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Introduction

In a global sense, sustainability can be defined as "managing the earth and human use of its
resources so as to keep human civilization going indefinitely" (Frosch, 1998). Nature has
achieved a sort of dynamic equilibrium through a high degree of interconnectedness of food
and waste cycles, known as food webs.

Developing integrated farming systems is critical to reducing the environmental impact of
animal production. Traditionally, this has been through integrating animal and feed or plant
production. But that has become increasingly difficult as agricultural production has become
regionally specialized leading to the spatial separation of animal and feed production. This
spatial separation has led to nutrient imbalances in watersheds and increases in nonpoint
source runoff losses of nutrients to the water environment. The most common use of animal
manure has been as a plant nutrient with ancillary benefits as an amendment to improve soil
physical properties. Some manures have been used as an animal feed ingredient (CAST,
1996).

The food animal production industry has found it very difficult to pass on environmental
control costs to consumers in the free market system (CAST, 1996). Reducing management
costs and increasing byproduct value are potential ways to reduce environmental control
costs. When animal manure is viewed as a waste, storage in lagoons is a common management
and treatment alternative. Anaerobic storage of manure in lagoons, however, degrades its
value by increasing offensive odors and air pollutants and reducing organic matter and nutrient
content. As a resource (Janzen et al., 1999), value-added processes are used to maximize its
value, thereby opening up more market options. In contrast to technological solutions,
ecological approaches are less capital intensive and by using ecosystem services, have reduced
operating costs.

Water resources of high quality are needed for a sustainable society. Aquaculture production
needs high quality water supplies and to develop economical systems to conserve and return
clean water to the environment. Minimizing the environmental impact is critical to ensuring
sustainable aquaculture production. The 3 main sources of nutrient pollution are aquaculture
solids, overflow water from off-line settling basins for aquaculture solids, and nutrients from
aquaculture system water. We have used 3 principles to guide our approach to the
development of new systems to reduce the environmental impact of aquaculture production:
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(1) identify waste byproducts from other industries which have value to reduce the
environmental impact of aquaculture production, a process called co-utilization, (2) develop
ecological approaches which use the "free" labor of natural ecological processes, called
ecosystem services, and (3) develop resource recovery systems which conserve or add value
to the waste byproducts rather than degrade their value. This paper will review supporting
literature and describe results from 3 current projects that use various aspects of the preceding
principles.

Co-Utilization

Co-utilization is the production of new products from combining and blending two or more
byproducts (Korcak, 1998). It is a value-added process, reducing costs through use of waste
byproducts or producing a product of greater value than the lower value inputs. Composting
is a co-utilization process blending a high carbon source (straw, wood, or paper products) and
a high nitrogen (N) source (manure). The term co-utilization is used to emphasize an
expanding definition of the types of byproducts utilized to include municipal, industrial, and
animal byproducts in order to broaden the types of products that can be produced and the
goals of their incorporation.

Co-utilization can be used to reduce the loss of nutrients in overflow water from off-line
settling basins in aquaculture by sequestering the nutrients in the settled solids through
alkaline stabilization or chemical sorption of phosphorus (P). Most P is initially in the solids.
However, it has been shown that P content of rainbow trout manure is typically reduced by
50% from the raceway to settling basin due to leaching (IDEQ, 1996). Reducing the loss of P
from solids can significantly reduce the amount of P lost to the water environment.

Alkaline stabilization

Lime stabilization raises the pH of the biosolids to greater than 12, making the environment
not suitable for survival of microorganisms. The high pH causes loss of ammonia N. However,
because microbial mineralization of the organic matter is inhibited, carbon and organic N and
P are conserved. The current standard method for aquaculture solids storage is under
anaerobic conditions in settling basins. But significant carbon, N, and P are lost in this
process. Pathogen destruction and organic matter stabilization can be achieved by blending
alkaline byproducts such as cement kiln dust, lime kiln dust, or coal combustion ash with
biosolids (Wright et al., 1998).

Chemical sorption of phosphorus

Excess P typically is removed in domestic wastewater systems by the addition of alum
(Al2(SO4)3 or ferric iron salts (Fe2 (SO4)3) (Metcalf and Eddy, 1991). However, the use of
either of these water treatment chemicals can incur a significant operating cost. There are
several regional waste materials that have proven effective in P sequestration. These have
included coal combustion byproducts (Stout et al., 1998), steelmaking slags and dusts (Lee et
al., 1996), and residues from the processing of bauxite ores (Summers et al., 1996).
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Acid mine drainage (AMD) is widespread in the Appalachian region due to decades of coal
mining activities predating regulation of acid discharge. When AMD is treated by
neutralization with alkaline substances such as limestone or lime, a precipitate or floc is
formed, consisting mainly of base metal hydroxides and unreacted alkaline material.  Disposal
costs of the floc can be as much as one half of the total operating cost for a treatment facility.
Adler and Sibrell (unpublished data) have shown that the co-utilization of AMD floc added to
settled rainbow trout solids can sequester more than 98% of the soluble P under anaerobic
conditions typical of off-line settling basins, thereby reducing leaching loses of P into the
water environment.

Stabilization of aquaculture solids with alkaline, aluminum, or iron byproducts has different
results. Aluminum and iron byproducts will specifically sorb P, but anaerobic degradation of
organic matter will continue and N and carbon will be lost. Use of alkaline byproducts,
however, will conserve carbon, and organic N and P. The product will have a high lime
content, which will probably limit land application rather than N or P content.

Ecological Approach

Aquaculture solids treatment and management systems

The goals of solids treatment systems in aquaculture are volume reduction (e.g. thickening
and dewatering) and stabilization. Stabilization of solids reduces pathogens (both human and
animal) and eliminates offensive odors and the potential for putrefaction (Metcalf and Eddy,
1991). Stabilization achieves these objectives by either the biological reduction or chemical
oxidation of volatile solids, addition of chemicals to make solids unsuitable for survival of
microorganisms, or heat disinfection or sterilization of the solids. Municipal biosolids
treatment and management systems are typically capital intensive, whereas on farms, they are
more land intensive, relying more on natural ecological processes to achieve the desired goals.

There are a number of natural biosolids treatment and management systems currently in use;
some are anaerobic (anaerobic digesters, lagoons, and wetlands) and others are aerobic
(vermicomposting, composting, and land application) processing systems (Metcalf and Eddy,
1991; Reed et al., 1995). Anaerobic storage of manure in settling basins has been the standard
practice for aquaculture solids. However, the anaerobic environment degrades the solids value
by increasing offensive odors and air pollutants and reducing organic matter and nutrient
content. Land application and composting are the most common aerobic organic solids
treatment systems. Land application is the beneficial use of solids at agronomic rates. The
value of land-applied solids is greatly reduced by anaerobic storage prior to land application.
There are four general groups of composting methods used on farms: passive composting
(e.g. passively aerated windrows with embedded perforated pipes, or windrow composting
with a much less frequent turning schedule), windrows (turned using either a front-end loader,
tractor-assisted or self-powered turner), aerated piles (e.g. aerated static pile using suction or
pressure), and in-vessel composting (categorized based on geometric shape of vessel and
movement of biosolids through system, e.g. plug-flow-operates on a first-in, first-out principle
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and dynamic batch systems which mechanically mix biosolids) (Metcalf and Eddy, 1991;
Rynk, 1992). Their land, infrastructural, operational and maintenance, and odor control
requirements, capital costs, and duration of compost to maturity all factor into the decision of
which composting system is the best fit for the operator. In terms of cost, labor, management,
and process speed, the windrow, passively aerated windrow, and aerated static pile systems
are comparable (Rynk, 1992) and windrows, aerated piles, or aerated bins are the systems
most likely to be used on farms. All biological processes release heat and because compost
piles lose less heat as their size increases, they reach higher temperatures. Consequently,
composting can continue during the colder temperatures of winter if the piles are large enough
in size. Decomposition of organic matter in the soil ecosystem occurs under mesophylic (50-
105ºF) temperatures but employs a more diverse and complete microflora and fauna.

An understanding of how the soil ecosystem works, what factors enhance the rate which it
processes organic matter, and how to design systems that minimize the impact on the
environment are critical when developing systems to stabilize organic matter using the soil
ecosystem. First, is a description of how the soil ecosystem processes organic matter. Organic
matter decomposition occurs at several distinct but related spatial and temporal scales within
the soil ecosystem (Lavelle, 1997). Soil invertebrates have limited ability to digest complex
organic substrates and with increasing size, their relationship with microflora shifts from
predations to mutualisms of increasing efficiency permitting them to exploit soil resources.
Microfoodwebs are comprised of microfauna predators (<0.2mm; mainly protozoa and
nematodes) of bacteria and fungi, and their predators. They have a significant effect on
nutrient dynamics through the release of nutrients immobilized in microbial biomass. Litter
transformers are mesofauna (0.2-2mm; mainly collembolans and acarids) that develop an
external mutualism with microflora based on the ‘external rumen’ type of digestion (Swift et
al., 1979). They are dependent on microflora for conditioning the resources, particularly low
quality resources, before digestion because of their limited range of enzymes, but benefit the
microflora by fragmentation of organic matter. Mesofauna directly consume organic matter,
which is fragmented and moistened during the gut transit, then actively digested by microflora
and when reingested, mesofauna assimilate organic compounds released by microbial activity.
Ecosystem engineers (>2mm; termites and earthworms) are soil invertebrates that affect major
soil processes by digging soil and building organomineral structures. They are large enough to
develop efficient internal mutualistic relationships with microflora, an ‘internal rumen’ type of
digestion, which allow them to digest otherwise resistant material. Soil fauna enhance the
decomposition and humification of organic matter, especially low quality organic matter, by
comminuting organic matter and increasing the surface area for microbial activity, by
producing enzymes to breakdown complex compounds and polymerize compounds to form
humus, and by improving the environment for microbial growth and interactions (Tian et al.,
1997).

The addition of carbon is an essential component of processing aquaculture solids using the
soil ecosystem, just like with composting. The carbon source provides energy, physical
structure, and is the matrix for both the organic soil product and sequestration of N and P to
reduce environmental losses. Organic matter quality affects decomposition and consequently
N and P sequestration and release. The quality of organic matter is related to the C:N ratio
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and the polyphenol content (Northup et al., 1999). Organic matter quality decreases as C:N
ratio, lignin, and polyphenol content increase. When earthworms mix and aerate the system,
the carbon source and C:N ratio have a significant impact on the rate earthworms bioprocess
the mixture. Switchgrass, oak, and willow are more desirable than barley straw, hybrid poplar,
and pine, for example and C:N ratios less than 30 also reduce and delay bioprocessing by
earthworms (Adler, unpublished data). Some carbon sources sequester N more rapidly than
others, such as willow, leading to greater conservation of N. Standard farm soil tillage
equipment can also be utilized to mix the organic soil instead of relying of earthworms. If
tillage is the favored management system to mix and aerate the system, carbon source and
C:N ratio may not be as critical. In either system, solids can be applied using standard farm
equipment, such as a vacuum tank spreader for solids followed by surface application of the
carbon layer to minimize vector transmission and volatilization of odors and N. Both systems,
whether relying solely on soil ecological processes for aquaculture solids stabilization or
tillage, farm labor and capital investment are minimized compared to alternative strategies.

Agroecosystems using biological management of soil fertility, strive for synchronization of
nutrient release with plant demand (Woomer and Swift, 1994) to not only increase the
nutrient use efficiency, but also reduce the potential for loss to the ground and surface waters.
With a C:N ratio of 20-30, water soluble N should be minimized (Stevenson and Cole, 1999).
However, P sequestration in manure amended compost is N limited due to the low N:P ratio
of manure. Water soluble P can be sequestered by having a higher C:P ratio. Net
immobilization of P occurs when C:P ratio is >300 and net materialization when <200
(Stevenson and Cole, 1999).

With this soil farming process, N and P are applied as aquaculture solids at greater than
agronomic rates and these nutrients build up over time. The organic soil produced in this
process will need to be removed regularly and can then be sold. The critical factors that
control erosion, runoff, and leaching losses of N and P from the site are known (Sharpley et
al., 1998) and can be utilized to identify suitable sites for soil farming that minimize transport
of N and P off the site.

Resource Recovery

Sand verses carbon filter

Intermittent (single-pass) and recirculating (multipass) sand filters are fixed film systems used
to remove BOD, TSS, turbidity, N, total and fecal coliform bacteria, and viruses from water
following a primary treatment unit for solids removal (Crites and Tchobanoglous, 1998).
Removal mechanisms operate by physical, chemical, and biological processes. Larger particles
are physically retained within the upper portions of the bed by filtration, and physical clogging
is caused by the accumulation of stable solids within or on the bed surface. Precipitation,
coagulation, and adsorption are important chemical removal mechanisms. Biological
transformations in a bacterial film layer, which develops over the filter medium, are
fundamentally important to the sustainable functioning of the filter. This film absorbs soluble
inorganic and organic matter and adsorbs small colloidal matter that is enzymatically
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solublized and transformed into microbial biomass. The bacterial layer is decomposed and
oxidized during rest periods between doses. Biological clogging will occur if the organic
loading rate and biological growth within the bed exceeds the capacity of decomposition.
When microbial growth exceeds decomposition, the microbial biomass will increasingly
decrease pore volume, hydraulic conductivity, and oxygen transport, leading to the
development of anaerobic conditions, a reduction in decomposition rate, and eventual failure
of the filter to operate. The interaction of loading and assimilation rate will determine the filter
capacity and life span. Temperature and availability of oxygen directly affect the rate of
biodegradation and degree of stabilization.

The design criteria for recirculating and intermittent sand filters differ; in general, the loading
rates are greater with recirculating sand filters. Operation is best when the volume per dose is
such that water flow around the filter medium is as a thin film to maximize absorption of
soluble and colloidal material and oxygen transfer. However, when the volume of liquid
applied is sufficient to fill in the pore space, particles and microorganisms can pass through the
filter untreated. The typical filter bed depth is 60 cm. At bed depths of 45cm, BOD and TSS
removal remain high, but the degree of nitrification is significantly reduced. The hydraulic
loading rate is typically 4-8 cm/d for intermittent and 12-20 cm/d for recirculating sand filters,
a dose not exceeding 10% of the field capacity ensures film flow of the liquid. Typical organic
loading rates range from 2.5-10g BOD/m2/d for intermittent and 10-40g BOD/m2/d for
recirculating sand filters.

To convert sand filters into a resource recovery approach, carbon, such as straw or sawdust,
can be substituted for the sand, yielding an organic soil end product with value. With sand as
the filter medium, concurrent with removing organic matter from the water, a waste sand
byproduct is generated. Carbon filters with a hydraulic loading rate of 47cm/d and total
suspended solids (TSS) loading rate of 20-100g/m2/d, removed more than 95% of the TSS
(Adler, unpublished data), but performance varied with carbon source. Carbon source is a
critical design parameter in optimizing ecological systems for resource recovery. The addition
of epegic earthworms significantly increased bed hydraulic conductivity by maintaining pore
volume at greater organic loading rates.

Costs associated with reducing the environmental impact of aquaculture production can be
decreased by: (1) reducing input costs through co-utilization of waste byproducts rather than
using higher grade inputs, (2) reducing labor costs through use of ecosystem services, and (3)
using resource recovery systems to conserve and increase the value of waste byproducts.
Developing integrated farming systems is critical to maintaining economic and environmental
sustainability. Other cycles of integration need to be conceived and developed in addition to
reintegrating animal and feed or plant production (e.g. soil farming, i.e. producing soil for
non-farm markets, etc.).
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Introduction and Background

This paper will report on our experiences with the water regulatory agencies governing
wastewater treatment in NY State and provide some additional background information
on waste and manure characteristics from tilapia and fish in general.  At this point in
time, we can not draw any definitive differences between tilapia manure and other fish
species manures, see Figure 1 for a general mass balance.  All fish in the process of
assimilating feed will produce ammonia which in turn must be oxidized by the
nitrification system used for the facility:

Nitrosomonas (autotrophic)
NH4 + 1.5 O2 --> 2H + H2O + NO2

Nitrobacter (autotrophic)
NO2 + 0.5 O2 --> NO3

Alkalinity destruction (7 g per g NH4)

Note that the ultimate fate of the protein-nitrogen in the above equations is nitrate (NO3).
Chen et al. (1997) has summarized the waste generation for the major farm animals (see
Table 1).  In particular, the waste being produce from fish can be described as (Chen, et
al. 1997):

• TSS 20-50%
• BOD 10-60%
• Ammonia-N 3% (will become after nitrification nitrate-N)
• P 1%
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And the physical characteristics of fish manures (Chen et al., in press) are described as:
• Wide size distribution
• Significant non-settleable portion, ~ 50%
• Organic in nature, > 80% by weight
• Specific gravity < 1.1
• High in nutrient content

Table 1.  Waste generation (kg/day per 1,000 kg live weight) from a catfish RAS and
other commercial animal production systems (Chen et al., 1997

Animal BOD5 Solids TKN Sludge Volume
(L)

Catfish 0.8-1.3 4.2 0.20 70-420
Beef cattle 1.6 9.5 0.32 30
Dairy Cow 1.4 7.9 0.51 51
Poultry 3.4 14.0 0.74 37
Swine 3.1 8.9 0.51 76

Total suspended solids (TSS) are a key indicator of overall water quality and the
efficiency of the solids removal system.  Chen et al. (1993) expressed the various key
water quality parameters in a RAS system with catfish in relation to TSS (Table 2):

Table 2.  TSS (mg/L) and BOD, COD, TKN and TP expressed as weight percentage of
the TSS (from Chen et al. 1993

TSS
(Mg/L)

BOD5 BOD20 COD TKN TP

Mean 973 23 59 101 4.0 0.7
STD 260 6.6 16.9 17.7 0.7 0.2

As mentioned, the effectiveness of removing manures and suspended solids from an RAS
is extremely critical.  Chen et al. (1994) described several unit operation processes and
their appropriateness for moving solids based upon solids size:

Gravitational separation
• settling tanks (particles > 100 micron)
• hydro-cyclones
• foam fractionators (particles < 30 micron including dissolved solids)

Physical filtration
• granular filter (particles > 60 micron)
• sand filter (wide range including particles < 30 micron)
• bead filter (wide range including particles < 30 micron)
• screening (screen size dictates, typically > 60 micron)
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In comparison of gravity separation methods , Singh et al (1999) found no difference in
water quality between settling basins and screen filters.  Twarowska et al (1997) reported
the efficiency of solids removal of a sludge collector and a screen filter as 80% and 41%,
respectively.  Settling velocities are key design values for specifying size and depths of
settling basins.  Wong and Piedrahita (2000) used a top-loading settling column to
characterize the settling properties of the solids in the discharge water from a commercial
rainbow trout production facility.  They found the median settling velocity on a mass-
basis for the settleable solids was 1.7 cm⋅sec-1.

Tilapia Feces.  The physical properties of tilapia manure are distinctly different than say
trout feces in that tilapia produce a feces that is encapsulated in a mucous membrane
resulting in sausage like strands.  The fecal strands will float to the surface about 30
minutes or so after being defecated due to gas bubbles being formed in the feces within
the strand and then later sink again as gas bubbles diffuse through the membrane strands.
Carbohydrate makeup in tilapia feces will also have an impact on the fecal strand density.
In general higher carbohydrate diets and lower fat diets will result in fecal strands that
float more readily than higher energy diets produce; the higher carbohydrate levels result
in the fish creating a more definitive mucus membrane for the fecal strand.  Digestibility
also impacts fecal strands with lower digestibility resulting in more floating fecal strands.
Fingerlakes experiences to date are that small changes in nutrient composition can have
dramatic impacts on water quality.  Be extremely cautious in switching feed
formulations.

Foaming.
Foaming within an indoor system under high feeding rates (standing biomasses > 80
kg/m3) and percentage feeding rates greater than 1% of body mass per day will
undoubtedly experience foaming.  Foam is generally cut back when feed is broadcast as a
result of the oil sheen that is on the feed pellets.  Thus, the highest foam levels are seen
after a period of non-feeding.  Foam has no major negatives other than esthetic unless the
foam becomes so thick that feed will not fall through into the water and the foam
reducing gas transfer, either for oxygen addition or CO2 removal.

The Fingerlakes farm had foaming problems that were so severe that that fish could be
held up by the foam.  The foam once physically removed would last several days before
it would completely collapse.  This very thick foam resulted from a high fat diet that
apparently was not effectively digested by the fish.  As a result an extremely high nutrient
load was placed into the water column.  Generally, one will not see any foaming if water
daily exchange rates are 20% of system volume per day.  Recirculating Aquaculture
Systems (RAS) will generally see quite a bit of foam when water exchanges (actual fresh
water makeup) replace 5% or less of their water on a daily basis.  Foam in these instances
can be reduced by employing foam fractionators, other active foam removal systems or
ozone (applying 15 g ozone per kg of feed fed is a general rule of thumb that can be
applied).
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Experiences with Regulatory Agency:  NY DEC.
Our regulatory agency in New York is called the Department of Environmental
Conservation (DEC).  The first farm built by Fingerlakes was an integrated farm with
breeding, fingerling and growout production and located in Freeville, NY (approximately
10 miles from Cornell campus).  Target capacity was 250,000 lb/yr of tilapia.  This barn
was followed 2 years later by a much larger farm located in Groton, NY (7 miles from
Freeville farm) with a target capacity of 1.2 million lb/yr.  Similar waste treatment
schemes were used at both locations.  Ponds were constructed to perform primary settling
of manure laden water collected within the fish facility.  At Freeville, suspended solids
were removed by a rotating micro-screen (90 micron) while at Groton, settling pits were
used that were divided into a primary settling area (1/3 of the pit) that was emptied daily
and a secondary settling area that was emptied once per week.  Settling criteria was based
upon 1 gpm of flow required 1 ft2 of bottom pit surface.  Both facilities employed the
Cornell double drain system (15% flow from center bottom drain and 85% of flow from
side wall that is not treated for solids removal, see Figure 2).  Characteristics of the two
facilities are described in Table 3.

Table 3.  Characteristics of primary settling ponds used for commercial applications with
Fingerlakes Aquaculture LLC

Parameter Comments
Site Freeville Groton
Feed fed per day 500 to 700 lb/day 2,000 to 4,000 Groton coming on

line;  full capacity
September 2000

System water
volume, gallons

100,000 400,000 Includes biofilters,
settling tanks etc

Primary Settling
Pond

100 ft x 100 ft x 10 150ft x 250 ft x 15
ft

Side slopes approx 1
to 1

Secondary Ponds 40 ft x 100 ft x 6ft
(in series with pond
#1)

None; effluent goes
to municipal sewer

Discharge from
ponds

Wetland with
potential for field
crop application

Public sewer;
regulated by time of
day

TSS from ponds 10 to 20 mg/L TSS 10 to 20 mg/L TSS

Ultimately, an effective disposal method of manure solids held in ponds is to apply them
agronomically for land agriculture and field crops.  When applying waste-water and or
slurry directly to the land, the following recommendation has been made by Chen et al.
(1997):

Both waste water or slurry.
• 150 to 200 m2 per kg of feed per day (Chen et al., 1997)

Raw sludge or stabilized sludge
• Application according to agronomic rate
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NY DEC Interaction.
The owners of Fingerlakes worked pro-actively with the NY DEC.  Initial meetings were
set up with the appropriate officials.  In the Freeville (first farm), the DEC issued a letter
to Fingerlakes declaring that the farm was exempt from wastewater regulations since the
manure captured in the settling pond would be agronomically applied to farm land.  This
was a key ruling from the DEC in our favor.  It eliminated any need for Fingerlakes to go
through the much more laborious processes generally associated with wastewater
permits.  All this was done in writing of course including follow-up notes between
Fingerlakes and the NY DEC to clarify their rulings etc.  In NY, there is a distinction
between sludge and manure, with manure being associated with farming practices (more
lenient) and sludge being considered industrial and generally becomes a much more
laborious process to obtain a permit.  Be careful not to use sludge if you are actually
talking about manure.

The Groton expansion was a much more complicated procedure in terms of obtaining
permission to build a fish farm.  One of the major reasons Fingerlakes chose the Groton
site was that Groton could provide municipal services of both sewer and water.  Village
officials claimed that as long as Fingerlakes performed primary settling (as in settling
ponds)-- then their wastewater treatment plant could handle the additional waste-water
treatment load.  The Groton Village was a permitted facility by the NY DEC and was
allowed to discharge 600,000 gallons of treated wastewater per day.  Groton's average
discharge was approximately 300,000 gallons per day.  Fingerlakes anticipated discharge
from their settling pond approximately 40,000 gallons per day, so it seemed a rather
trivial increase to their daily discharge levels.

Unfortunately for Fingerlakes, Groton Village had 3 or 4 days in the last several years
where they actually exceeded their permitted 600,000 gal/day allowance (during
rainstorms).  NY DEC used this violation to temporarily prevent Groton from issuing a
building permit to Fingerlakes.  After several months of negotiations and several
meetings later, Fingerlakes placed an offer on an alternate building site outside of the
Village.  At this point, there was apparently some "behind the scenes" activities between
politicians and legislators--- and the Groton Village was allowed to accept the
Fingerlakes farm as a new industrial customer.  This whole process wracked havoc on the
whole project.  It is very complicated in terms of logistics and timing of building a new
plan, but my advice at this point would be the obvious one:  do not invest in anything
until you have the necessary permits in hand (even when the municipalities assure you
there will be no problem).  In the end, the NY DEC issued a letter that the Groton Village
was not authorized to accept anymore than 40,000 gallons/day of fish farm effluent until
the Village had demonstrated that they had eliminated some of their own unidentified
infiltration problems so that they would not exceed their permitted discharge levels.
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Figure 1.  General mass balance on a feeding fish

Figure 2.  Cornell Double-Drain system (major flow out of side of tank; drawing supplied
by the Freshwater Institute, Shepherdstown, WV)
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Michigan's Platte River State Fish Hatchery Case History
A fourteen-year dispute about phosphorous effluent contribution 

and its impact on Platte Lake

Harry Westers
Aquaculture Bioengineering Corporation

P.O. Box 8
Rives Junction, MI 49277

Introduction

Since 1928, the Michigan Department of Natural Resources has operated a trout rearing station
on Brundage Spring and creek water, tributaries to the Platte River, near Honor, Michigan.

In 1969 construction was started on a large, modern fish hatchery to support the successful Great
Lakes salmon program.

Production increased from 10,000 kg trout per year to 106, 000 kg coho and chinook salmon.

By the early 1980's residents of Platte Lake, located some 17 km downstream from the hatchery,
came to the Department to express their concerns about negative impacts the new hatchery had
on Platte Lake.  They believed that noticeable water quality degradation had occurred,
specifically with respect to water transparencies.

In 1986 litigation was initiated by the Platte Lake Improvement Association (PLIA) against the
Michigan Department of Natural Resources (MDNR).

That same year a preliminary injunction was issued by the Court regarding discharges of
phosphorus from the hatchery. 

The Site

The hatchery is located near Honor, Michigan, in the northwest part of the Lower Peninsula. 
The area is characterized by glacial outwash deposits with extensive groundwater resources.

The facility is situated adjacent to Platte River, 29 river kilometers above Lake Michigan, 17.1
km upstream from Big Platte Lake, the disputed body of water (Figure 1).
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The Hatchery

The hatchery supports the Great Lakes salmon program and currently produces 78,000 kg
annually and uses up to 80,000 kg of food.  The original production targets were for three
million coho salmon, but were changed to two million to reduce effluent  phosphorus load.  The
coho salmon are grown to 36/kg (28g/fish).  In addition to the coho salmon, the hatchery
produces five million chinook salmon at 220/kg (4.5g/fish).  The site also houses a coho egg
take facility.

The chinook salmon are reared indoors in large concrete raceways while final rearing of the coho
salmon occurs outdoors in Burrows rearing ponds, modified from circulation to plug-flow
design, equipped with baffles to make the ponds self-cleaning.  This has significantly improved
the management of solids, contributing to further reductions in discharge of phosphorous.

The hatchery operates on three water sources.  Brundage Spring delivers water to the indoor
rearing tanks at a rate of approximately 4500 lpm (1200 gpm), Brundage Creek provides about
18,000 lpm (5000 gpm) used indoors and out and Platte River allows up to 32,000 lpm (8500
gpm) of water to the outdoor raceways.  This water is pumped to an elevated water distribution
reservoir to provide the required hydrostatic pressure for deliverance through underground
piping.  The high quality, stable temperature, spring water can be reused by pumping it up into
the distribution reservoir  to modify extreme summer river water temperatures.

The hatchery discharges into the Platte River after passing through a two hectare (5 acre)
treatment pond.

The River

The Platte River is a very stable river system, receiving abundant groundwater from the
underlying glacial geology.  Its 500 km2 watershed is approximately 90% underdeveloped.  The
river has a moderate natural productivity with phosphorous concentrations typically ranging
from 20 )g/L in winter/spring down to 10 )g/L in late summer/fall.  Variations may fluctuate
from 12 to 50 )g/L in May - July to less than 12 )g/L in December (Walker 1998).

The Lake

Big Platte Lake is a 10.6 km2 (2650 acre) natural, hard water lake with a mean depth of 7.7 m
(25') and a maximum depth of 29 m (95').

Based on mean ranges for total phosphorus, total nitrogen and chlorophyll a, its classification is
oligotrophic.  However, a mean Secchi depth of 2.32 m (7.6') places it in the eutrophic category
(Table 1).  The reduced Secchi depth is associated directly with the development of calcium
carbonate (marl) precipitates in the lake (King 1999).
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Table 1.  Platte Lake compared to the general trophic classification of lakes.

Measured 
Parameter

Oligotrophic Mesotropic Eutrophic Platte Lake
Summer 1987

Total P ()g/L)
mean
 range

8.0
3.0 - 17.7

26.7
10.9 - 95.6

84.4
16 - 386

6.5
1 - 12

Total N ()g/L)
mean
range

661
307 - 1630

753
361 - 1387

1875
393 - 6100

328
207 - 430

Chlorophyll a
()g/L)
mean
range

1.7
0.3 - 4.5

4.7
3 - 11

14.3
3 - 78

4
2 - 7

Secchi depth (m)
mean
range

9.9
5.4 - 28.3

4.2
1.5 - 8.1

2.45
0.8 - 7

2.32
0.3 - 4

Source: King, 1999.

Walker (1998) classifies the lake as “oligo-mesotropic.” 

Platte Lake has a long history of hypolimnetic oxygen depletion during the summer months. 
The cause of the depletion suggests either severe respiration within the lake or a significant
amount of groundwater added during the summer period.  The latter is suspected based on the
fact that both calcium carbonate and carbon dioxide are significantly supersaturated at all strata
in the lake.  Furthermore, based on algae productivity of the lake, the hypolimnetic dissolved
oxygen depletion is not associated with respiration of algae produced within the lake, but,
instead, indicates groundwater throughput (King 1999).

The near constancy of dissolved oxygen concentration during the winter suggests that there is
little groundwater moving through the lake in the winter.

A significant portion of the shoreline is taken up by both summer and full-time residences.

The Charge

The lake residents, represented by the Platte Lake Improvement Association (PLIA), have in
court depositions stating that “whiting” events caused by marl precipitation did not occur prior
to the construction of the new hatchery and that transparencies were usually greater than three
meters (10').  Furthermore, they have stated that symptoms of eutrophication, such as reductions
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in crayfish populations, disappearance of sensitive vegetation (bulrushes), reductions in mayfly
hatches, the growth of dark, polluted matter on docks and boats, and fishing, have all become
worse because of the effects from the hatchery.

The Effluent

The initial National Pollutant Discharge Elimination System (NPDES) permit issued did not
include limits on phosphorus discharges until 1980.  In 1985, the PLIA sued the Department,
making the following points: The draft 1985 NPDES permit level of 636 kg phosphorus
annually is not protective; not all sources of phosphorus related directly or indirectly to the
hatchery are accounted for, such are the salmon weirs, smolt releases and adult salmon migration
and accompanying die-offs in the river.

In the 1970's a study by Grant (1979) determined that the hatchery contributed 1360 kg of
phosphorus annually.  It represented 33% of the total watershed contribution to the lake of 3260
kg annually.  By 1990 the direct percentage contribution by the hatchery was reduced to less
than 5% of the annual phosphorus loading to Platte Lake (Walker 1998).  The changes in
phosphorus discharge were the result of improvements in managing solid waste, reduction of
production by one million coho salmon and by switching to low phosphorus food in 1988.  The
new 1998 permit issued by the Michigan Department of Environmental  Quality restricts the use
of water to 166 million liter per day (30,000 gpm) and limits phosphorus discharge to 200 kg per
year with no more than 55 kg in any three months.  The discharge of suspended solids is limited
to 1000 kg daily with concentrations not to exceed 4-6 mg/l, depending on total flow.

The Court

In 1988, the Court agreed with the PLIA that the Department was polluting, impairing and
destroying Platte Lake and would continue to do so.  The following excerpt is from Judge
Brown's Opinion (1988a):

14) Prior to the establishment of the salmon program:
 a) The waters of Big Platte Lake were clear, objects being distinguished at depths of 10
- 12 feet;...
15) Subsequent to the operation of the salmon program:
 a) The waters of Big Platte Lake have become mucky and obscure;...

The Department must reduce the phosphorus loading with the intent of maintaining a lake
phosphorus standard of 8 )g/L; feed low phosphorus food (<1.0%); deepen the treatment pond;
stop the migration of salmon at the lower weir (near lake Michigan).  The latter order was later
modified to allow passing 20,000 adult initially with 1000 per week from August 15 to
December 15 to provide for an egg take and a sport fishery.

Additionally, the Department must hire a court master to oversee the court order. 
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The Results

Transparencies during the warm water period (May to September) have improved from an
average of two meter in the 1970's to 3.5 meter in the 1990's.  However, severe “whiting” events,
with transparencies less than one meter, still occur although less frequently.  Maximum
transparencies have increased from an average of 3.5 m in the 1970's to 5.0 m and greater in the
1990's (Whelan 1999).

It is believed by some that the reductions in nutrients from the hatchery and the watershed itself
(cause unknown) have had a measurable effect on the lake.

There can be significant correlations between lake phosphorus and transparency because of the
influence of phosphorus on algae production, which in turn influences pH and calcium
carbonate (marl) formation.

However, the lake phosphorus values were only reduced by 9% in spite of the overall loading
reduction of 24% in the 1990's.  In other words, lake phosphorus concentrations did not exhibit
a proportionate response to external loads.  It is believed that internal phosphorus cycling may
be responsible for that, and there are some expectations that this source of phosphorus cycling
will diminish over time.  However the quantity of phosphorus stored in surface sediments is very
large in relation to the quantity stored in the water column and in relation to the external load. 
For instance, data from the 1988 core indicate that ± 4000 mg/m2 of phosphorus is present in the
top one centimeter of sediment, compared with ± 62 mg/m2 of storage in the water column at an
average concentration of 8 )g/L and with an external loading rate of ± 300 mg/m2/yr in 1990-
1996.

Precipitation of marl is commonly accompanied by co-precipitation of phosphorus.  Such
phosphorus removal can be an important mechanism to protect marl lakes from eutrophication.

Tables 2 and 3 summarize P loads, average flows, and lake P concentrations from 1990- 1996.
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Table 2.  Summary of average flows and P leads at watershed gauging sites on the Platte
River watershed for the 1990-1996 period (Walker 1998).

Location Flow
106m3/yr

P-Load
kg/yr

Concentration
)g/L

Error
C.V.

Platte River @ USGS
Sta.  (excluding
hatchery load)

121.1 1565 12.9 4.0%

North Branch 31.3 497 15.9 3.4%

Brundage Creek 12.8 157 12.3 3.5%

Hatchery 1990-1996 - 190 - -

Hatchery 1990-1992 - 316 - -

Hatchery 1993-1996 - 96 - -

Table 3. Summary of P loads and lake concentrations for 1990-1992 and 1993-1996
(Walker 1998).

Period Total P Loads (kg/yr)
      Hatchery          Non-Hatchery               Total

Lake P 
)g/L

1990-1992 316 2931 3247 8.5

1993-1996 96 2367 2463 7.7

Reduction 220 565 785 0.8

% Reduction 70 19 24 9

Net loads decreased from 316 kg/yr in 1990-1992 to 96 kg/yr 1993-1996 (<10 )g/L).

Net increased concentrations caused by the hatchery effluent were generally less than 10 )g/L in
the latter period.

Discussion

Given the magnitude of current hatchery loads, it may be difficult to detect attenuation of P in
the river in the presence of background variability in river flows and concentrations.  As table 3
shows, reductions in both hatchery and watershed loads occurred.
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Based on the scale of annual and seasonal phosphorus variations in Platte Lake, detection of
changes and comparison with the 8 )g/L goal require extra ordinary accurate and precise data. 
Few laboratories are equipped to provide a 0.1 )g/L resolution represented in the data set
(Walker 1998).

All variables exhibit strong seasonality.  The average P concentrations range from 10 )g/L in
November to 6 )g/L in August/September.  Also, year-to-year variations in transparencies
between 1990-1996 were controlled largely by climatological factors and by variations in the
cycling of phosphorus within the lake, rather than by variations in external phosphorus loads.

Seasonal decreases in water transparencies occur as a result of marl precipitation, which occur
naturally in these types of lakes.

Although seasonal variations in transparencies can be strong, they did not correlate with the
significant year-to-year variations detected in phosphorus during the 1990-1996 period.

This indicates that year-to-year variations in average transparency, if present, are too small for
detection in the presence of strong seasonal and random variance (Walker, 1998).

The 1990-1996 transparency trend does not confirm that decreasing P trends are positively
correlated with increasing transparency trends.

Generally, at least ten years of data are desired for detecting trends in water quality data (Hirsch
et al. 1992).  For shorter records there is a greater risk that an apparent trend is attributed to a
pattern which appears to be a trend, but actually is a random occurrence and there is greater risk
that actual trends will go undetected, particularly if they are small.

If the 8 )g/L goal is interpreted as a limit that applies to every sample, every day of the month,
then it is not achievable under any hatchery loading scenario without reducing phosphorus loads
from other sources (Walker 1998).

Conclusion

Calcium carbonate precipitation in marl lakes causes reductions in transparencies as the light is
scattered by the inorganic calcite particles, rather than absorption and scattering by algae cells. 
Often these events are mistakenly perceived by the public as algal blooms.  Most likely they
have played a role in awakening among the Platte Lake residents concern about the lake's water
quality (eutrophication).  Although algal photosynthesis may play a role in these events by
increasing the pH, the algal cells themselves account for a small percentage of the total light
extinction in Platte Lake.  Its algal biomass typically accounts for but a small portion of this
phenomena.  Climatological events drive the entire process.  For instance, a shallow thermocline
with warmer surface waters would be conducive to increased photosynthesis.  For a given solar
condition, the average light intensity in the mixed, upper, layer increases as the thermocline
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depth decreases.

Improvements in transparencies during the recreational season, resulting from reductions in
phosphorus loads over the 1990-1996 period are not detectable in the presence of climatological
and other random variations.

Nevertheless, Walker (1998) concludes that over the 1975-1996 time frame increases in
transparencies are generally correlated with decreases in hatchery phosphorus loads.  However,
clear evidence for this is lacking.

Final Outcome

Finally, after 14 years a consent agreement was filed with the Court in March 2000.  It addresses
the amount of water and phosphorus the hatchery can discharge, the number of salmon that can
pass the lower weir, the water quality monitoring required for the watershed and the hiring of an
implementation coordinator to oversee implementation and compliance with the agreement.

The hatchery discharge of phosphorus will be phased down over the next six years to 175
pounds per year with no more than 55 pounds for any three-month period.

No more than 20 million gallons per day can be discharged (13,889 gpm).

Also, the phosphorus concentration of Platte Lake must not exceed 8 )g/L 95% of the time.

All inflows and discharge points will be measured twice per week for total phosphorus,
temperature, suspended solids and flows, and current watershed monitoring will continue until
compliance with the final 175-pound phosphorus standard has been demonstrated for five
continuous years.

The phased approach is needed to allow the facility to be renovated, a key component of the
program.  Up to 7.5 million dollars have been approved for the renovation aimed at designing
state-of-the-art effluent controls.  The parties feel that this agreement represents a model of how
government can successfully interact with concerned citizens to protect natural resources.
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Perspective on the Role of Government, Industry, and
Research in Advancing the Environmental

Compatibility and Sustainability of Aquaculture

Joseph A. Hankins
Director, The Conservation Fund’s Freshwater Institute

Shepherdstown, West Virginia

Introduction

Over the last half century of aquaculture research and development, most of the progress
has been internal to the production process, examining culture practices and systems, feeds
and nutrition, species choice and other husbandry considerations.  Generally the success of
these efforts has been measured in terms of increased productivity with increased
profitability assumed as a collateral benefit.  Over the last decade an increased awareness
and urgency has developed regarding certain external factors or constraints involving
industry sustainability and environmental interactions.  In some cases these concerns are
driven by the aquaculture industry’s recognition that some practices or key production
inputs currently utilized to maintain productivity are no longer assuring future profitability.
In other cases, a maturing aquaculture industry has found itself increasingly scrutinized by
regulatory and private sectors no longer willing to automatically accept aquaculture as
alternative “green” agriculture.

As the practice of agriculture has moved from a way of life to a business, aquaculture,
lagging nearly half a century behind in development, is suffering an intense level of public
scrutiny unknown during the early development of traditional agriculture.  The
aquaculture industry is currently faced with solving the simultaneous problems of
developing economically viable production systems, reducing the impact on the
environment and improving public perception.

Sustainability and Environmental Compatibility

What are we really talking about when we use the term sustainability?  Depending on the
context and source it seems to be a code word that is interpreted to mean anything from
organic farming to spiritual naturalism to excessive government regulation.  The truth is a
simpler and less controversial idea, sustainability embodies both a mindset and practices
that must meet the needs of the present without compromising or limiting our capability to
meet the needs of the future.  It’s an urge that most of us understand instinctively and
practice daily in some personal form.  Where we’ve gotten into trouble is when we have
attempted to squeeze the broad concept of sustainability into a smaller box of
circumstances.  Concepts like sustainable development, sustainable agriculture or even
sustainable aquaculture get really tough to define and defend because the
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interconnectedness and consequential assessment required for sustainability fails when we
place fences to limit the extent of the problem.

General evidence seems to support the notion that aqua-farmers, like their terrestrial
colleagues, would support the need for production practices that promote sustainable
agriculture but almost assuredly they would have a wide range of opinions about what
approaches are sustainable or desirable.  Issues of rural equity, stability, productivity and
sustainability are strongly colored by location, experience and personal circumstance.  One
commonly agreed to point is the need for continued profitability and preservation of
economic capital, even as production paradigms evolve.

The contemporary vision of sustainability can be seen to have two imperatives, economic
growth and environmental compatibility (Magretta 1997).  Sustainable economic
development enables a business to continually upgrade its capability to secure and
maintain a competitive advantage in the world economy.  Environmental sustainability can
be restated as environmental compatibility but must go beyond the simple responsibility of
do no immediate harm to the recognition that ecosystem interactions resonate globally and
certainly may have unforeseen consequences.

Complicating our ability to pin down sustainability or environmental compatibility is the
recognition that our view and definition of these concepts changes with our advancing
technological capability, the sophistication of our understanding of environmental ecology
and the shifts in social expectations and cultural values over time.

The role of government in support of aquaculture sustainability

Public policies and programs shape the environment in which the aquaculture industry
operates.  The character of this environment or business climate has an immediate impact
on competitiveness and ultimately the sustainability of aquaculture as an agribusiness.
Clearly the government must find a middle ground between undue constraint on one hand,
and being consistent with the public duty to provide a safe food supply and a clean healthy
environment on the other.

While the government can and should play a catalytic role in promoting industry
development, it is not the specific or direct role of government to guarantee the future
success of aquaculture as an industry.  The most critical role of government is to create a
positive and stable regulatory and policy framework intended for long-term industry
growth.  The larger traditional agriculture industry is rapidly reaching the conclusion that
future prospects for growth and profitability depend strategically on sustainability and
environmental compatibility issues (Magretta 1997).  The role of government then is to
provide a commonly understood and agreed upon set of rules that supports the general
public interest in these issues and provide a level playing field for economic activity.

The killer of business efficiency is uncertainty.  In the current climate of regulatory
patchwork, the aquaculture industry is faced with a regulatory pattern that is



3

unprecedented in the growth of a new major agriculture production sector.  Ranging from
environmental regulations imposed by the local county health department to global trade
barriers based on genetics or food additives, the nascent aquaculture industry is spending
too much time deciphering and responding to regulatory code and interpretations of new
policy.  With a clearer, more stable set of rules, the time and limited financial resources
could be better used in improving production efficiency and environmental compatibility
directly through the competitive marketplace.

Government initiatives should be directed toward supporting infrastructure needed by all
sides to provide a better knowledgebase for decision-making and business productivity.
These should include-
• Support a coordinated research and development effort focused on industry

constraints or areas of conflict with public policy
• Accelerate technology transfer of public research to the private sector
• Establish a clearly stated and consistent regulatory and policy framework

The role of industry in support of aquaculture sustainability

Various sources have made predictions for the future growth of global aquaculture.  It
seems to be assumed that such growth will occur as a matter of destiny.  However, the
aquaculture industry must be responsible for seizing the opportunities for commercial
development and maintaining its competitiveness in the world economy (Anon. 1995).
Catfish farming has a 30-year record of business sustainability (Boyd and Tucker 1995),
the trout industry even longer.  Yet, clearly, conditions today are very different than even
a decade ago and conditions ten years forward will bring even more changes.  Past
performance does not guarantee future success and sustainability does not mean
immutability.

Examination of the basic trends supporting the predicted growth of global aquaculture
provides some instruction.  The commercial aquaculture sector, outside of mainland
China, has been primarily focused on the production of high value stocks destined for
markets in the industrialized nations (New 1999).  Yet much of the scope for growth in
global aquaculture production is more closely related to finding a solution to a projected
world shortfall in food protein supply.  Conventional commercial aquaculture is
increasingly distanced from the issues of world hunger and population growth (Currie
2000) and may be poised to miss one of the great economic opportunities in agriculture in
the next century.

The aquaculture industry must play a greater part in shaping its own business environment.
The aquaculture industry understands better than most the issues of nutrient loadings,
toxicity and physiology, water quality and environmental stewardship.  Instead of viewing
effluent regulations as a constraint, the aquaculture industry should shape these
regulations into competitive opportunities to utilize waste products as inputs that create
value in other production systems (Adler, Takeda et al. 1996).  In other agricultural
systems, it has been found that there is substantial economic and environmental
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justification for an investment into waste processing to reduce distribution costs by
volume reduction and to increase macronutrient concentration in wastes (Gray 1999;
Janzen, McGill et al. 1999), rather than seek out the apparent low cost waste disposal
solution.

The aquaculture industry has a vested interest in gaining access to and maintaining high
quality, clean and productive growing sites.  The aquaculture industry should strive to be
perceived as an agent working for clean water and not an industry running away from its
own environmental obligations.  In both the developing and industrialized world, access to
fresh water supplies will soon become one of the most pressing environmental and
economic issues.  In the long run, aquaculture industry growth depends on expanded
access to water.  It may well be that the next regulatory issue will not be effluent water
quality but influent water quality as a criteria for culture use and suitability.  As a
potentially harmless or even beneficial user of water resources, the aquaculture industry
has an opportunity to demonstrate leadership in appropriate development and use of
limited water supplies for the production of food products (Jenkins, Wade et al. 1995).

The U.S. and European aquaculture industries, and to some extent the general public, has
mixed feelings about intensification of production and the appropriate application of high-
yield technology to increase productivity (Kilman 1999; Urch 1999).  Other sectors of the
global aquaculture community may have made more pragmatic decisions (Leggett and
Johnson 2000).  One can clearly argue that for terrestrial agriculture (Avery 1999; Huber
1999) and specifically for aquaculture (Bergheim, Kristiansen et al. 1993; Summerfelt
1998), that intensification provides the only foreseeable solution to meeting the at odds
imperatives of conserving natural resources and meeting the food production requirements
of a growing global population.  Low yield aquaculture will not get us where we need to
go.  We simply must get smart enough to create and use the tools technology provides in a
sustainable manner (Avery 1999).

The role of research in support of aquaculture sustainability

Public investment in research programs allow science to take a long view and assess the
implications and requirements to support growth of the aquaculture industry domestically
in the face of a variety of international and domestic factors.  Research can be described
under three specific themes that should be addressed in funded program initiatives.

• Set priorities for near and long term aquaculture research and sustainable aquaculture
development through systems analyses that put biological factors, the physical
environment and external input use in perspective.

 
 The issues of production site and water resource scarcity and the issue of high capital cost
of aquaculture investment are interrelated.  Three factors influence the capital cost
required for aquaculture development.  First, and most familiar to producers, is the cost of
technology to provide intensive or semi-intensive culture systems that are viable our
economy.  Second, an increasingly important factor, is the cost of infrastructure associated
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with siting and the special equipment or provisions to meet regulatory requirements.  The
final factor is the cost of capital itself.  In most analyses the economic variable of largest
importance to successful current or prospective aquaculture businesses is the capital cost
of a new venture or expansion.  To effectively prioritize, attack and reduce these costs, it
is crucial that we systematically analyze and understand integrated sets of baseline data on
inputs, outputs and costs.  In the principle economic viability and sustainability are
mutually compatible and in the largest sense of sustainability are common objectives.
 
 The best strategy for continued growth and health of the industry is to clearly understand
where our current practices have left us and then rapidly and accurately identify those
external factors that will require adaptation in the future.  The aquaculture research
community should lead an axiomatic shift in aquaculture development from an industry
currently based on the opportunistic utilization of natural resources to an industry that is
fundamentally science based and research intensive.
 
 We need increasingly multi-disciplinary approaches to research.  We need closer national
and international cooperation that recognizes the globalization of aquaculture research
support.  We need to work toward the calculation of the total cost, including the
environmental and social cost, of food production when analyzing the market price of
products produced domestically as well as those produced elsewhere and imported.  We
need to find substitutes for key current inputs that will become limiting factors in the
future.  We may need to consider the justification and use of production support practices
to promote sustainability.
 

• Aggressively pursue, develop, document and validate management approaches and
technology that reduce the eutrophication impact of aquaculture development while
maintaining or increasing profitability.

The problem of fish farming as a source of nutrification is no different than other natural
or anthropogenic sources.  It could be argued that aquaculture has received more publicity
than its share of the total load would indicate.  Whether the impact is overstated or to
understand and correct the problem, it is clear that the charge falls to the research and
technology base to resolve the issue.

The trend in discharge regulation is now toward a dual system of receiving water waste
load allocation for mass loading control and promulgation of new effluent treatment and
technology guidelines for on-farm source reduction.  Under this new regulatory scenario,
aquafarmers will be challenged to adopt best husbandry practices to maximize production
profitability with minimal wastage of feed.  While source reduction is the appropriate
strategy, there will be no one best diet or technology solution.  Contemporary research
indicates that optimal digestible protein to digestible energy ratios will vary under different
conditions, feed intakes and growth stage of the fish.  Nitrogen excretion rates will vary
with feeding rates and meal frequency.  Nutrient digestibility will be affected by factors not
related to diet such as feeding rate, fish size, salinity and temperature.
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We need new approaches to feeding practices that will contribute to better feed utilization
and accelerated growth rates.  We need better simulation modeling of the physiological
state of the fish through to the modeling of wide-scale effects of farms on water quality.
We need the development of decision support systems for aquaculture siting which would
incorporate a geographic data base of relevant hydrographic and other environmental
information, the characteristics of the particular type of production system, and natural
resource factors such as water resource availability, spatial topography and soils, and
receiving water quality.  We need to consider diet manipulation to alter manure nutrient or
physical characteristics that heighten isolation and removal.  We need to develop
production systems that enhance the internal cycling and reincorporation of nutrients and
energy into end products.  We need to continue to develop production systems that
minimize the use of natural resources and non-renewables.

• Reduce the impact or interaction of aquaculture with external biota through more
biosecure production systems.

One of the most emotionally charged and costly problems facing the industry is the
product damage and attrition caused by predation.  Fish eating birds in pond culture,
marine mammals attacking sea cages and even invertebrates foraging on shellfish culture
beds cause millions of dollars in direct product losses and indirectly create the potential for
disease transfer and escapement.

Another strongly polarizing issue is the potential genetic interaction of domesticated
stocks with wild stocks.  With the recent introduction of bio-engineered or genetically
manipulated cultured products, the sense of concern is further heightened at the same time
that farmers are seeing the potential for vastly improved livestock characteristics.

A third interaction field is the potential for disease transmission in either direction between
aquaculture livestock and the natural environment.  While this problem typically does not
have the emotional charge of the two previous issues, the recent coverage of whirling
disease incidence in “wild” salmonid stocks in the west, the threat posed by ISA virus for
Atlantic salmon in the east and the concern over the zoonotic potential of Streptococcus
iniae in tilapia, catfish and striped bass indicates an easily aroused public interest.  The
aquaculture industry has generally responded to these concerns in a reactionary rather than
preventative basis.  If aquaculture is to become a widely valued activity, and not just
tolerated, then these concerns must be addressed and planned for ecologically, socially and
economically.

We need to develop highly biosecure aquaculture production systems to maintain the
integrity of both natural systems as well as the cultured stocks.  We need research on
better physical or behavioral exclusion barriers, creating alternative habitat for predators,
and a clearer understanding of disease epidemiology.  We need production systems that
are equally as sophisticated as the organisms being selected and manipulated to grow in
them.  In the face of declining approval or economic utilization of theraputants, we need
to isolate high-density livestock systems from the economic and biological threats of
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disease.  We need to create environmentally secure production systems that reduce the
risk of contamination that may threaten livestock or the safety of the final consumer.

Summary

In contrast to more familiar areas of aquaculture research or business activity (such as
nutrition, reproduction, product quality, business planning) sustainability and
environmental compatibility have no dedicated or easily defined base.  However it is
possible to address well-recognized issues, of economically critical importance in the near
term, and with substantial scope for research opportunity.  Many in the industry would not
make a distinction between sustainability and environmental compatibility.  Even recent
texts on sustainable agriculture suggest that aquaculture is sustainable just by its practice
alone.  Recent experience provides evidence to the contrary.  Aquaculture growth has
been historically driven by product demand and then by production profits.  To continue
development, it is increasingly clear that we must move past solely production profit
criteria and toward sustainable aquaculture concepts
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Implications of Total Maximum Daily
Load (TMDLs)  on Aquaculture

Charles H. Martin
Environmental Engineer Consultant, Office of Water Quality Assessments,

Virginia Department of Environmental Quality

Introduction

Total Maximum Daily Loads or TMDLs are required by §303(d) of the Clean Water Act
(CWA) and the §4.01 of Virginia’s State Water Control Law.  The state statute is known as
the Water Quality Monitoring, Information and Restoration Act.  The first requirement of
§303(d) of the CWA is that the states identify and develop a list of impaired waters (those not
meeting water quality standards).  The second requirement is that the states develop TMDLs
for waters on the 303(d) lists.  As with most new programs, the TMDL process has produced
a number of issues that impact other water quality management programs such as water
quality standards, monitoring, and VPDES permits. 

Waters Needing TMDLs

Only waters that violate Virginia’s Water Quality Standards are placed on the 303(d) List for
TMDL development.  These are waters that have documented long term quality problems
based on chemical and biological water quality data.  DEQ does not list waters for TMDL
development based on temporary or transient violations of the standards.  Violations of the
standards are determined by the biennial analysis of the previous five years of chemical and
biological water quality data from about 1,500 monitoring stations operated by DEQ, U.S.
Geological Survey, and Tennessee Valley Authority (TVA). 

TMDLs are special studies that identify each significant source of pollution, calculate the
amount of pollutant contributed by each source, and quantify the reductions needed to attain
water quality standards.  TMDLs are pollutant specific and waters impaired for more than one
pollutant need a TMDL developed for each pollutant.  Every TMDL has a point source and
nonpoint source component plus a margin of safety to account for uncertainties in the TMDL
analysis.  The point source or nonpoint source component may be insignificant in a particular
TMDL, but both components must be addressed.

Virginia’s 1996 and 1998 303(d) TMDL Priority List identified streams immediately
downstream of 6 fish farms as impaired due to degradation of the benthic communities.  A
special study funded by DEQ identified total suspended solids as the cause of the impairment.
The fish farms were suspected as a significant source of the impairment.  DEQ has contracted
with the Virginia Water Resources Research Center to develop TMDLs for these impaired
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stream segments.  These 6 TMDLs are scheduled to be completed and submitted to EPA by
May 1, 2002.

These will be the first group of TMDLs developed in Virginia addressing benthic community
degradation.  The benthic TMDLs present special challenges in determining the cause and
effect relationships between the pollutant(s) and the bottom dwelling aquatic life.  

Rapid Changes in TMDL Process

EPA proposed on August 23, 1999, significant modifications to the TMDL regulation with
associated revisions to the NPDES and the Water Quality Standards program regulations.
 Recently, EPA announced that the final 303(d) rules will be issued in late June or July. 
Apparently, EPA will proceed with an expanded TMDL program that will broaden federal
authority and make the TMDL a primary water quality management program instead of just
one part of the process.  One of the major impacts to the TMDL regulation revisions is the
requirement that an implementation plan must be submitted to EPA as a part of each TMDL.


