they perceive it. This generalized
avoidance has contributed groatly to the
"out-of—sight/out-of-mjnd". “not-in-my-buckyard"
attitudes toward waste disposal which have developed
during recent years in this country. PFurther
complicating this situation is the tendency of #ome
individuals to lump all wastes into general categories
such as “'hazardous'’® or *‘toxic'’ and to assume that
the problems associated with clearly dangerous materials
and dispossl practices apply to all.

The influence of personal attitudes (and the factors
which influence them) jn gsining acceptance of
technological inmevation, especially in municipal
wastewater treatment and sludge management, shouid not
be underestimated. Such attitudes play an important
(although often *‘unofficial’’) role mot only in gaining
public acceptance, but also in establishing the policiea
of political, regulatory, financial and research
institutions -- often overriding what some may consider
to be clear-cut scienmtific findings about the
performance, safety and cost-effectivenesns of a
technological innovation.

RESULTS OF EVALUATIONS OF BARRIERS TO INNOVATION IN
WASTEWATER TREATMENT/SLUDGE MANAGEMENT

Over the years there have been & number of
¢xperiments and studiecs aimed at evalusting the
Lcceptance of innovative technology by State and locai
governments. These have included as Urbam Technology
$ystem project in the late 19708, conducted by Public
Technology Imc. and supported by the National Science
Foundation (NSF) and the National Aeronautics and Space
Administration (NASA). 1In this study on-szite contractor
Staff were placed in state and local goverament
Organizations to monmitor and encourage the use of
selected technologies by the participating
Organizations, An NSF-supported study by Syracuse
Research Corporation included coverage of developing
innovative wastewater treatment practices (Wileman,
1979; Mercer and Phillips, 1981). Some of the key
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findings of these experiments and studies and of a study
conducted for EPA by Booz-Alle¢n & Hamilton in 1976 on
barriers to innovation in wastewatetr treatment suggest
the following:

o Implementation of new technology proceeds much
faster and most effectively when user involvement in
the technology development/selection process has been
high. :

o Suppliers of State and local technology generally
perceive a market that is not interested in
technological innovation, and they perceive a market
that is highly disaggregated.

o The political and institutional environment in State
and local government is highly adverse to accepting
risk (e.g., risk of environmental damage, risky use of
public funds), although highly interested in acquiring
scientific and technolagical expertise.

0 Often the multiple objectives of Federal programs
work at cross purposes {e.g., emphasis on enforcement
of wastewater treatment and sludge disposal
requirements on the one hand and encouragement of
experimentation and innovation on the other).

¢ As compared to other industry sectors, the municipal
wastewater treatment/sludge management industry is
characterized by relatively high competition and low
profit. Equipment suppliers face barriers to new
product development which include:
- difficulties in obtaining patent rights;
- lack of information on market potential for new
technology;
- procurement hurdles such as bid shopping and
non-restrictive clause provisions;
- high costs of appropriately-sized demonstration
projects.

o The risks associated with innovation are generally
viewed as outweighing the benefits by nearly all the
key “‘actors’' in the wastewater treatment and sludge
management decisionmaking process -- consulting
engineers, local government officials, and
State/Federal regulators.
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0 Consulting engineers must face a number of prodlems
and realities when considering innmovative solutions to
wastewater treaiment and sludge management problems
that will provide municipalities with workable,
reliable systema, including:

- adequate data for the evaluation of inpovative
technologien are frequently lacking:

- project deadlines often preclude taking the time
that would be necesmary to adequately check out
(both economically and technically) an innovative
technology before recommending it;

- low operator skill levels available tg a connunity
often preclude serious consideration of **high
tech’’ inmovative tecknologies.

o Local municipal officials generally are discouraged

by the concerns and unknowns typically associated with
the operation and maintenance costs and performance of
innovative technologiesn.

0 State/Federal regulators generally are discouraged
by the lack of detailed performance data and
experience with innovative technologies.

More recently, the findings of a 1983 workshop
conducted for EPA by the American Public Works
Association's Retearch Foundstion moted similar
constraints on more active private mector involvement in
funding the development of new products in the
environmental control area (APWA, 1984). The
constraints included concerns over market size and
Limited profit potential, uncertainty about future
governmenta] regulations, lack of clear-cut performance
requirements, and the need for short payback periods.

I I ed € I I . i LB .

Over the past decade, considerable attention has
been given to land application practices for treating
and recycling or disposing of municipa! wastewanter and
sludge. These practices cover a wide range of
alternatives -- e.p., application of treated wastes to
farmiand and forests, their use im land reclamation
efforts, the distribution of composted or otherwise
Processed siudge products for use as a soil umendment or
organic-bsaed fertilizer, and the operation of dedicated
surface disposal facilities which do not involve
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recycling. The experience gained from addsressing the
jnstitutional barriers that face these alternatives may
provide some insights into dealing with the
jnstitutional barriers facing further technological
inpovstion in ocean dispoa)l of municipal wastes or in
other waste management practices.

The concept of lapnd application of municipal
wastewater and siudge is certainly not new: the ume of
puman wastes to fertilize the land dates back many
centuries in Europe and Asia, and was used extensively
by Americans inm the 19th century (Jewell and Seabrook,
1979; Tarr, 1981) . However, the recycling of treated
human wastes, although actively encouraged by EPA a3
mandated by Congress, is not always readily saccepted by
the genmeral public, local treatment authorities,
regulatory officials, peliticians, scientists and
resoarchers. Although some land application projects
have proceeded virtually unopposed, most have generatad
some level of coatroversy at ieaat at the local level
(Deese et al., 1981).

In response to the mandates by Congress to encoutrage
tecycling of wastes, EPA znd other Federal agencies
(e.g., U.5. Department of Agriculture, U.S. Department
of the Interior, Army Corps of Engineers) funded
pxtensive research and demonstration projects in order
to obtain bettsr information on potential public henlth
and environmental effects and to learn how to avoid or
at least mitigate such problems. Barly in these
efforts, which were also expected to help gaio better
acceptance of reeycling practices, the importance of
political and institutional barriers was recognized.
One of the first major U.S. conferences on l1and
application technologies mnoted that *‘unless political
and institutional constraints om the land application of
effluents and sludges are recognized, identified, and
resolved, [land application] projects will likely fail.
regardless of their techmical, scientific and sconomic
fealibility” (NASULGC, 1973). Conference participants
fd?ntifi°d a variety of social, legal and regulatary

‘institutional’’ constraints om the acceptance of land
application as a viable wastewater treatment and sludge
management technology. Among them were unfavorable
public attitudes toward land-spreadiog sctivities, the
nomber of local and State rogulations that apply to
those activities, and the scmetimes-ambiguous neture of
the laws and regulations withia which sludge and

effluent land application projects must be developed snd
operated.
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During the 1970s and early 1980s, meny millions of
dollars were spent on research snd domonstration efforts
related to land application of municipal wastewnter and
siudge, which resulted in a dramatic improvement in the
understanding of such practices and in the design and
operation of land application Ptojects. Research and
extension reports, technology LEsoessmentas, technical
conference proceedings, design manualy, gulidance
documents, regulations, policy statements, documentary
films and other educational materials were issuesd., At
the same time a number of Jurveys and studies which
focused on public acceptance and institutional barriers
were undertaken (Christensmen, 1982; Deeso et al., 1930;
Donnermeyer, 1977; Forster & Southgate, 1983; Musselman
et al,, 1980; Olson & Bruvold, 1980: Poyton &t al.,
1983; and Stitzleim, 1980). Some of their findings and
recommendations were the following:

0 Women are generally more reluctant than men to
accopt land spplication practices, because of concerns
over possible health riska.

o Age is negatively correlated with acceptance of land
application, as with most tecknological innovations.

0 Formal education {at least through high school) is
positively correlated with acceptance of land
application.

o Experience with or sxposure to the concepts involved
in land application increases acceptance of thesas
pPractices.

o Public opposition is highly correlated with land use
intensity near land application sites.

0 Although farmers and other landowners exhibit strong
interest in the potential for short-term economic gain
and in the stewardship of the land for future
generations, they tend to oppose laws or regulations
which impose land use controls.

o0 The individualism, conssrvatism, and agrarian
ideology present in many rura! areas often leada to
the view that municipal waste is an urban problem that
should be solved in the city by those creating the
waste and not by pushing it off on rural communities.
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o The use of land application practices has greatly
expanded gince 1973 duec to technological and economic
forces, and their use i3 expected to further expand;
hoWever, Federal, State and local government
intervention and controls over theas practices has
aleo proliferated.

o While Federal legislation has encouraged land
application, gome State and local regulations have
hampered it. Land use controls, health codes and
puisance laws have often been used effectively at the
local level by project opponents.

o State govnmnentl currently set most of the rules
governing land application practices. There is =
mixed reaction among the many communities currently
applying wastes to land concerning the need for
Federsl regulation of land application practices,
although the gnderstanding of current Federal
standards 1s bighly imperfsct.

o Programs designed to win public acceptancs differ
acrosa the country, since they must be geared to

cultural influences, historic precedents and public
concerns which change from comnmunity to comnunity.

o '‘Convestional wiadom’®' has stressed the neod for
mounting educational programs or public relations
campaigns in order to win public acceptance of land
application programs, and & majority of communities
have uped them; however, 80me succeasful programs havs
found this unnacessary. Demonstration programa Wers

{dentified as among the more effective educational
methods.

o Iastitutional constrainta have not proved to be a
slganificant obstacle t0o most communities wishing to
expand existing land spplication programs. High
transportation costs and lack of land application
sites wers the reasons given moat often for decisions
to downecals or to avoid increasing land application
programs - although institutional constraints may have
l.n'len underlying theses two sitochnical’’ or

econpomic’' reasons (e.g., local opposition forcing
reliance on more distant application sites).

o Officinls usually undercstimate & comunity’s
;cupunu of & proposed land application program,
ecsuse they are more likely to be confronted by those

expressing negative views than those favoring the
program.
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Clearly, there are & hort of institutional barriers
which can inhibit the scceptance of land application
practices. Although, by their very nature, institutions
may be slow and difficult to change, most of thege
barriers can be modified if the attitudes of the
individuals involved can be changed, overcome, or
accomodated. The techniques most commonly cited ap
effective for land application Practices include:

o providing for adequate involvement in the decision-
making process of those initially opposed;

0 clarification of the benefits associnted with the
practice;

0 resolution of concerns associated with possible
nuisapnce problems, costs, public health or
environmental impacts;

o the use of project advisory groups, aggresaive
¢educational programs;

¢ adequate contingency plannjng to assure that
problems that might occur cam be quickly deslt with:

o providing for responsible project management to
avoid unnecessary problems from occurring in the first
place.

IMPLICATIONS FOR THE FUTURE OF OCEAN D1SPOSAL
ALTERNATIVES

As with land application Practices, there are many
socizl, legal and regulatory barriers to the acceptance
of ocean disposal as a viable municipal wastewater and
sludge management technology. While it may appear that
ocean disposal has been more favorably accepted by the
public as & whole than land-based disposal alternatives,
try telliog that to a coastal community faced with
newspaper headlines tnnouncing beach closures due to raw
wistewater diversione or to those groups attempting to
grin political suppoart for modifying the current laws
and regulations that control ocean disposal.

The problems of public attitudes toward occan
disposal are compounded by the ambiguity iz the laws ang
tegulations that affect ocean disposal practices. The
control of ocean disposal Practices, unlike land
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application practices, has involved more regulation by
the Federal government with much lesss direct involvement
by most States or local government agencies. Many of
the Federal c¢ontrols issued to date under the
authorities of the Clean Water Act (CWA) and the Marine
Protection, Resecarch and Sanctuaries Act (MPRSA) were
net primarily concerned with the disposal of municipal
wastes into the marine environment. Furthermore, the
implementation of government regulations has been
complicated by court decisions, econcmic factors,
Federal guidance, and the availability of funding for
municipal wastewater treatment and sludge management
facilities.

Both the CWA and MPRSA require that wastes disposed
of in the oceans cause no ‘‘unreasonable degradation of
the marine eavironment.'’ However, the legislation as
enacted provides little guidance as to how to determine
such an endpoint, what indices should be used, or within
what time frame to operate. At the same time, MPRSA
outlines factors that must be considered in establishing
criteria for reviewing and evaluating ocean dumping
permits.

The major factors which have affected both the laws
and policies currently controlling ocean disposal
practices include the following: 1) lack of adequate
information on the environmental effects of ocean
disposal practices, 2) the assumption that a reduction
in ocean disposal activities would reduce harm to the
environment, 3) the assumption that wastes do not offer
a significant resource value to desirable ocean
productivity, and 4) the assumption that policies
regulating waste disposal muat be considered separately
for each medium (air, land, and water).

Studies issued in the 1970s strongly supported the
need for better information concerning the environmental
impacts of ocean disposal practices (Ryther & Dunstan,
1971; NAS, 1975, 76, & 77; Gross, 1977). However, the
research needed to evaluate both the fate and effects of
pollutants placed in the ocean as a result of ccean
disposal of municipal wastes has lagged in comparison to
that undertaken on land application over the paat
decade, likely as a result of the pending Congressional
deadlines for phasing out ocean dumping practices.

Clearly the potential effects of ocean disposal can
be severe (e.g., beach closures, contamination of marine
ogranisms destined for human consumption, toxic effects
on the survival and reproduction of marine ecosystems,
degradation of benthic habitats, and anoxic episodes
resulting in fish kills). Such concerns are similar to
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those raised as possible impacts associated with
land-based alternatives (e.g., surface and groundwater
contamination affecting drinking water supplies or
freshwater fisheries, uptake of pollutants by human
food-chain crops, adverse effects on wildlife).
However, 2 major difference lies in the fact that in
apite of extensive efforts to document their occurrence,
there ia very little evidence demonstrating that land
application of municipal wastewater or sludge, an
currently practiced, has resulted in any significant
public health or environmental impacts (Page et al.,
1983). Partly as a result of these *‘lack-of-a-
problem‘* findings, it appears that further studieas in
this ares will no longer be given the Priority for
funding they once received.

Although some of the more recent studies and
asscssments concerning the status of the marine
environment and the impacts of ocean disposal practices
(Duke, 1981; NACOA, 1981; NAS, 1984a & b) are far more
optimistic than those issued in the 19708, their
conclusions continue to be clouded by inadequate
supporting data. Yet these more positive scientific
assessments have helped serve as a basis for a A jor
change in future ocean dumping of sewage siudge in the
North Atlantic -- namely movement from the shzllow 12
Mile Site to the much decper 106 Mile Site which is
located just off the continental shelf, although it has
Jet to be determined whether this will be a loeng-term or
short-term solution to the ocean dumping controveray.
S$tiil, unlike the researchk and development efforts that
have supported improvements in land application
practices, relatively little effort has gone iato
addressing the questions of how to dispose of municipal
wastes in the ocean properly and how clean thesec wastes
must be to be compatible with the marine enviromnment.
Instead, the work has continued to be focused on
monitoring the effects of existing ocean disposat
pPractices that have slready been determined to be
unscceptable on political and institutional grounds.

If, however, the marine acientists as a group are
ready to agree that gcean disposal is beneficial te the
mArine environment or at least s tolerable insult, thisa
mesasge needs to be presented in & more convincing
manner to the regulatory agencies, Congress and the
general public. Surely those groups interested in the
competing, ‘‘more traditional'’ uses of the ocean (e.g..
commercial fisheries and recreation) will contimue to
mount strong opposition tog anything they view as
adversely affecting their uses of the ocean. The
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reactions to proposed of f-shore oil drilling leases,
ocean lncimeration, low-level rad waste disposal, and
the proposals by coastal communities for permits 10
discharge lezs-than-secondary effluent into marine
waters ssrve as good examples of the concerns and
influence of theame groups. Techniques aimilar to thosae
ideatified as effective for gaining better acceptance of
land application practices might be useful in getting
ACTOSS & DOW MESSAZO regarding the acceptability of
impacts associated with well-sited and well-managed
ocean disposal activities (i.e., providing adequate
involvement in decisionmaking by those initially
oppossd; clarifying the benefits as well as risks;
developing aggressive educational programs; providing
adeguate contingency plans; and providing for
responsible project management) .

It may atill be worth considering the ocean as
apother medium for recyeling municipal wastes as a
resource. Unlike countries such as Japan, little
conscious effort has becen made in this country to manage
or stimulate beneficial effects, such as increased
productivity of desirable species, am & result of waste
disposal/mansgement in the marine environment. For
example, many of Japan’s most productive shellfish
culturing areas are in waters that would be closed for
copmercial harvest in the United States because of
nearby domestic wastewnter discharges. Careful
management practices, including extens ive depursation
procedures, sllow the Japanese to take advantage of
these highly productive waters. This lack of past U.S.
activity or the concerns over competition by the open-
ocean fishermon ashould perhaps not preclude further
consideration of the potential for stimulating increased
productivity of desirable species. Engineering criteria
and manegement practices could be developed by which
wastes with acceptable charascteristics could be added to
carefully selected ocean sites (e.g., areas with
putrient- or carbon-limited productivity). This might
fead to developing as strong a basis for recycling
municipsl wastes in the ocean as exists for their
recycling by land application.
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APPENDIX

Major Pederal Legislation Concerning Municipal
Wastewater Treatment and Sludge Management

FEDERAL WATER POLLUTION CONTROL ACT (FWPCA), as amended
io 1972 (PL 92-500), 1977 (PL 95-217; the Cisan Water
Act), and 1981 (PL 97-117; the Municipal Wastewaler
Treatment Construction Grant Amendments), focus on the
testoration and maintenance of the chemical, phyaical
and biological integrity of the Nation's waters.
Research, standards and enforcement, water quality
plasning and comatruction granta program authorities are
included. They cover control of both point and
non-point sources of water pollution. These laws
authorize Federal funding for the planning, design and
construction of publicly-owned wastewater treatment
works (POTWs), including sludge management facilities.
They also authorize the issuance of comprehensive sewage
sludge management guidelines and regulations, the
iasuance of National Pollution Discharge BElimination
System (NPDES) permits for point source discharges, and
the development of areawide waste tresatment management
pisns including best management practices (BMPs) for
non-point sources of water pollution, and require the
development and implementation of pretreatment standards
for industrial discharges into POTWs. The 1977 and 1931
amendments added several important waste managemoent
provisions, including special incentives for groater uae
of inpovative and algernative waste treatment
technologies and methodologies, broad authority to
regulate sewage sludge managemont practices,
pretreatment credits for industrial dischargers to
POTWs, and the opportunity for coastal communities to
apply for modified discharge permits which would allow

for less than sscondaty trestment for discharges into
marine waters.

THE SOLID WASTE DISPOSAL ACT, as amended in 1976

(PL 94-580; the Reaource Conasrvation and Recovery Act
[RCRA]) and 1984 (PL 98-616; the Hazardous and Salid
Wants Amepdments), focuses on the regulation of solid
waste management practices to protect human health and
the environment while promoting the conservation and
recovery of resources from sokid wastes. Technical and
financial assistance, training grants, solid waste
plapning, resources Irecovery demonstration assistance and
hazardous waste regulatory program authoritiem are
included. The key sspect of RCRA is the comprehemsive
regulatory system to ensure the proper managemsent of



257

hezardous waste. RCRA also Provides for technical and
financial assistance to State, local and interstate
agencies for the development of solid waste agencies and
80lid waste management plans. In addition, it prohibits
open dumping of wastes; promotes a national R&D program
for improving solid waste management practices; and
calls for a cooperative affort among Federal, State, and
local governments and private enterprise to recover
valuable materials and energy from solid wWastes.

THE CLEAN AIR ACT AMENIMENTS (CAA) of 1976 (PL 91-604)
and 1977 (PL 95-95) focus oa the Protection and
enhancement of the quality of the Nation's air resources
in oxrder to protect public health and welfare and the
productive capacity of the country. A national RAD
program, technical and financial agsistance, emission
standards, and air quatity pPlanning assistance Program
authorities are included. CAA Provides for technical
and financial assistance to State and local governments
for the development and execution of their air pollution
contrel programs, encourages and assiasts the development
and operation of regional air poliution control
programs, and initiates an accelerated national R&D
program to achieve the prevention and control of air
pollution. It authorizes the development of State
implementation plans (S5IPs) for the purpose of meeting
minimum Federal ambient air quality standards. It alsog
tuthorizes issuance of regulations to control hazardous
air pollutants and new source performance standards
{i.e., eminsion standards).

THE MARINE PROTECTION, RESEARCH AND SANCTUARIES ACT
(MPRSA) of 1972 (PL 92-532) and its amendments provide
for regulating the dumping of all types of materials
into ocean waters and limiting the ocean dumping of
materiala which would adversely affect human health and
welfare of the marine environment and its commercial
values. The MPRSA prohibits ocean dumping and
transportation from the U.S. for purposcs of dumping
except pursuant to permit, and permits are not to be
issued where dumping would ‘‘unreasonably degrade’” the
marine envirooment. Permttting regulstions, marine
rescarch, and provisions for establishment of marine
sanctuaries are included. EPA is required to eatabliash
criteria for evalasating ocean dumping permit
applicationas, applying specific statutory factors. A
1977 Amendment (PL 95-153) effectively entablished
December 31, 1981, as the deadline for terminating ocean
dumping of *‘sewage sludgesn,’'®' defined as municipal
Waste ‘‘which may unrcasonably degrade or endanger human
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heslth, welfare, amenities, or the marine environment,
ecological systems, OF sconomic potentialities.’' A
gimilar amendment was ¢nacted in 1980 for *‘industrial
wastes.'’

THE TOXIC SUBSTANCES CONTROL ACT (TSCA) of 1976

(PL 94-469) provides for the testing and premanufacture
notification of chemical subatances and mixturea, and
the regulation of production or use of certain ones
which present an unreasonable risk of injury to health
or the environment. Along with its many regulatory,
testing and reporting reguirements, EPA is also required
under Section 9 of TSCA to coordinate actions taken
under TSCA with actions taken under other Federal laws.
In addition, TSCA requires that EPA issue rules
respecting the manufacturing, proceasing, distribution
in commerce and disposal of PCBsx.
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INTRODUCT TON

Congress passed the Clean Water Act ip 1972, but
the consequences of that actior affect our efforts at
sludge management even today, and wilt continue to do
80 in the future,

One of the most Bighly publiclzed parts of the Act
is the Construction Grants Program. The United States
Environmental Protection Agency, in CArrying out the
directives of Congress, issued regulations concerning
the treatment ang disposal of waslewater, and provided
¢ Federal grant program to cover 75% of 4 Community's
cost of building the Tequired facilities, But over the
Years, as funding a8sistance became legss abundant,
the degree of treatment increased, thne amount of

residuai material which had
¥ell, The u.s. thae
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It is clear that over time a very unique set of
sludge management issues has developed. These issues
inciude:

Where and how will this increasing amount of
sludge be disposed?

¥hat will be the cost of disposal?

¥ill the cost of disposal be financed publicly or
privately?

is there any potential value to the waste
material, and if so, can that value be enhanced?

Ocean disposal is one of many options for sludge
disposal. While it is not the intent here to point to
any one technology as the best alternative, this paper
will explore the financing options available for

communities disposing of their sewage waste in ocean
waters.

GOING PUBLIC OR PRIVATE?

In attempting to address the issues presented
above, and particularly whether a program or facility
should be financed publicly or privately, one must
first consider the factors that affect decisions
related to public/private partnerships for sludge
management. These factors include technolegy, public
relations, resource management, public health,
environmental concerns, and economics.

While the costs of different treatment and
disposal technologies obviously differ, if there is a
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potential for the projeet to be privately financed, a
key factor is that some technologies and disposal
methods are more suited to private investment than
others. In addition to the actugl business opportunity
of performing the 8eérvice, investors look to tax
benefits to @ake the opportunity more attractive. For
example, equipment intensive technologies provide the
opportunity for a high percent of five-year depreciable
property and investment tax credits. For comparative
purposes, consider iand application based treatment
technologies. Since land is not depreciable, potential
tax benefits are much lower.

A program of public relations isg essential {f
waste disposal is to be financed privately, because the
general public must be convinced that the activity,
which is related to public health, is in the bands of
responsible parties. Public support must be continually
maintained at high levels if the private sector is to
be involved.

Resource management is an important part of any
business venture. In waste treatment and disposal, the
resources to be managed include personnel and
environmental and economic resources. A private firm
will try to optimize the use of these resources. A
major difference between public and private approaches
to sludge management is as follows: what the public
sector typically considers waste disposal, the private
gsector considers waste management. In other words, maay
private, profit oriented firms, especially those living
with or looking for business opportunities within The
Resource Conservation and Recovery Act (RCRA)
regulations, consider the "waste" material and the
opportunity for waste management as potential revenue
generators. This topic will be discussed again before
the end of this paper, as there may be important
implications for the public sector.

Contractual specifications are the key to
addressing any public health and environmental conceras
that may arise as a result of turning over waste
disposal responsibilities to a private sector firm.
When a municipality contracts with a private firm for
the provision of a service, the responsibility for the
quality and timely delivery of that service remains
with the local government. Through a comprehensive and
carefully written contract, safety and bealth ensuring
measures can be made part of the arrangemeat.

The issue of economics is relatively straight
forward. Independent of the other issues Fhat pertain
to the decision to go with private financing, if the
private sector firm can provide the same level of
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quality service at a lower cost than the municipality
can by performing the service itself, theo most would
agree that under Reaganomics the service should be
provided through the private sector. However,
perspectives and concerns of others must be considered.
¥hile certainly important, ecoanics is only one factor
in the decision, and the econcmic analysis should
recognize that the community must still contribute time
and effort into implementation, monitoring and
oversight activities.

The method of waste disposal is another factor
which affects the decision to go public or private. The
tive most common forms of sludge disposal are: land
application; distribution and marketing of a sludge
derived product; landfilling; incineration; and ocean
disposal.

Currently about 25 percent of the nation's sludge
is applied to land. In some cases, such as in
agricultural and forest application and land
reclamation, sludge is used to improve agricultural
productivity as well as serving as a sludge treatment
system. In other instances sludge is applied to land
dedicated solely to the purpcse of sludge disposal.

Diastribution and marketing of sludge products is
perhaps the most business oriented disposal option.
Sludge products sold for application to lawns, shrubs
:n: otger grnamegt:i plan:s, grcha;dsla:d nurgerieg the

ake advantage o e cash value of sludge. ne o
mgst well konown products is Milorganite, a heat-dried
sludge product sold as a soil conditioner.

Cities that distribute heat-dried sludge include
ghicago,ulllinois; Houston, Texas; Largo, Florida;

ewport News, Virginia; and the Greater Atlanta
Georgia, area. lunicipalities that distribute camPDBted
sludge include Philadelphia, Pennsylvania; the District
of Columbia; Kittery, Maine; Topeka, Kansas; Sait Lake
City, Utan; Columbus, Obio; Missocula, Montana;
Portland, Maine; Portland, Oregon; and the Greater Los
Angelgg. C:lifornia, area, (1)

€ three remaining methods, incineration,

landfilling, and ocean disposal,’as commonly practiced,
have a common feature. Although some work is being done
int;hg a:ea of co-incineration, none of the three
wethods look to the potential value of the waste
material, as would a private sector firm. In addition,
;Egria:;r;wo 2a:: the pgtantial disadvantage of being

- solutions. nvironmental concerns over
landfilling and ocean disposal have led to the outright
banning of sludge landfilling in New Jersey and
designation of a 106 mile site to replace the 12 mile
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gite for ocean dumping. The majority of Bludge in New
Jersey, measured on a tonnage basig, is curreatly ocean
disposed. If ocean disposal were to be eliminated, the
next least expensive and most easily implemented !
alternative, which would be landfilling, has been
previously removed from conglderation,

PRIVATIZATION

Private sector involvement in the area of
wastewater and sludge treatment and disposal is a new
trend, commonly referred to as "Privatization."
Privatization is a process through which local
goveraoments can capitalize on advantages unique to the
private sector in owning, building and/or operating
capital inteansive facilities. The advantages of gervice
delivery through privatization include potential
construction cost savings and lower financing costs,(2)
Construction savings result from gimplified procurement
processes and regulations, and minimal regulatory
involvement. Because a privatization project is private
sector work, the requirements of public procurement and
construction do not hold. The ultimate cost to a
community of a service provided through privatization
may also be significantly lowered due to tax benefits,
which are available to the private sector, but are not
avallable to tax-exempt municipalities. Among these tax
benefits are an investment tax credit, accelerated
depreciation and deductibility of interest.

Privatization provides other benefits as well.
Through the private sector, operational efficiencles
have the potential to lower operation and maintenance
cests. These operational efficiencies include: pooling
of technical and management personnel for multiple
facilities; bulk ordering of chemicals and supplies;
and the existence of a profit motive, which encourages
innovative operations and uses of treatment facilities.

A typical privatization transaction is shown in
Figure 1,

From the governmental perspective, the government
has a contractual relationship with a private
owner/operator for the establishment and operation of a
facility to meet the service needs of the area. In
return, the community pays a service fee according to a
Predetermined rate structure, while the private
owner/operator must meet contractually defined service
standards to earn the fee.
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AY/ PRIVATIZATION®
General Approach
| GOVERNING [ 7T e service
UNIT Cantract
g:?::?ﬁ: Facility and &‘\
i Service Need 3y
; Service
/ Need PRIVATE
OWNER/
USERS OPERATOR
Delivery
of Service Financing, Construction
and Oparation
FACILITY
Figure 1

From the private owner/operator perspective, the
owner/operator wins the business opportunity of an
important service contract. In return for what is
expected to be a reasconable profit, the owner/operator
assumes most of the risks involved in fimancing,
constructing and operating the facility in accordance
with contract terms for the delivery of the service.

To the users of the service, the privatization
transaction is invisible. The city sets the user charge
rate and ''retails" the treatment and/or disposal
service, which is provided by the private sector
"wholesaler". In addition to billing and collection
from system users, the city typically will maintain
reponsibility for system hookups and disconnections,
customer correspondence and other customer
interactions., The "privatizer" may be free to deal
directly with non-municipal users of the system, and
large commercial and industrial users within the local
area.

One of the most recently completed privatization
projects is in Auburn, Alabama. Construction is already
underway and the facility 1s scheduled to go on line in
Gctober, 1986, Among the project's distinguishing
features is that it is the first full service
wastewater treatment privatization project to date in
the United States. That is, there is one firm providing
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the financing, design, construction and operation of
the facility. It is also the country's largest
wastewater_treatmegt Privatization project to date.
Through privatization, a 5, 4 mgd plant will be built on
the southside, a 1.6 mgd plant will be built on the
northside and a total of 27 miles of interceptor sewer
lines will be constructed. Savings due to privatizatien
over the life of the 25-year project are estimated to
exceed $25 million. Auburn considered other financing
options, including local financing, a combination of
local and grant funding, and privatization.
Privatization resulted in the most economical
alternative for Auburn. An economic comparison of the
treatment options is presented in Figure 2.

AUBURN'S WASTEWATER
o TREATMENT OPTIONS
'F ECONOMIC COMPARISON

- CITY PNANCING

1k e mmmg._m

anr PV ATIZATION

S MILLIONS PER YEAR

s
!-
b
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DETERMINING THE FEASBILITY OF PRIVATIZATiON

Understanding why a community would want to
undertake a privatization project, it is important to
understand how a community would determine if
privatization is suitable for its particular needs.
Determining the feasibility of privatization, and once
it is determined feasible, establishing an
implementation program, can be described as a three-
stage approach, which is diagrammed in Figure 3.

The first stage is a feasibility study in which 7
key areas are evaluated. The first step is to obtain a
clear understanding of the community's needs. Many
communities already have this information available.
The need for a new facility may be so great that the
facility has already been designed and the only problem
to overcome is a lack of financing. A good source of
information is likely to be the Mayor or City Manager,
Public Works Director or Consulting Engineer. For
example, the information for a wastewater treatment
facility is likely to be obtainable from a 201
facilities plan, which may have been prepared as part
of the U.S. EPA Construction Granits Program.

AY/ PRIVATIZATION®

ANALYSIS DECISION MAKING IMPLEMENTATION
I ;
o Neads — Overmght
» Technology B
* Vendor Interest
+ ftisks & Benafits »
= Financial
= Institutional
* Regulatory ] Construct
L] Opermta

Copyelght 1983 Arthur Yourg

Figure 3
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The second area is a study of technologies., The
choice of technology will affect the economics of a
privatization project in that the more equipment
intensive technologies will result in greater tax
benefits. FEquipment inteusive technologies offer a
higher degree of 5-year depreciable property than do
land-based technologies.

The third area for study is an assessment of
vendor interest. The level of private sector interest
in privatization of a proposed project must be gauged,
and a strategy to cultivate private sector ipnterest in
the proposed project may often be appropriate. One
approach to encourage interest and competition is to
advertise the proposed project and to request
preliminary expressions of interest and/or
qualifications. As an example, pefore deciding to make
the investment of time, effort and funds in prepariog
and issuing a request for privatization proposals, the
Village of East Aurora, New York decided to solicit
preliminary expressions of interest from potential
privatizers of a needed treatment facility. The total
project construction costs were egtimated at
approximately $3 million. Having received a strong
demonstration of vendor interest in i1ts project, the
Village proceeded with the confidence that potential
privatizers would be available.

The next area of analysis is that of risks and
benefits. Impacts on a site gpecitic basis must be
addressed for each project from political, economic and
social perspectives. These impacts are likely to
include factors such as the impact upon economic growth
and the control of future development. Equally
important to consider 1is the strategy for protecting
the interests of existing employees and local vendors,
the potential of an increased tax base and the
importance of educating the public and the local press
about the concept.

The fifth area is related to performance of a
financial alternatives survey. The economics of
privatization are compared to other available financing
alternatives. If privatization is found to be the best
alternative, then the decision becomes which option
should be chosen for stucturing the privatization
transaction. The objective in putting together a
financing package for privatization 1is to obtain the
lowest annual charge for users of the facility, while
at the same time obtaining an adequate return on
investment to tbhe private sector.

Privatization project financings are backed by
project revenues, not municipal credit. These
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transactions canh pe financed with debt or they may
involve some combination of debt and equity.

Therefore, another objective in structuring the
transaction is to be responsive to both debt and equity
markets.

The sixth area in the feasibililty study addresses
the institutional factors which may influence the
privatization project. Generally, legal issues which
must be addressed include any existing limits ou a
community's ability to enter into a long-term
contract. Private sector firms involved in the
operation and maintenmance of facilities built through
privatization want assurances that their contracts will
last on the order of 20 to 25 years, so that they may
take advantage of the full tax benefits available. II
a community is constrained in its ability to enter into
long-term contracis, the privatization preject may not
be attractive to some private sector firms.

Limitations or constraints om the method of
procurement allowable for communities is important,
because oftentimes, a community finds its would prefer
to negotiate a privatization contract with one or two
firms, rather than go to a competitive bid process for
privatization.

A third type of legal issue to be addressed is
whether or not any constraints exist on the type of
contract which will be eantered into between the
community and the private sector firm. In doing an
analysis ot institutional factors and legal issues, the
gituation often arises that enabling legislation needs
to he passed to allow privatization to go torward.

Such was the case in the State of Utah, before the
State passed the Utah Privatization Act. A number of
other states have either passed or are considering
enacting privatization legislation. These states
include New Jersey, Georgia, Tennessee, Connecticut,
Florida, Washington and Pennaylvania.

The seventh area for analysis in the privatization
feagibility study is that of the regulatory interfaces
which may occur during the project. This area of study
concerns the involvement of regulatory agencies at the
federal and state levels. Representative issues which
must be addressed during the feasibility study are the
role that the state government will agsume with regard
to privatization, compliance with National Pollutioo
Discharge, Elimination System permit requirements,
enforcement issues, treatment program requiremwents,
environmental aesthetics and other factors.

The feasiblity study, if properly prepared, will
have identified a variety of acceptable procedures or
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alternatives for each of the study areag. A community
must choose among them to establiah 1tg step-by-step
implementation plan. In some cases, circumstances may
warrant that additional matters be considered. Ig
others, previous decisions will reduce the alternatives
to be congidered.

In choosing the alternatives, a number of key
decisions will bhave to be made by the community.
Decisions relating to ownership and operation of the
facility are of special concern to both the local
government and the private sector firm. For the
private firm to be eligible for the tax benefits, it
must bave ownership of the facility, However, the
public sector should have the right to a purchase
option, due to various legal, financial and other
matters. The purchase is an important leverage tactor
for the public sector. The purchase option and the
conditions under which it can be exercised must be
written into the privatization contract.

Other issues of ownership may involve the land on
which the facility is located. It may be appropriate
for the community to own the site and lease it to the
private sector firm for a reasonable, aonual fee.
Decisions regarding management of the facility relate
to the fact that a community is turning over provision
of an essential service related to public health. The
nature and importance of the service demands that the
community monitor the private sector's performance. In
addition, most privatization transactions wilil include
provisions for potential ownership transfer of the
facility to the public sector at some future time.

Since the public must be assured of the quality and
reliability of the service provided, and of the overall
condition of the facility, the community should require
that it be aliowed to have significant quality control
and oversight responsibllity. Therefore, while direct
management will most likely rest in the hands of the
private sector firm, the munieclpality may want to
stipulate minimum reporting and management system
requirements for the private sector firm to meet.

Similarly, the community must decide the oversight
responsibilties which it is willing to undertake.
Oversight responsibilities should include activities
relating to the design of the facility and should
continue through comstruction and operation. Local
officials must concern themselves with the service
quality, cost, and its timely delivery. In the case
where a new facility is designed and constructed, the
community's engineering advisors should review design
Plans and play a pre-determined, on-going oversight
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role during construction and/or operations.
Establishing a privatization schedule will require
consideration of all aspects or privatization,
joncluding the immediacy of treatment needs and the
means by which the services of the private sector will
be obtalned.

One of the major challenges facing the community
ig selection of an appropriately qualified privatizer
or service provider. Generally, and if allowable under
iocal and state law, a municipality has two options for
procurement: negotiated or competitive. If a
competitive procurement process is chosen, a request
for qualifications or a request for privatization
proposals can be requested from interested firms.
Table 1 is an example of what a representative sludge
management RFP might contain. Once proposals are
received and evaluated and the most qualified firm
chosen, the next step is to enter into contract
negotiations. Eey issues during negotiations include
technical matters, legal matters, issues related to
risk mangement, financial issues and the types of
overalght and education programs presented by the
proposer.

PRIVATIZATION OF SLUDGE MANAGEMENT FACILITIiES

While privatization is applicable to complete
wastewater treatment systems, it can also be used for
sludge management facilities. A Baltimore area sewage
autherity is undertaking a privatization project for a
reactor composting unit to process 30 dry tons per day,
with the potential for revenue trom sale of the
processed material as fertilizer. The project is likely
to be financed with approximately $10 million in
Industrial Development Bouonds. There are at least six
other privatization projects currently underway, or
under consideration, for sludge management facilities.

Camden County, New Jersey provides an example of
bow privatization can meet the specific needs of public
agencies. Over the past decade the County has recelved
and continues to receive significant assistance from
D.S. EPA for the construction of required wastewater
treatment facilities. Need of increased capacity in
both plant and collection systems, more stringent
treatment requirements, and decreasing availability of
grant funds in the state, have left the County to
finance a required sludge management facility with
local funds. An analysis of potential user charges
under various scenarios of grant funding was performed
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Table 1

Representative Contents of
Request for Proposals for
Sludge Management Facilities

1. Letter of Welcone
Purpose/objective of RFP
Instructions

Summary of Needs

Summary of Project Design
Procurement Process Summary
Schedule

Lo 2 = I =T =R =

Instructions

Standardlzed Assumptioans

Risk Posture of the Authority

Proposer's Qualifications

Guarantees Required

Other Requirements

Standardized Table of Contents for Proposal

=R =T =~ R = =

3. Technnical Conditions and Assumptions

Location and Description of Existing Facilities
Flows and Wastewater Quality Data

Sludge Quality and Quantity Data

Definition of "Acceptable Sludge"

Acceptable Technologies

Engineering and Survey Documents Avallable
Availability for locreases in Flow

Required Technical Description of Technology
Description of Proposer's Existing Facllities
Marketing and Distribution Plan

Contingency Plans

QCOQQQOCOQOR0R

4. Legal Insurance and Related Matters
Ownership/Use of Site

Term and Termination of Service Agreement
Insurance and Indemnification Requirements
Permits

Existing Employees

Agsignment of Contracts

Force Majeure Provisions

Compliance with Applicable Law/Regulations
Penalties for Non Compliance/Non Performance

OQ0OCCQOCO0



272

Financial Conditions and Assumptions
Standardized Fipancial Assumptions
Base Service Charge

Revenue Sharing

Purchase Option

Bepair and Replacement Funds

State and Local Tax Information
Financial Plan

coo0oO0ROCO

Anticipated Interfaces

o Municipal Government

o Public fRelations/Public Education
o Regulatory Agencles

Facility Management System Requirements
o OLM of Facilities

o Marketing and Sales

o Reporting Requirements

o Oversight Program

Proposal Evaluation Process and Award
o Evaluation Process

o Evaluation Guidelines

o Contract Negotiatioms and Award
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by Arthur Young. Since the t ¢
sludge could be segmented reatment and disposal o©

appears that privatization coulgd reduce user charges in
comparisgm to local pynlic financing without
endangering the grant funding that is avallable to the

sludge management faciiitieg bave varied both in style
of procurement and extent of privatization. iIn the
Baltimore drea project for example, the authority
specified in its Request for Qualifications the type of
techpology desired, and the level of experience
required by prospective proposers. This iimited the
number of firms which responded. The authority then
chose two firms for concurrent competitive
negotiations. The Authority used its own financial
advisors to lntensively review proposed financial
plans.

Negotiations, which covered detailed technical
matters, financing, risk sharing, revenue sharing and
guarantees, were coducted gver a period of 4 to &
months.

In contrast, the City of Orilande requested
proposals for privatization of its sludge management
facilities, but did not restrict proposals with respect
to a specific technology. The City screened proposals,
each containing cost estimates for different
technologies, and held oral interviews with several
tirms before selecting ome for contract negotiations.

In a recent development in Utah, the Central
Valley Water Reclamation Facility Board is exploring
several levels of privatization. The Board has Just
issued a Request for Proposals for the congtruction of
2 sludge disposal facility. As in the Balitmore
procurement, acceptable technology has been limited.

In addition, the Board is requesting that the Proposals
address three types of arrangements: A '_‘turnkey"
approach in which the proposer would design, coantruct
and startup the facility; a "full service" approach in
which the proposer would design, coanstruct and operate
the facility; and a "privatization™ approach in which
financing and ownership of the facility wot}ld algo bhe
the responsiblity of the proposer. By taking this
approach the Board has left its options open so that
the Board can review the various alternatives and
choose the approach tbat best meets its needs.
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OCEAN DISPOSAL: PRIVATIZATION?

Before discussing privatization of ocean disposal,
jt is necessary to review the factors that affect the
economics of ocean disposal. it is clear that a number
of factors come into play. Among these factors 1s
gsludge quantity; the technology for sludge treatment;
community slze; storage requirements; on land
transportation requirements; and digposal monitoring
costs.

The cost of ocean disposal is proportional to the .
amount of material to be parged and the distance that
must be traveled. Whether the material is measured in
volume of wet sludge or the mass of dry sludge, cosis
will increase as the quantlity of sludge increases.

Certain sludge treatment processes will affect the
econonice of ocean disposal. Thickening and dewatering
may reduce the gquantity of sludge and thereby reduce
parging cosis. However, the potential gavings must be
compared to the cost of installing and operating the
sludge treatment equipment.

Large communities are more likely to afford the
coats assoclated with ocean disposal than are smaller
ones. A portion of these costs relate to the permitting
and monitoring programs required for ocean disposal.
For small communities, the cost of these programs may
only be affordable when ocean disposal is undertaken in
conjunction with other communities. Such associations
would also eansure that sludge hauling vessels would be
filled frequently enough for efficient operation.

Part of the cost of ocean disposal is related to
sludge storage requirements. Storage facilities,
whether tanks, land capacity, or in some cases, sSpare
barges, 3re necessary for periods of disruption in
service, or more likely, for periods in which all
available barges are either in transit or out of
gervice. The elements which determine the storage
requirements are the time duration of hauling trips,
the capacity of existing barges and the rate of sludge
production. Sludge treatment facilities are often
adequate storage facilities.

For a shore community, relatively pear navigable
water, on land transportation costs will not be ab
important factor in the economics of sludge disposal.
But for an inland community, or a community without 2
protected, navigable harbor, transportation to barge
loading facilities could prove expensive depending on
the distance to shore.

Two other cost factors are somewhat related. The
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greater the distance that must be traveled at sem, the
higher the disposal cost. A conceran often expressed
about ocean dumping is that poor weather conditions and
rough water provide incentive for "short dumping,* a
term which refers to the discharge of waste material
prior to the barge reaching the designated site. To
discourage such action, selectronic mooitoring equipment
can be used, but it is expensive.

¥hile the list of factors affecting the economics
of ocean disposal is by no means all-inclusive, it does
provide some insight into overall cost consideration.
Another source of insight into the costs of ocean
disposal is provided in a report recently issued by the
National Academy of Sclences (3). The report presents
a parametric cost analysis for surface vesssl and
pipeline waste transportation, and includes case
studies of disposal sites.

One of the most highly publicized case studies in
ocean disposal is the controversy over the "12-mile"
site versus the "106-mile" site for ocean-dumping
communities in the New York/New Jersey area.

12-MILE SITE VS 106-MILE SITE

In 1970 Congress passed the Marine Protection
Research and Sanctuaries Act, designating the 12-mile
site off the New York/New Jersey metropolitan area for
sludge dispeosal. Although the designation was
temporary, and expired in 1981, dumping has continued
under court orders. The 106-mile site has been
designated as a replacement, but regulations conceranlng
the site have not yet been promulgated.

While ocean disposal is generally considered an
economically feasible method for sludge disposal, costs
arising from required permitting and monitoring, and
the potential requirement for deepwater dumping
significantly increase the cost of ocean disposal. The
sludge disposal issue currently faced by New York City
is commonly referred to as the 12-mile versus 106-mile
controversy. According to information provided by the
City's Division of Plant Services, switching from the
12-mile site to the 106-mile site will increase
disposal costs from $0.08 to $0.28 per cubic foot (over
a 300% increase) and increase hauling time from 5 hours
to 48 hours for one round trip. The City operates tug
towed barges. It is interesting to note that the $0.08
figure is half of what it has been in ?revious years, a
result of competition among various private sector
firms vying for the towing coatract.
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Competition is also cited by the Linden-Roselle
Sewage Authority as a factor in lowering its present
cost of ocean disposal. The Authority’'s present cost
for disposal at the 12-mile site is $1.14 per wet ton.
Ag recently as three years ago the price was $2.53 per
wet ton. One reason given by the Authoriy for the price
differeance is that in the past therc was only one
vendor of the service. If required to dispose at the
106-mile site, the Authority estimates that the cost
per wet ton will increase to $8.50. The Authority has
been locking into other disposal alternatives and has
veen investigating different options involviang private
sector firms.

Many private sector firms consider the switch to
the 106-mile site as a new business opportunity. They
realize that communities are not equipped to handle the
longer hauling distance. One dredging company undertook
ap intensive effort to poll ocean disposiug communities
to determine if it should enter into the sludge bhauling
and disposal business. The results led the firm to
investigate the potential opportunity further..

PRIVATIZATION OF OCEAN DISPOSAL

From an economic perspective ocean disposal is
already considered to be a legitimate and worthwhile
business by quite a number of private sector firms; and
privatization concepts can be applied to ocean disposal
of sewage sludge. However, while privatization of ocean
disposal is economically viable, from an overall
perapective it is unlikely that privatization will be
viable for ocean disposal. The economic viability is
based partially on that quite a bit of the investment
necessary for an ocean disgposal project would be
considered five-year depreclable property. For example,
digestors, and digestors used as storage tanks, on-land
transportation vehicles, barge loading equipment,
barges and tugs would be considered five-year
depreciable property. Terminal facilities would be
congidered structures and therefore would be
depreclable over eighteen years. This potentially
attractive tax posture, coupled with the overall
businegs opportunity, could make ocean disposal a good
economic candidate for privatization. However, the
uncertainty with respect to enviroamental acceptibility
associated with the disposal method makes the disposal
method unattractive for privatization. The greatest
uncertainty is associated with the remaining life of
ocean dumping as a legal disposal alternative. The



an

United States Environmental Protection Ageancy is
already on record as favoring an end to ocean disposal
practices. It 1s uplikely that a private mector firm
would be willing to commit the large amount of capital
resources that would be necessary given this
unfavorable climate., Even if the resources would be
committed, the uncertainty also makesa questionable the
availability of long term service contracts, which are
usually on the order of 20 to 25 years, and are
necessary for the private firm to maximize the
available economic benefits,

Privatization of ocean disposal 1s not likely to
be undertaken i1if a firm will be required to make large
capital investments. However, a firm that already owns
the necessary equipment, but is not yet in the mludge
hauling business, may take advantage of the business
opportunity that could be offered through contract
hauling arrangements.

A BUSINESSMAN'S PERSPECTIVE

Although privatization may not be applicable to
ocean disposal of sewage sludge, there are still
lessons to be learned from the approach that would
likely be taken by a private sector firm.

A private sector or businessman’s perspective looks to
maximize the ecopomic benefits of every resource. As in
the case of sludge management facillties, where private
gsector firms are vying for the opportunity of using an
end-product of sewage treatment as a revenue producing
resource, a business man would not consider ultimate
disposal until all possible value is exhausted.
Consider the approach, or turn around, experienced by
Dupont. The firm had been dumplog acid at the 106-mile
site. Recognizing its value, the firm opted to recycle
the acid into a saleable product.(4)

Based on economic benefits avallable, without
judging i1ts technical merits or the merits of other
possible alternatives, ocean disposal of sewage sludge
is a waste of economic and esvironmental resources.

Through sludge management techniques, it is
possible for this "waste" product to be used for
beneficial purposes. Ameong these uses are: as ab
organic fertilizer to enhance agricultural
productivity; as a source of methane gas; and as land
reclamation material.

As a closing point, it is interesting to note that
a number of the most recent innovative technologies in
sewage treatment consider sewage sludge a resource.
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Technologies such as the production of sludge "bricks,"
the generation of electrical energy from 2 mixture of
gludge and other fuels, and a new process known as
"CCBA," wbich stands for Chemical and Coordinate
Bonding and Absorption, both produce materials which
bave ugeful purpcses. The CCBA process is & chemical
treatment and recovery system. The end product is a
ceramic pellet, which can be used as a filler in
lightweight concrete, according to the process
developer.(5)

In summary, future private sector approaches to
financing waste disposal will consider a variety of
poasible uses rather than ultimate disposal.

NOTES
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