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nature. The social emphasis comes from a recognition that the
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and its success heavily depends upon societal acceptance of such
recycling above and beyond the need for technological developments.
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1. Definition of scientific unknowns which may adversely
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2. Definition of technology needs reguired for public
health assurance.

3. Identification of legal, social, political, and@ economic
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4. An analysis of consumer acceptance of marine foods
derived from wastes.

5. Recommendations of directions in which to proceed to
develop a stable marine-waste food recycle industry.
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conclusions and Recommendations

The focus of this study is to discuss the potentialities
and problems of using thermal effluents and/or secondary sewage
as inputs to a marine agquaculture system. While the current
technology of marine aquaculture is relatively undeveloped,
and the use of waste in such a system is even less developed,
the potential for such systems appears tremendous, and there are
no apparent blocks which could not be overcome by active research.

At some point in the future, the growing demands on our
coastal zones for both waste disposal and food production will
only be met by a sophisticated, complementary and managed system.
Meanwhile, feed cost for raising fish and farm animals will prob-
ably continue to rise, making the use of recycled wastes for
feed in an aquaculture system an economically attractive concept.
Action taken now to develop an effective managerial capacity
could well ensure a sensible and safe appreoach, rather than a
haphazard andé hurried one later on.

The economic viability of a marine waste-food recycling
industry has not yet been demonstrated. Research regarding the
safety of such systems, but applicable in a much broader way,
will probably have to be government-sponsored. That kind of
research is both too expensive for any one company to justify,
and is not really appropriable by any one company, but rather by
a number of industries. It is also difficult to forecast the
costs of moving from small-scale pilot efforts to viable opera-
tions without knowing what costs may be involved in the preven-

tion of chemical and biohazards in the system.

While aquaculture generally provides the economic and mar-—
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ket advantages of increased productivity, decreased growth
ing

period, and the penefits inherent in a managed versus "wild®
eriod,

figh-catching system:, 2 waste recycle system

a) opens up the possibility of more northerly agua-
culture operations, perhaps broadening the range of
species toO offer for consumpticn, as well as fur-
ther diversifying regional economies;
h) provides an opportunity, if appropriately located,
to turn thermal and sewage effluent into an asset
rather than a liability;
c) has potential for lowering feed costs for aguaculture.
Yet, a waste-recycle system has some current disadvan-
tages:
a) The possible presence of carcinogenic chemi-
cals in input wastes produces health hazards.
Very little is known about tolerance levels in
the fish themgelves and about the transmittal
and concentration processes in the food chain;
b} There will be need for legal variances and
Changes to allow for the intreduction of techno-
logy on a large scale to a previously "uncon-
trolled” fishing industry. Since there is not
a8 uniform set of enforced standards for all
forms of aguaculture and fishing, there is rea-
son to expect strict regulatory demands for
monitoring and control factors.
c}

The uncertainty of a guaranteed, safe, high

quality product at this time brings concomitant



uncertainty about the economics of production,
and the responses cf legal bodies and the con-
suming public;

d) Current coastal zZone management practices make

difficult sitings of operations of any magni-
tude, which will significantly alter the
"coastal environment”;

e) Consumer acceptance of the waste-grown sea-
food will be a significant determinant in its
ultimate success, and a carefully planned pub-
lic education and advertising program will have
to be undertaken to ensure acceptance.

While the disadvantages mentioned herein are significant,
we foresee them as surmountable. fThus, the concept of marine-
waste food recycling systems will likely be adopted, but not
for some time.

In view of these conclusions, we recommend that:

A, The Federal Goeveanment should continue £o fund

1] Reseanch refating to chemicaf tolerance
Levekls and biohazands ;
2) Reseanch in monitoning for these hazaxds.
These areas are necessary for protecting public health, and

are often expensive areas of research which are applicable to a
large number of other problems of the society relevant to other
industries; this research is not necessarily appropriable to any
one beneficiary who might feel such a large investment warranted,

yet it is research essential for the protection of public health.



Tnvestons An aguaculiure Ahould

1] Keep open the option for a manine-waste recyclde

sustem;

7} Be prepaned fon fainfy Long-fLeam {nvestmen
periods and fjainfy Lange capdtal inpuls foxr
a manine-waste-food recycle system.

Before a marine-waste-food recycle system can be commer-
cially feasible, there need to be rational, safe tolerance levels
established. uUntil a uniform set of standards for tolerance
levels can be achieved for all forms of aquaculture and fishing,
we believe that less complex and costly systems of aguaculture
would provide much better business opportunities. The potential
costs and risks involved should_ inhibit others from ceonsidering
this concept. They may go intc reqular aquaculture now with
large investments and find that society's growing demands for
quality control in five years or so, with accompanying higher
systems costs, make old systems obsolete compelling new invest-
ments in MWFRS-type operations which they cannot afford.

C. Those with inzenests in aquaculiure, marine-waste-food

necycle systems, and publfic health shoufd

. Educate and i{nform persons at State and Federal

£evels

a. To assure that nesearch money {s allocated;

b. To have the maximum number of persons

nformed when Legislative {nitiatives are

approepriate

This a . .
ducation might emphasize the inevitable food shortages

in the not-seo-qi
distant future, and the compelling need for recy-

cling OuUr resourceg

rg,g;gg:;;__.: R




Chapter 1. Problem Definition

1.1 Introduction

The introduction of something new into society is not always
an easy process. With increasing population, industrialization
and rising living standards, greater demands are being made on
man's resources and his resourcefulness. The growing awareness
that there is not an endless supply of land, food, and other
natural resources necessary to maintain a modern society has
produced certain changes in attitude and activity at almost every
level of society. Concern over environmental degradation, over
possible energy shortages, food shortages, and a number of other
problems which threaten to constrain man's activities has affected
decisions in both the public and private sectors.

Many of these problems converge in the coastal zone, and as
a consequence appear to exacerbate one another. A reasonable
sclution to crowding, pollution, and misuse of resources is the
maximization of the available resources according to a carefully-
thought-out plan of priorities to turn detrimental effects to
advantage and to assure benefits over costs,

In specific terms, the greater number of people in the
coastal areas create an increasing amount of waste which is often
disposed of in coastal waters. This increased activity also
results in greater demands for power, requiring additional power
pPlants. The need for cooling systems for the many power plants
has added another potential form of pollution and social cost to
coastal areas. While these examples represent only part of the
principal problem of resource management in the nation as well
as the world, they provide a good basis for understanding angd

justifying the efforts which are currently underway for marine-—
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waste-food recycle systems which this study addresses. Because

the disposal of sewage and thermal wastes poses a potentially
serious problem for society, these systems attempt to turn thenm
to a positive use by making them essential ingredients in a food-
production system, giving sewage and thermal effluence a degree
of value where they currently represent only costs. From some
points of view, the distribution of temperature and nutrients
is far from ideal in the marine ecosystem, so the very real
possibility exists of improving over nature with the carefully-
controlled release of these products to the environment.

There are, indeed, constraints that stem from the introduec-
tion of new concepts and possibly new products into society.
As risks and costs are involved to some considerable extent, the.
need must be demonstrated and justifications given for changing

whatever must be changed to bring about the acceptance of these

systems and their products.

1.2 Objectives
It is the primary focus of this study to point out the real

advantages of a waste-food recycle system while bringing forward
all of the current and foreseeable problems such an effort would
entail. The study covers a wide range of problems, particularly
those which are biological, social, political or legal in nature.
The social emphasis comes from a recognition that the reuse of
waste for any human consumption is a very sensitive idea, and
its success heavily depends upon societal acceptance of such
recycling above and beyond the need for technological develop-

ments.

- .
© achieve broad coverage of the problems, the study team




was composed of an eclectic group, able to bring a wide range
of disciplines into consideration (see Table 1.1). The combina-
tion of perspectives has produced a study which is able to anti-
cipate a broad range of societal needs and reactions to the
proposed industry.
Following is a more explicit and concise definition of the
study objectives:
1) Definition of scientifiec unknowns which may adverse-
ly influence industry development;
2) Definition of technology needs required for public
health assurance;
3) TIdentification of legal, social, political, and
economic issues on which decision-making will depend;
4) An analysis of consumer acceptance of marine
foods derived from wastes;
5) Recommendations of directions in which to proceed to

develop a stable marine-waste-food recycle industry.
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Chapter 2. State-of-the~Art and Potential Development

The concept of aquaculture itself is as yet very unexplored
and undeveloped in the Western world. As it is our intention
here to explore the possibilities of waste-fed agquaculture, it
is important to point out that this adds but another dimension
of assets and problems to an already large array of unknowns
in the field.

The use of thermal effluent in aquaculture is far more ad-
vanced than that of sewage waste, and it is important to differ-
entiate between the two throughout this study. Many of their
Problems coincide, but the number of "unknowns" is far greater
for the sewage recycle concept. We therefore largely address
them separately on the technical level, and address them jointly

in the chapter on Legal, Political and Social Issues.

2.1 The Use of Thermal Effluents in Marine Aguaculture

2.1.1 The Problem of Thermal waste

The total electric power-generatinrg capacity in the United
States during 1970 was about 340 million kilowatts. In the next
twenty years this figure is expected to grow perhaps to triple
that amount. This increased capacity will come from both fossil
and nuclear fuel plants. These plants are likely to be very
large units. Many nuclear plants now in the planning stages
#ill generate over one million kilowatts of electric power and
2ject more than two million kilowatts of energy to the environ-
rent. This implies a water-cooling flow of over 1,000 cubic
feet per second, with a water temperature rise of 15° to 30°F,
{f traditional straight-~through cooling is used, such high flows

strongly favor plant sites adjacent to large bodies of water.
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Even i¥ cooling ponds and cocling towers are used and the £luigyg
recirculated, there are still advantages in being near water to

provide for water makeup and for occasional flushing of the cogl.

ing system Thus, many of these plants will be located in our

coastal regions.

The thermal effluents or cooling waters from power plantsg
have been examined for a variety of potential uses (Mathur and
Steward, 1970; Yarosh, 1972). However, the water temperature
increases over ambient water temperatures are insufficient for
most industrial purposes. It is, in general, even insufficient
for home and factory heating. As an example, the winter water
temperature may be 30°F which, with a rise of 20°F, is still
only 50°F. For many potential uses, the costs of pumping, piping
and distributing such large volumes of water over extended areas

make these uses of the waste heat impractical.

2.1.2 Aguacultural Potential

Fortunately, thermal effluent water temperatures are in
many ways ideally suited for use in the cultivation of aguatic
organisms. The placing of many power plants adjacent to large
bedies of water promises that pumping and piping costs from the
plants to potential aquaculture sites may possibly be minimal.
The general effect of using the heated effluents is dependent
on the natural water temperature profiles. The example in Fig-
ure 2.1 is typical foyr ©Stuarine areas in New England which
exhibit a very large water temperature change from the winter

th urmm : .
low to e s er high Yelative to other coastal areas of the

country. In ¢
untry he example, 4 hypothetical power plant with a

coeolant water ;
temperatyre increase of 20°F, except for a period .

I —
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during the summer, has temperatures which do not exceed the range
of natural water temperatures found at Woods Hole, Massachusetts.
If the aguacultural operation has the option of using or not
using the heated water, this peak region can be either reduced
or eliminated. Thus, a greatly flattened curve will result

with temperatures all year round having much smaller deviations
from some average and hopefully optimum temperature. The net
effect is to expand the season of rapid growth from perhaps only
a few months to potentially the entire year. Experiments with
salmon, flatfish, trout, oysters and lobsters have shown that,
through such control of water temperatures, the growing perioed
required (Mathur and Stewart, 1972; Yarosh, 1972) to reach mar-
ket size can be significantly reduced under many circumstances
by one-half or more. The greatest potential gain is in areas

of the country that have large water temperature changes between
winter and summer, and hence generally have short growing pericds
for many species of commercial interest. The advantages are
dependent not only on the power plant heat addition and the natu-
ral water temperatures, but also on the ability to control the
water temperatures in the cultures, and to provide the other
prerequisites for growth. As an example, temperature contrel
can reduce the eight years required for lobsters to reach mar~
ket size in nature to less than two years {(Hughes and Sullivan,
1972). 1In addition, genetically selecting individuals for growthf
in elevated water temperatures above those naturally experienced g
in some cases promises to shorten the required growing period
even further, There currently is considerable activity in deter-ﬂ

mining the practicality of using power plant waste heat in 1arg9fi
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scale marine applications {see Table 2.1). Unfortunately, the

results from many of these efforts have not been published.

2.1.3 Pioneering Projects

The Long Island Lighting Company's Norport Power Station
on Long Island Sound is probably unique in having a commercially
viable shellfish hatchery situated on its 2-1/2 acre discharge
lagoon. The first experiments were conducted during the winter
of 1967-68 and applied research involving oysters, clams, scal-
lops and shrimp is still being conducted. The 14,000~-square~foot,
$300,000 hatchery is primarily used to spawn and rear oysters
to stocking size when they are placed on thousands of acres of
managed shellfish beds in Long Island Sound (Burns, 1969). This
one operation, whose primary market is the New York half-shell
restaurant trade, is estimated to be grossing $5 millicon/year
and growing rapidly (N.Y, State Department of Commerce, 1971).

The heated power-plant effluents make it possible, due to
the increased water temperature, for the baby oysters to feed
and grow during the winter when other oysters are inactive. The
increased temperature also provides increased growth at other
times of the year, and doesn't appear to get high enough in the
summer to be detrimental. During the period in the lagoon, the
oysters are estimated to grow five times faster than those in
nature, and accelerate the oysters' growth to market size by
a full year (vanderborgh in Yarosh, 1872).

Another program, at the Mason Station of the Central Maine
Power Company in Wiscasset, Maine, was started by Frederick

Towle with rainbow trout in the spring of 1972, While the rain-
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bows, harvested in October, did very well, Coho (silver} salmon,
a Pacific fish, appear to be a more promising commercial species
under the prevailing conditions. Thus, 800 Coho (four inches
long and under one ounce each) acquired from a hatchery in
Oregon were stocked in a 10 x 10 x 10-foot floating cage placed
in the plant's thermal discharge (Caldwell, 1972). 1In late
December, the remaining fish were harvested and averaged 11 to
12 inches long and just under one pound. The mortality was
under 10 percent. Due to the abundance of natural food avail-~
able, it took only two pounds of prepared trout pellets and
ground waste shrimp to produce a pound of marketable fish. Plans
are now in progress to carry out much larger-scale Coho salmon
culturing activities.

The Turkey Point Power Plant, placed on a 12,000-acre
tract owned by Florida Power and Light Co., has two conventional
oil-fired units and two nuclear units. With the backing of the
pPower company, Armcour and Company, the United Fruit Company, and
the National Science Foundation, the University of Miami started
building in 1968 and now manages a marine aquaculture research
facility at the power plant site. The primary research objec-
tives have been to develop methods to rear shrimp from eggs to
market size at a profit and develop methods to induce shrimp to
breed in captivity. While early efforts concentrated on pink

shrimp (Penaeus duorarum), effort has now shifted to a white

shrimp from Central America (P. occidentalis} which grows faster

and seems a better prospect for reliable controlled breeding.
The research facility is composed of a well-equipped hatch-

ery-laboratory building, thirty-six 445-gallon concrete tanks,
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sixteen 5,000-gallon concrete tanks, four 1l/4-acre ponds, two
1/2~acre ponds (Tabb et al., 1969; Caillonet and Tabb, 1972).
The steep sides of the ponds are covered with a rubber lining;
the bottom is composed of gray marl; the average water depth is
five feet; and the ponds can be completely drained at low tide.
The total complex is built between two man-made elongated chan-
nels, one with ambient temperature seawater and the other con-
nected to the heated power-plant effluent. These two water
sources can be combined to provide a temperature-controlled flow
of seawater.

While the aquacultural potential of Turkey Point is signi-
ficant, the future is not bright. There has been considerable
controversy, both local and national, over the thermal pollution
in Biscayne Bay from the addition of the two nuclear units. As
a consequence, the power company is proceeding toward a closed
cooling system using 168 miles of man-made canals. The recycling
is expected to result in a slow buildup of various substances,
inﬁluding low~level radiocactive materials in the cooling water,
which will probably make the sale of animals grown in the system

for food legally impossible.

2.1.4 Major Problems in the Use of Thermal Effluents

2.1.4.1 Technical Problems

While aquaculture may promise greatly increased benefits
from the use of waste heat now rejected by power plants, it is
unlikely that it alone can provide a near-term solution to the
thermal effluent problem itself. The immense water volumes in-

volved are but one difficulty. Most current efforts to use the

heated water in aquaculture do not actually "consume™" its heat
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content. Thus, the thermal pollution problem may be simply trans-
ferred downstream. In addition, during the summer peak when
control over the thermal output is most needed, the agquacultu-
rist is least likely to want the heated water. If aguaculture

is to be carried out in large cooling ponds used by some power
plants, the aguaculturist will probably have to either accept

the peak summer temperatures or curtail operations during this
period. However, even with partial utilization, aquaculture

may assist in defraying the costs associated with the ponds and
help in justifying their use.

It is further necessary, due to plant shutdowns both
planned and unexpected, that the species selected for breeding
can at least survive under the extremes of water temperature
that may occur naturally. This could curtail the flexibility
in species selection considerably and, after market constraints,
those species that can still be considered as practical possi-
bilities under any particular set of circumstances may be extreme-
ly limited.

The seawater quality in plants which recycle their cooling
water may not be suitable for direct use in aquaculture. This
is due to water property changes over time due to plant inputs.
However, heat could still be extracted from even a closed power
plant cooling system through a large heat exchanger, such as
a long, thermally-~conductive bulkhead.

Water temperature control may require a second independent
high-flow-rate water supply system, to be provided by the agqua-
culturist, supplying ambient temperature water which can be
blended in various proportions with the power-plant effluent.

Unfortunately, mechanical pPumping systems which provide the
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required nigh flows are a major cost item and could easily deter-
mine the economic viability of such projects. A possible way
around this problem may be to use tidal pumping for this ambient
temperature scource. Another possibility is te tap into the large
pumping systems of power plants and take some of the water before
it is used for cooling., While this might affect a plant's cool-
system and increase operating costs, mutually advantageous
arrangements might still be made, especially if new plants were
designed to consider such possibilities. There may be signifi-

cant economies of scale by combining pumping requirements.

2.1.4.2 Biological and Chemical Problems

While the use of heated water may increase the average
growth rate, it may also have other less desirable effects about
which very little is currently known. Parasites, predators, and
digseases ihat were formally either eliminated or suppressed by
natural temperature extremes or the shortness of time at some
desirable temperature may flourigsh. In addition, there is the
risk of unintentionally bringing in some of these "undesirables”
in the effluent water. Diseases pose a particularly sericus
threat., The increased metabolic rate, resulting from warmer
temperatures and more intensive feeding, greatly increases the
disease potential already existent due to the crowding together
of many organisms. Diseases, once introduced into such a favor-
able environment, can sometimes produce a virtually instantane-
ous and complete loss of culture stocks. The warmer water also
may degrade an organism's market value by changing the meat's

firmness, texture, color or taste. Further, the lack of pro-




nounced seascnal water temperature wvariations may alter the
organism's natural life-cycle patterns with unknown long-range
conseguences.

Power plants tend to be already established in densge pPopu-
lation areas where water resources are already polluted. Hence,
the possibility of introducing disease to the aguaculture envi-
ronment would require a priori water control.

A serious bacterial form of food poisoning comes from an

organism called Vibrioc paraheniolyticus, appearing primarily in

the summer months, when it thrives in warm waters. It could
pose a very serious problem in the uniformly warm waters of an
aquaculture system. (See Appendix A for further details about
this organism.)

Power plants also eject, usually infrequently and in very
low concentrations, a wide variety of toxic and potentially dan-—
gerous substances. Some of these materials are reagents used
in the power plant: others are leakage and runoff from equipment;
and some may be injected to reduce corrosion or biological foul~
ing in the plant's piping (see Figure 2.2). While legal ana
requlatory activities, such as the Clean Water Act of 1972, can
be expected to steadily reduce the levels of these additions,
they will remain for some time a factor to be considered by
aquaculturists both for whatever quantities may still be re-
leased, as well as for the occasional "accidents." In addition,
the corrosion and erosion of the plant's Piping can significantly
increase the concentrations in the cooling water of some metals
such as copper, zinc, nickel and aluminum. (See Section 2.2.5.1

for description of metals pollution problems.) As an example,
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oysters grown in a power-plant effluent have been shown to accu~-
mulate enough copper to turn their meat green (Rooseburg, 1969).
Except at high levels, the effects of these materials are gener-
ally unknown.

Many marine organisms can commonly concentrate hundreds
and thousands of times the levels of materials in the water, and
occasionally by a factor of as much as one million (Bryan, 1971).
Very little is known about the mechanisms involved which limits
our knowledge of pollution tolerance considerably. For nuclear
power plants, the accumulation of released low-level radicactive
materials by marine organisms may be an additional problem.
Determining levels for each of these different pollutants indi-
vidually and in combinations which are “safe" for human consump-
tion currently poses an extremely difficult legal, political

and scientific dilemma.

2.1.5 Summary

Aquaculture, in general, and thermal aguaculture, in parti-
cular, have a great many unknowns., There are very little data
available on the equipment and techniques that can be success-
fully used in large-scale culturing. Scaling-up small laboratory
techniques and results to larger sizes introduces major uncer-
tainties and high risks. Since performance is so uncertain, it
is often not clear whether large~scale culturing is technically
Or economically feasible. There is a need to "productionize™
aquaculture systems for larger-scale operation, increased pro-

duction efficiency, and economy.

The pilot plant experiments and demonstration projects are

egsential for Providing the information required for realistic
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analysis of aquacultural systems. Unfortunately, much of the
information which does exist is held by private firms and is of
a proprietary nature and unavailable. In general, little is
known about long-term effects of using heated water or how it
may affect the concentration and transmittal of pollutants
through the focd chain which includes man. Clearly, a great deal

of research still remains to be done.

2.2 The Use of Domestic Sewage in Marine Aguaculture

2.2.1 The Current Situation

When untreated domestic wastes are discharged into the ses
they are quickly attacked by bacteria and decomposed to their
inorganic constituents (carbon dioxide, ammonia, phosphate, etc.)
using dissolved oxygen from the water in the process. When this
occurs in confined estuaries and embayments that have restricted
eirculation and long flushing times, the accumulated sewage it-
self is unsightly, malodorous, and otherwise objectionable. In
extreme cases, the oxygen demand of the added wastes may exceed
that of the receiving waters; the area becomes anoxic; aguatic
life perishes; and ecological disaster ensues.

To prevent these undesirable effects, it is customary to
subject sewage, prior to its discharge into a confined area, to
a secondary sewage treatment process that oxidizes and mineral-
izes most of the organic waste. This procedure improves upon,
but does not necessarily correct, the ecological imbalance, for
the mineralized wastes now serve as nutrients for the growth of
unicellular algae (phytoplankton). This Photosynthetically-
produced new organic matter may be quantitatively as great as,

or even greater than, that originally contained in the raw sewﬁﬁ'



As long as the nutrients and the resulting algal popula-
tions remain at or near the sea surface, the plants actively
produce oxygen and pose no threat to the oxygen balance of the
system. Even under these conditions, however, the dense algal
"blooms"” themselves are unsightly and undesirable from an esthe-
tic or recreational point of view as they impart a distinct
coloration and often an unpleasant odor to the water. The situ-
ation is perhaps best illustrated by the conditions commonly
referred to as "eutrophication" now prevailing in Lake Erie and
other heavily-polluted waters. Furthermore, if and when the
algae settle out of the photosynthetic layer at the surface, the
organic load and its oxygen demand may again create anoxic con-
ditions with the accompanying drastic ecological effects,

Ironically, "eutrophic" environments (i.e., those of high
biological productivity) are also normally the most valuable
food-producing regions of the world. The few places in the
ocean where natural processes of upwelling bring nutrient-rich
deep water to the surface and, as a consequence, support dense
phytoplankton blooms are also the locations of the world's most
productive marine fisheries. For example, the small zone of
upwelling off the coast of Peru, an area no larger than about
800 x 30 miles, produces annually nearly 20 percent by weight of
all the fish caught in the world. Similar activities occcur off

the coasts of southwest Africa and the Arabian Sea. Despite

23.

their impressive vields of fish, these places have the undesirable

attributes of eutrophication. At best, their waters are dis-

colored and malodoroug. at times, the systems become anoxic

with accompanying mags mortalities of marine ljife.
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Thus, in any congideration of pollution problems, the
a3y

choice is not simply between "clean” and "dirty" water, but may

also to a large extent involve the choice between high and low
productivity of organisms, including theose of direct use to man
ag food. There can be little question that the high yields of
shellfish from such places as Chesapeake Bay, Long Island Sound,
and other estuaries is due, at least in part, to the fertiliza-
tion of these waters with human wastes (Ryther, 1971). The

cleansing of these waters may therefore be accomplished at the

expense of their fisheries.

2.2.2 Aquacultural Potential

If we assume that half of our nation's population lives
close enough to the coasts that all their domestic sewage goes tt
the sea either directly or indirectly at a rate of 100 gal/perses
day, this résults in about 3.6 x 1012 gallons of both treated
and untreated sewage entering our coastal waters every year.

The best way to gain some idea of the potential of this resocurce
is to look at the total nitrogen contained in the sewage, since
it has been shown to be the limiting nutrient in marine coastal
waters (Ryther and Dunstan, 1971). If we assume an average con-
centration of 25 gm/m3 in the sewage, this one m3 is potentially
capable of Supporting the production of about 250 grams {dry

welght) of algae or about 1.25 kg (wet weight) (Ryther ot al.,

13972).  This amount of marine algae can support the production -

of ab . .
out 125 grams {wet weight} of herbivores such as zooplankts

clams, scal
P lops, OYsters, etc. Thus, the total resource could

potent; :
ally stimulate the production of 1.7 x 101° kg (wet

9

weight) per
PO Year of algae, 1.7 x 10 kg (wet weight)/year of

I — '-_:__
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herbivores, such as many ShEllfish. or 1.7 X 108 kg/year of
carnivores, such as many kinds of fish. Since the total U.S.
supply of fishery products, including U.S. fisheries and imports
and both industrial uses and that going for human consumption,
averages about 6 x 109 kg/year (y.s. Department of Commerce,
1971), the nutrient content of domestic sewage represents a
sizable potential resource, Inp addition to the sewage from
humans, there are the wastes from farm animals, mostly cattle,
which produce wastes equivalent top two billion people (NIPCC,
1971). Some of these nutrients also undoubtedly wind up in eour
coastal waters at present, and must be contributing toward the
productivity of the coastal fisheries. Much of the rest is prob-

ably used by marine organisms which are of no direct use to man.

2.2.3 Pioneering Projects

There is a considerable history of man's use of sewage to
promote aquatic food production (Allen, 1970}, and there have
been many experiments along these lines (see Table 2.2). How-
ever, a relatively small percentage of the effort appears to have
been directed at marine uses.

There are two different approaches currently being pursued
in the United States for using secondarily-treated sewage in
marine aquaculture. Both projects are supported in part by the
Sea Grant Program. At California State University the emphasis
is on raising salmon acquired from a hatchery to migrant size,
at which time they are released to grow to maturity in the wilqd

(Allen and C'Brien, 1967). These eéxXperiments are being continued

in a new "pilot plant” facility attached to the oxidation pond
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of the City of Arcata Sewage Treatment Plant at Arcata, Califor-
nia (Allen, Conversano and Colwell, 1972). This process has
several advantages. The sewage effluent effectively fertilizes
the seawater supporting heavy algal growth upon which zooplankton
feed which, in turn, are eaten by the voung fish. Since the fish
are not harvested directly, but only after an extended period in
the sea, many of the potential health hazards, as well as any
direct association with sewage, are nicely avoided. There is
also no culturing cost involved with the fish during the extended
time that they are at liberty. Since adult salmon will return

to their source of origin, it is possiblie that this process

could be economically viable, as well as provide an additional
step in sewage treatment. This approach could operate for the
benefit of either the existing commercial fisheries or for sports-
men, and as a tourist attraction. However, there can obviously
be many problems in trying to control the distribution of bene-
fits from a "crop® which is at liberty and may be accessible to

a wide spectrum of people.

The second approach is being followed at the Woods Hole
Oceanographic Institution under the direction of Dr. John H.
Ryther. This program involves the use of a complete agquaculture
system for the dual purpose of food production and a nutrient
depleting tertiary sewage treatment process {(Ryther et al., 1972).
The program was stimulated by experiments in 1969 which compared
secondarily-treated domestic sewage with prepared culture media,
and determined that sewage is a very favorable fertilizer for
the growth of marine phytoplankton, and does not exhibit any

undesirable characteristics {(Dunstan and Menzel, 1971), It is



28.

interesting to note that there is currently considerable nationa;
interest and research in a terrestrial equivalent, where treated
sewage is used tc promote agricultural crops (Kardos, 1970).
The use of treated sewage to fertilize and promote the growth of
microscopic plants at the base of the marine food chain can be
exploited to give a wide variety of desirable outputs with only'
a small number of the possibilities having yet been explored. |
While most of the effort in thig program has centered on a sewa
phytoplankton~-shellfish food chain, a much more complex food web
is involved (Pigure 2.3). Research is being carried out with
flounder, lobsters, abalone, shrimp, bait worms, and seaweed to
evaluate their utility in such systems. While a lot of work
remains to be done, from experience to date it is clear that suc
systems can‘be made to work and produce rapid growth and high |
survival of the culture organisms (Dunstan and Tenore, 1972;
Tenore and Dunstan, 1973). Both indoor and outdoor research

has been very promising (Ryther et al., 1973), and some of the
early fears of heavy accumulations of pollutants appearing in
the shellfish have not materiaiized. A new laboratory complex,
which scales up the current systems by a factor of about 100 and
will help to determine performance and optimal operating tech-
niques for even larger units, is currently beginning operation

(Huguenin and Ryther, 1974).

2.2.4 Major Problems in the Use of Domestic Sewage

2.2.4.1 Technical Problems

There are obviously many other factors to be considered

before the nutrient potential of sewage can be translated into



29

_E_._EE JUen 58 ia|Dm
- 09§ pala|dep Jualiinu

v3S 0L 394YHISIa

1

2060
21doIsQIcoW

H3INAO0Hd AHYNIN

1

d? N
Q3A0S8S1Q

‘EIM GO0 IF&¥NLTNOVNOV

8310348~ ILINW V¥ 40 T300HN £C vnbiy

SWiom
ysi} wepoq b2

M30334 1150430

a0B10 paijlas
sadajopansd ¥ 5833y

SNLliy¥L3g

SWDI2 ¥ S(a%sh W

sdo||p3s
5121540 B2

JHOAIBY3IN

uoypyunjdoyfyd
H3INA0Hd ABYHIND

431vMv3s

YILYMY3s

D1paws
JO
allomas pajpayy
AJHNOS AINTININN




i

30.

seafood production. Since sewage is basically fresh water, it
must be diluted with seawater to provide a proper environment
for the growth of marine organisms. For a large-scale applica-
tion, this implies a high-capacity seawater system which can be
costly unless the seawater can be provided by tidal pumping.
Depending on the individual circumstances, there can be other
factors that limit productivity, including inadequate light for
photosynthesis due to cloud cover and/or northern latitudes,
water temperatures that are toc low, and some specific nutrient,
mineral or vitamin, that is in short supply. There are also a
whole host of water property changes and additives that can be
very harmful and which require continuous attention. Many of
these factors, including the sewage supply itself, are not con-
sistent in their properties, but often exhibit relatively pre-
dictable cyclic variations. The actual waste properties are not
well defined, and there exist both diurnal and seasonal patterns

which can be critical and limiting.

2.2,4.2 Public Health Hazards from Sewage Use

The most serious drawbacks to the development of sewage
waste~food recycling systems are public health hazards. This is
clearly the area requiring the greatest amount of immediate re-
search in order to clear the way for a large-~scale industry to
develop.

Bacteria. As mentioned among problems of thermal effluent

systems, the organism Vibrio parahemolyticus has historically

posed a serious problem to aquaculture systems (see Appendix A).
Acceptable levels for this organism in shellfish or estuarine

waters have not been established in the United States, but it




has been the reported source of one outbreak of food poisoning
already. It is a type of hazard which represents a great many
unknowns.

The salmonella and shigella are the most important bacte-
rial pathogens in any proposed mariculture system. Contamina-
tion of seawater by sewage organisms and their die-away ratios
in a number of geographical locations are given by Orlob (1956).
Greenberg (1936}, in a review of the literature on survival of
enteric organisms in seawater, concluded that they can create
a significant health hazard in bays, estuaries, and on beaches.
Berger et al. (1963} cite a number of cases of enteric digease
including ten cases of typhoid fever.

Viruses. Standard water bicanalysis relies primarily on
the presence or absence of certain sewage bacteria, notably

Escherichia coli. The absence of viable bacteria is frequently

taken to mean that the water is not contaminated with sewage .
However, this may or may not be true. Therefore, water may con-
tain sewage that is not detected. This could be of considerable
concern because enteric viruses, such as polio virus and hepati~
tis virus, may be present in sewage or inadequately treated
water. There have been many studies (Merrel et al., 1967; Ramas,

1970) on the isolation and frequency of recovery of enteric

viruses from treatment plant effluent as well as raw sewage.
Clark et al. (1962) estimated that the average enteric virus
Concentration in raw sewage is approximately 5 X 103 PFU (plaque~-
forming unit) per liter. The ratio of enteric virus to coliforms

in human feces was said to be 15 virus particles for every mil-
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lion coliform organisms. Shuval et al. (1970) reported that
enteroviruses were detected freguently in seawater samples col-
lected at some distance from a sewage outfall. The average viryg
concentration of raw sewage was approximately 660 PFU per liter,

one of the major problems with regard to adequate quality
control in mariculture is related principally to the unavailabi-
lity of reliable and standard methods to concentrate, detect, and
isolate low numbers of virus from very large volumes of water.
Viruses do not replicate outside of living cells; therefore, the
amount of virus of human and animal origin in water supplies is
never likely to be large. Furthermore, many studies indicate
that viruses may survive undetected under conditions eliminating
coliform organisms (Metcalf et al., 1970; Metcalf et al., 1972;
Berg, 1969). Infectious hepatitis is basically an enteric infec-
tion due to an unusually hardy virus transmitted via the intes-
tinal-oral route, either directly by close personal contact, or
indirectly by contamination of food or water. It presents
special problems to the mariculture system for there is still no
reliable method for detection or cultivation of the agent out-
side of its natural human host. (See Appendix B for a discus-
sion of the hepatitis problem.)

Factors influencing virus survival in shellfish or sewage
are shown in Figure 2.4. The presence of low numbers of virus
in water is important if small numbers are capable of producing
infection and disease. There is evidence that in cell cultures

ong virus ¢ i i
ah produce infection. However, this ig unlikely in

the comple i
PLEX animal host where such factors as acquired resis-

tance hav i ;
€ a definite effect. Little is known concerning the
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minimal infective dose of viruses administered orally to man.
There is a need for data which contribute to our knowledge of
the effect of dosage on response,

Organic Chemicals. The organic chemicals can be divided

into several major categories. The ones of concern to us are

compounds whose abundant use makes them available as a potential
contaminant. Three categories that meet this criterion are

the hydrocarbons and their derivatives, the organic pesticides,
and the halogenated hydrocarbons. These are characterized by
relatively long half-lives in the environment, extensive use,
and their potential harm to an aguaculture system or to the
consumer.

The data voids are numerous in this area. Harmful levels
for pesticides, PCBs and hydrocarbons are unknown for many spe-
cies of fish and shellfish. The reactions to sublethal levels
are an important parameter in the operation of an aguaculture
system, and need much more study. Of particular importance are
the synergistic effects, how the presence of one pollutant 