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latin squar« within each [low (Table 2). 'his design permiited lecitimate
statistical ana'ysis of leve! and diet but sirce flow was not replicated
across the latin squates there was o legitimate e vcr term for flow
(Exioriments 1 and 2, see below). it was felt that effects ¢f water flow
wou.d be so apparent that statisticel validation would be unnecessary.
However, after 20 weeks (starct of Fxperiment 3, see below) the effects of
diet had become so cbvious that there was no need to belabor that treatment
tor the duraticr, :«nd the =xperimont was radesigned as a twe-wey analysis
of variance (ANOVA), multipass ievel x flow (density), tc achieve a
‘egitimate sta*.stical evaluation of the effect of wate  flow in Experiment

Table 2. Tayout of 27 raceways in the 33 factorial experimen* tc test
the variables of water channeover rate fish density = multipass use
¢f the water in a stacked ra:=way system, and dietc on catfish growth,
moicality, condition, and foad conversion. Diet is confiqurzd as a
latin square within crongeover rate with 32.0% and 2w.5% referring to




3. Effects of flow were analyzed in Experiments 1 and 2 by use of the
three way interaction as the mean square error. This error term is smaller
than the true error and therefore might detect significant differences
where they did not occur, but detection of no significant difference would
be valid.

The dependent variables measured throughout the experiments were
growth rate, food conversion ratio, condition factor, and mortality rate.
Disease incidence and fish behavior were qualitatively assessed and
examined in 1light of predisposing environmental conditions.

Growth rate of the catfish was reported as specific growth rate (G),
and calculated by the following equation:

log, wg _ log, W,
time (days)

where we is the final wet weight and w, is the initial wet weight.
Mortality rate was measured as percent loss of existing stock per day.
Food conversion ratio was expressed as the ratio of food consumed (grams
wet weight) to weight gained (wet weight)., Condition factor (K) of the
fish was calculated as:

where W is the mean weight (g) and L is the mean length (cm).

The 27 raceways were stocked to reach 90-100% of their respective
inflow carrying capacities by the sixth week of the experiment (inventory
period 3) and were maintained at or near that stocking density as a
constant throughout the rest of the experimental period through biweekly
culling of the individual lots. The 36-week culture period was divided
into three experimental periods. Experiment 1 lasted 14 weeks (Oct. 13,
1982 - Jan. 19, 1983), and included inventory periods 1-7. After inventory
period 7 fish were repooled into a single stock and completely re-
randomized. The repooling was deemed necessary to confirm suspected
mistakes in weighing fish. A consistent 500g scale reading error was
incorporated into restocking weights after culling during inventories 4-7.
Because the error was discovered after repooling, the correct total weights
of fish in the raceways could be reconstructed and the Experiment 1 data
used. Experiment 2 began after the repooling, lasted for 6 weeks (Jan. 20,
1983 - March 2, 1983), and included inventory periods 8-10. At this time,
the two lower protein diets were eliminated and only the Glencoe diet
utilized for the remaining 16 weeks, designated as Experiment 3 and
including inventory periods 11-18.
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Bioaccumulation

Assays for heavy metal concentrations in the edible portion of the
catfish were conducted by the NSP Chestnut Laboratory facility, using
graphite furnace atomic absorption (AA), and by the Research Analytical
Laboratory of the Department of Soil Science, University of Minnesota,
using Inductively Coupled Plasma Emission Spectroscopy (ICP).
Concentrations of total polychlorinated biphenyls (PCBs) were determined in
catfish flesh by the Environmental Research Group, Inc., St. Paul, using
hexane extraction gas chromatography (GC). Fish were sampled at the
termination of the growth experiments, filleted, frozen and freeze-dried
before analysis. Concentrations of metals were determined per dry weight
of fish muscle tissue (ug/g), and PCBs were determined as concentration per
fat weight (mg/kg). Fillets from ten catfish were homogenized and one
sample was taken from the homgenate for each metal analyzed by AA., The ICP
procedure simultaneously analyzed nine metals. Three samples were taken
from the homogenate for replications of this analysis. Smallmouth bass
sampled upstream from the power plant allowed comparison of Mississippi
River fish with the catfish in the cooling water. Due to a time
constraint, the elemental analyses for bass flesh were divided between the
two metal assaying labs, with Chestnut performing As, Be, Hg, Se and Tl
analyses by AA, and the Department of Soil Science performing the
remainder of the assays by ICP.

Taste tests and marketing

Organoleptic evaluations were conducted on the catfish 26 weeks, 38
weeks, and 44 weeks after initial stocking. These tests were conducted in
the Department of Food Science and Nutrition, University of Minnesota,
under the direction and supervision of Dr. Zata Vickers., A panel of 50-56
tasters was asked to rank the fish samples in order of preference and state
whether they would purchase that product on a regular basis. Friedman's
Rank Sums was used to assess differences between groups of fish tasted
(Hollander and Wolf 1973). The catfish used were minimum dress frozen
catfish purchased prior to each test from a commercial supplier in
Mississippi and minimum dress catfish from the experiment. Catfish from
the experiment were skinned, beheaded, and eviscerated either immediately
upon removal from the power plant water or after being held without food in
well water for various predefined periods of time. Catfish tasted in each
of the three tests were as follows:

Test 1
1. frozen commercial

2. 0 days depuration, 7 days frozen
3. 5 days depuration, 4 days frozen
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Test 2

1. frozen commercial

2. 0 days depuration, not frozen
3. 2 days depuration, not frozen
4, 5 days depuration, not frozen

1. frozen commercial

2. 0 days depuration, 16 hours frozen
3. 2 days depuration, 16 hours frozen
4. 5 days depuration, 16 hours frozen

To determine their marketability, catfish produced in the power plant
cooling water, were given, or sold at a nominal cost to Minneapolis and St.
Paul metropolitan area fish retailers and wholesalers. Three paraticipants
received from one to three lots of about 30 fish per lot. These fish were
depurated for at least 2 days in well water and sold minimum dressed,
fresh, on ice at the fish markets for $1.76 to $3.99/pound. A
questionnaire designed to determine the marketing success of the catfish
was given to each seller (Appendix 3).

Economic feasibility

Steve Linne, in conjunction with Dr. Michael Semmens of the Department
of Civil and Mineral Engineering, University of Minnesota, designed a cost
analysis model for a proposed aquaculture facility utilizing the
recirculating cooling water from the outside loop of condenser cooling at
the Sherco power plant. This study is produced as a separate report (Linne
1983). The model examined a modular, high density, multipass, concrete
raceway facility for catfish, and accounted for the costs of service
pumping, water, capital outlay, personnel, and effluent and sludge
treatments. The model incorporated water recycling from 0-100% and
included the cost for recycle pumping and treatment. Four flow rates, 1,
10, 15, and 20 million gallons per day, and three amortization schedules,
10, 20, and 30 years were utilized in the model. Annual interest was 10%.

RESULTS

Experiment 1

In Experiment 1 the desired stocking density of 90% Pond Loading Index
(Klontz 1978) was reached by week six as determined from the third biweekly
inventory. The results for the first experiment were calculated only for
the last 8 weeks of this l4-week experimental period, after the fish had
achieved the desired densities for testing.



Economic feasibility

The cost analysis model indicated that the lowest cost for catfish
production occurred at a flow rate of 20 million gallons per day, the
largest proposed facility, and an amortization period of 30 years. This
estimate utilized a zero percent recycle of the water after four passes,
incurring a zero cost for recycle treatment and pumping, and indicated that
$1.52/1b. was the break-even cost for catfish production (Linne 1983).

DISCUSSION

Diet

The Glencoe trout diet was clearly superior to the two experimental
diets. Glencoe, as the sole source of nutrition, was a high quality ration
that supported excellent catfish health and growth under the rigors of
commercial culture. The fish readily consumed the hard Glencoe pellet, and
specific growth rates were comparable to the previous series of experiments
at the Sherco site (Woiwode and Adelman 1983) in which catfish were fed
Sterling’s Silver Cup, a ration accepted for intensive catfish culture (Don
Campbell, Fish Breeders of Idaho, personal communication). The Glencoe
pellet contained more protein (41%) than the experimental diets. Crowth,
conversion efficiency, and condition factor were all equally poor for
catfish fed the two experimental diets, irrespective of the 32.0% or 36.5%
protein content. This suggests that the higher protein content of the
Glencoe diet was not solely responsible for the differences in catfish
performance. The coarseness of the dietary constituents in the
experimental diets and their faster breskdown when placed in water
contributed to unavailability of the nutrient content to the fish. Further
proof of the deficiencies inherent in the experimental diets were observed
at the beginning of Experiment 3 when all fish were switched to the
Glencoe diet. Fish previously fed the experimental diets had a 2~ to 3-week
surge of growth, bringing their condition factor up to that of the fish
continuously fed the Glencoe diet. This dramatic shift is shown by a
comparison of condition factors at the beginning and end of Experiment 3,
from the time when the fish were all just placed on Glencoe from the three-
diet regimen, to when the fish had all fed on Glencoe for 16 weeks. At the
start of Experiment 3, the fish had a mean K value of 0.73 and at the end
0.87. This large increase in K value contrasts with the much more moderate
trend of increasing K value for fish fed the Glencoe diet continuously
(Table 3) and was due to the large increase in condition of the fish when
switched to Glencoe from the experimental diets.

Even though the catfish fed the experimental diets had a lower
condition factor and exhibited slower growth, mortality rate was not
exacerbated.



Mul tipass water use

As water passes through a column of fish stocked in a raceway at or
near its PLI carrying capacity, the oxygen concentration declines., With
proper velocity, the water flushes potentially deleterious fish metabolites
and unconsumed food and feces from the raceway. The resultant oxygen-poor,
metabolite- and nutrient-laden outfall water has considerably less life
support capacity than the influent water to the raceway (Meade 1978).

Although the 86 cm outfall plunge through an aerator screen oxygenated
the water between each raceway, oxygen never reached saturation. The net
oxygen loss from the inflow of the first pass to the outfall of the third
pass averaged 54% of saturation (Table 4). This loss in available oxygen
from the multipass could account for the reduction in growth and food
conversion in Experiment 1, reduction in growth in Experiment 2, and the
trend (though not significant) toward reduced growth in Experiment 3.
However, these reductions in growth rate were not as extreme as reductions
in channel catfish growth rate at reduced oxygen levels observed by Andrews
et al. (1973). Especially noteworthy were the results from Experiment 3,
where growth was not significantly reduced throughout the three raceways,
yet oxygen levels fell from 54% of saturation in influent water of the
third pass to 36% of saturation at the outfall, levels in the range noted
by Andrews et al. (1973) as significantly reducing growth in channel
catfish.

Un-ionized ammoniaconcentrations (Table 4) never exceeded levels
reported to affect channel catfish growth (Colt and Tchobanoglous 1978),
even after the third pass. The implication here is that if oxygen is not
limiting, more raceways with additional water passes could be added until
ammonia became the limiting factor, causing fish growth rate to decline to
where additional passes would result in no additional net economic return.

The trend toward decreasing influence of multipass water use on growth
rate as the experiments progressed suggests that larger fish within the
size range tested (15.7-33.4 cm total length) were less susceptible to
negative impacts of the multipass design. However, the condition factor of
the larger catfish in the final experiment was significantly reduced (P =
0.05) by the multipass in spite of no loss in growth or conversion
efficiency. Don Campbell (Fish Breeders of Idaho, personal
communication) indicated a loss in catfish condition, growth, and
conversion efficiency in the lower passes of a multipass geothermal
facility. Although only condition was significantly poorer in the lower
passes of the Sherco facility, the trends toward reduced catfish growth and
conversion efficiency coincide with observations in the geothermal
multipass.

Fish density

Fish grown in intensive culture systems may be continuously subjected



to changing water quality and other environmental conditions to which they
may acclimate without significant stress. If the animal cannot fully
acclimate, the stress may become lethal (Selye 1956) or sublethal resulting
in reductions in growth rate, food conversion efficiency, and condition
factor and causing morbidity (Wedemeyer and Wood 1974). Stresses from
stocking density and water quality have also been shown to affect
hematological parameters and hormones in channel catfish (Hilge et al.
1980, Klinger et al. 1983). Most of the concern for density in catfish
culture has been related to the effect of fish density on water quality
that is, the density that can be stocked without decreasing oxygen
concentrations or increasing ammonia concentrations to detrimental levels
(U.S. Fish and Wildlife Service 1972). Recent computer models for catfish
production management decisions (Fouche et al. 1981, Fouche et al. 1983,
Hickel et al. 1983) account for density only in terms of effects on water
quality. However, if all water quality variables are optimal, fish
stocking density can act as an independent stress through the spatial
proximity of one fish to another (Piper 1972, Refstie 1977). In salmonids,
this independent density influence appears to be directly related to
length, with larger fish tolerating an incrementally higher density without
apparent stress (Piper 1972). Although sporadic attempts have been made to
identify a density influence in catfish culture independent of water
quality conditions (Snow 1981, Klinger et al. 1983), the relationship of
this effect to length has been poorly documented especially throughout the
growth cycle of larger, marketable-size catfish. Klontz §l978) suggested
an influence of density on growth at 1.89-3.16 kg/m~/cm {0.30-0.50
1b/ft3/in) .

The experimental design of the present study allowed testing for a
density influence independent of water quality over a range of catfish
lengths. The carrying capac1t1es of the raceways in the experiments were
determined by oxygen carrying capa01ty, assuming near saturation levels of
oxygen (Klontz 1978), with maximum allowable weight directly proportional
to the inflow volume. The nearly identical levels of dissolved oxygen
content and ammonia across the three flow rates with proportionally greater
fish weight (Table 4) confirms the validity of the PLI's relationship of
stocking rate to inflow rate. Because the effect on water quality was the
same at all three densities, a comparison of density, independent of water
quality was obtained. This comparison indicated that there were no
significant differences in growth rate, food conversion efficiency,
mortality rate, or conversion factor due to density, over the entire size
range of fish tested. Thus, density of channel catfish can be 1ncreased
proportionally to length at the rate of of approximately 3.79-4.10 kg/m /cn
(0.60 - 0.65 1b/ft /in) from 19 cm to over 33 cm (7.5-13 in) without
apparent stress. Because flow rates of greater than R,, = & were not used
in the present study, it was not possible to test higher densities w1thout
1nf1uenc1m% water quality. Thus, a density index of at least 4.10 kg/m /cm
(0.65 1b/ft~/in) is attainable, with the true density limitation possibly

much higher. However, the assumption that the density/length relationship
is linear (Klontz 1978), as it is in salmonids (Piper 1972), may not be
valid. For example, Klinger et al. (1983) noted hematological changes in



changes in response to densities of approximately 0.65-0.95 kg/m3/cm in
channel catfish over 600 g mean weight, much larger than those tested in
the present study.

Bioaccumulation

Bioaccumulation of heavy metals by fish in Phase II of the Sherco
project (Woiwode and Adelman 1983) suggested that fish may have been taking
up Zn and Ni from various platings in the power plant cooling tower system.
However, the only metal noticeably higher in the catfish than in the bass
from the Mississippi River in the present study was nickel, again possibly
from the galvanized plating of the power plant cooling tower system.
Confounding this conclusion, though, is the fact that zinc levels in the
catfish were only slightly greater than the bass.

Concentrations of metals in catfish in the present study were
generally the same as those found in the Phase II experiment (Woiwode and
Aelman 1983). Because this study, unlike the Phase II experiment, utilized
effluent from the greenhouse heating system at certain times of the year,
there was concern that the fish might be affected by copper from the coils
in the greenhouse heat exchange system. There apparently was no effect,
however, since catfish and bass tissue contained similar levels of copper.

Mercury was found in both the catfish and the bass; however, levels in
bass were considerably higher. This may have been due to the length of
time the bass were in the river compared to the relatively short period of
time the catfish were cultured in the cooling water. Regardless, levels in
both the bass and catfish were considerably below the Food and Drug
Administration (FDA) action level of 1.0 vLg/g. Also, the PCB
concentration in the catfish fillets (0.70 mg/kg fat weight) was
considerably below the 5 mg/kg action level of current FDA regulations.

All bioaccumulation results were particularly encouraging for the
development of food fish aquaculture in Sherco NSP's condenser cooling
water.

Taste tests, marketing, and economic feasibility

During the Phase II experiments (Woiwode and Adelman 1983), an "off"
flavor was noted in the catfish cultured directly in the cooling water. In
all taste tests with fish from the present study, the catfish reared in the
cooling water were preferred over the commercial product, regardless of
whether or not they were held in well water. The tests did reveal that the
flavor could be improved by depuration in clear well water. A 24-hour hold
in well water was sufficient to improve flavor; although a 5-day hold
enhanced this trend, it significantly improved (P = .05) the flavor in only
one of the three tests.



Although the yellow grub found in most of the fish is not a human
health hazard, it is aesthetically unacceptable to many consumers of fish.
There is no treatment to rid fish of this organism in the encysted stage;
however, preventative measures can be taken to insure that snails do not
enter the water flow enroute to the fish.

The marketing trials qualitatively confirmed the results of the taste
tests when written and verbal communication with the sellers indicated
rapid sales, good comments from customers, and requests for more fish.
This suggests a potentially untapped market for fresh, high quality catfish
in this area of the country.

The cost analysis model was developed prior to completion of the
present study and thus does not include the current data. The system
projected in the model was a four-pass open system, with possible
recirculation after the four passes. Based on this year's data of ammonia
production in the triple pass prototype, it appears that production would
be more economical if more passes were added until ammonia limited
production to the point where the net economic return for additional passes
was zero. In addition, a variety of other modifications are necessary.
The cost of water should be updated to reflect the most recent NSP cost
estimates. The capital outlay and personnel requirements (operating costs)
for the additional water passes need to be assessed. The distribution of
thermally regulated water and the effluent and sludge treatments should, if
at all possible, be incorporated into the design of the outside loop of the
condenser cooling system to be constructed for the new Sherco III unit.
These refinements may substantially reduce the $1.52/1b cost of production.
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200 Hodson Hall
1980 Folwell Avenue
St. Paul, Minnesota 55108

Sed 11 rwincimiEs

July 19, 1983

TO: Fish Marketing Participant
FROM: Ira R. Adelman, Ph.D.

Thank you for agreeing to participate in a marketing trial of channel catfish
raised in a research project conducted by the University of Minnesota, Department
of Fisheries and Wildlife and funded by Northern States Power Company. These fish
were grown in the cooling water from the NSP SHERCO coal fired power plant. The
project was designed to examine the potential for utilization of this source of
wasted heat for growing fish at an optimum temperature throughout the year.

Please fill out the following questionnaire and return it to the above address or
call 373-1702 and it will be picked up.
Questionnaire

1. What was the initial price at which the

catfish were sold? Initial price //~:7 &

2. How many were sold at the initial price

over what period of time?

Number sold -2 :S
days ¥ i

3. Did you reduce the price from the initial? Yes
If yes, what was the reduced price? Reduced price
4. How many fish were sold at the reduced Number sold
price over what period of time? Days
5. Did you dispose of any unsold fish?
If yes, how many? Number disposed of ;a%z.
6. Would you like to have more catfish
from the project? Yes No
7. Do you think there is good potential
for marketing catfish in the Twin Cities? Yes. No
8. Any comments from yourself or your

Name of Participant (Company)

customers that you wish to offer?

dé/ Cosnmpesifs .;;fﬂé"”l Coclimmers
/Ll 4»97;; ALeod,

g

Thank you.

/ EREUEE j’ as s 2 EAADP s
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Fish Marketing Participant

FROM: Ira R. Adelman, Ph.D.

Thank you for agreeing to participate in a marketing trial of channel catfish
raised in a research project conducted by the University of Minnesota, Department
of Fisheries and Wildlife and funded by Northern States Power Company. These fish
were grown in the cooling water from the NSP SHERCO coal fired power plant. The
project was designed to examine the potential for utilization of this source of
wasted heat for growing fish at an optimum temperature throughout the year.

Please fill out the following questionnaire and return it to the above address or
call 373-1702 and it will be picked up.

Questionnaire

1. What was the initial price at which the - 7_7.
catfish were sold? Initial price = 4eiiLs
2. How many were sold at the initial price Number sold Sﬁ‘ea (fé SoRES
over what period of time? days 2 DAYS
3. Did you reduce the price from the initial? Yes N &
If yes, what was the reduced price? Reduced price
4. How many fish were sold at the reduced Number sold
price over what period of time? Days
5. Did you dispose of any unsold fish? - {
If yes, how many? Number disposed of /O - 3 ea oif
y 2 A)o&rﬂ’
6. Would you 1ike to have more catfish P SreKEs
from the project? Yes X No
7. Do you think there is good potential
for marketing catfish in the Twin Cities? Yes L~ No * Bur
VERY
8. Any comments from yogrself or your DiFFICaL
customers that you wish to offer? (,DGIS?Q'.
re rig
I . i
Name of Participant (Company) %ﬁb yS [~ISH /7/0"'/55:. i
Thank you. Teew v <L YL









