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next growth interval of 14 days. During inventories, gross and microscopic 
examintions were made for infectious and environmental disease. 

Three local diets were used as t he s ol e source of nutr i t ion f or t he 
catfish in this study (Appendices land 2). The pr inci ple d i fference among 
the diets was crude protein l e ve l. The commerci ally avai lable Glencoe 
trout pellet had 41% prote i n wi th over ha l f deri ved from f i s h meal. The 
two experimental catfish diets, prod uced spec i fica lly for th i s study, 
contained 36.5% and 32.0% crude protein r espect i ve l.y , all of plant origin. 
The energy content of the feed s was 2687 ca lor i es/kg for Gl encoe, 2423 
calories/kg for t he 32.0% prot ein experimental di et, and 2313 cal ories/kg 
for the 36.5% pr otein experimental d iet. 

Exper imental des ign and analysis 

The experiment was initially designed to test the t hree i ndependent 
variables of flow rate (fish dens i t y), l evel i n t he multipass system , and 
diet as a 33 factorial in a spl i t-pl ot des ign wi t h flow serv ing as a whole 
plot and mul t ipass l e ve l and diet as s ub- plot s and di et configured as a 
latin square within each flow (Table 2). This de sign permitted legitimat e 
statistical analysis of l eve l and diet but since flow was not replicated 
across the latin squares there was no legi t i ma te e r ror t erm for f low 
(Experiments 1 and 2, see below). It was f e l t t ha t e ffec ts of water flow 
would be so appa r ent that statistica l val i da ti on would be unnecessary. 
However, after 20 weeks (start of Experiment 3, see below) the effects of 
diet had become so obv ious that there was no need to belabor that treatment 
for the duration, and the experiment was redesigned as a two-way analysis 
of variance (ANOVA) , multi pass l evel x f low (density), to achieve a 
l egi t i mat e stat istical evaluation of the effect of water flow i n Exper iment 

Table 2. Layout of 27 raceways in t he 33 factorial exper iment to test 
the variables of water changeover rate (f i sh dens i t~ , multipass use 
of the water in a stacked r aceway system, and d iet on catfi sh gro wth , 
mor tality, condition, and food convers i on. Diet i s conf igured as a 
latin squar e wi thin changeover rat e wit h 32.0% and 36.5% referr ing to 
the t wo level s of protein in the e xpe ri me nta l d i ets and Glco 
referr i ng to the Gle ncoe die t . 

Raceway Changeover Rat e 

Pass Rt.v=4 Rt.v=6 Rt.v=8 

Fi r s t 36.5% 32.0% Glco Glco 32. 0% 36. 5% 36. 5% 32. 0% Glco 

Second 32. 0% Gl co 36. 5% 32.0% 36.5% Gl co 32. 0% Glco 36. 5% 

Third Gl co 36. 5% 32. 0% 36.5% Glco 32. 0% Gl co 36.5% 32.0% 



3. Effec ts of fl ow were ana l yze d i n Ex pe r ime nt s 1 a nd 2 by use of t he 
t hree way int eraction as t he mean square e r ror. This er r or t er m i s smal l er 
than the t r ue e r ro r and t he r e f or e mi gh t de t ec t signi f i cant d if f e r e nces 
where they d id not occur , but detection of no s i gnif icant d i f fer ence would 
be va l i d . 

The dependent variables measured throughout the experiments were 
growth rate, food conversion ra t io, condition factor, and mortality rate. 
Disease incidence and f i s h behav i or were qua l itatively assessed and 
examined in light of predisposing envi r onment al cond itions. 

Growth rate of t he catfish was r eported as soeci fic growth r at e (G), 
and cal culated by the following equation: 

logn wf _ l ogn WoG = t ime (days) 

where wf is the final wet weight and Wo i s the initial wet weight. 
Mortality rate was measured as pe rcent loss of existing stock per d ay. 
Food conversion ratio was ex pr essed as the ratio of food consumed (grams 
wet weight) to weight gai ned (wet weight) 0 Condition factor (K) of t he 
fish was calculated as: 

where W is t he mean weight (g) and L is the mean l eng th (em). 

The 27 raceways we r e stocked to reach 90- 100% of thei r r espective 
inflow carrying capaci t ies by t he s ixth week of the experiment (inven tory 
period 3) and were maintained at or near t ha t stocki ng density as a 
constant t hroughout the rest of the experimental period through bi weekly 
cull ing of t he i ndi vidua l l ot s . The 36-week cu1 t ure per iod was di vided 
into three experimental peri od s . Expe riment 1 l as t ed 14 wee ks (Oct. 13, 
1982 - Jan. 19, 1983) , and inc luded inventory per iods 1-7. After inventory 
per iod 7 fish were repooled into a si ngle stock and complete ly re­
random ized. The r epool i ng was deemed necessary to confirm suspected 
mistake s in weighing fi sh. A consistent 500g scale reading error was 
i ncorporat ed into restocking weights after culling during inventories 4- 7. 
Because t he error was discovered af ter r epoo1ing , t he correct tot al weig hts 
of fish in t he raceways could be r econstructed and t he Ex pe riment 1 d ata 
used. Exper iment 2 began afte r t he r epool i ng, l ast ed for 6 weeks (Jan. 20, 
1983 - March 2, 1983), and included inven tory per i ods 8-10. At thi s time, 
the two lower protein d i ets were el i mi nated an d only the Glencoe die t 
util ized f or t he rem a i ni ng 16 weeks , des i gnated a s Expe r i me nt 3 and 
incl uding i nventory per iod s 11-18. 
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Bl oaccumulation 

Assays f or hea vy me ta l conc e nt r a t i ons i n t he edi b l e por ti on of the 
cat fish were c ondu c t ed by t he NS P Chest nu t Labo r a t ory f ac i l i t y, using 
graphi te furnace a tomic absorption (AA) , and by t he Re se a r ch Ana l yt ical 
Laborato ry of the Department o f Soi l Sc i e nce , Un i ver s i t y of Minne sota , 
u s ing I nducti vely Coupled Plasma Emi s s i o n Spectroscopy ( I CP) . 
Concentrations of tot al polychlorinated b i phenyls (PCBs) we re det er mined i n 
catfish flesh by t he Environmenta l Research Group, Inc., St . Pau l, using 
hexane e xt r ac t i on gas c hromatography (Ge) . Fi s h we r e sampl ed a t t he 
termination of t he gro wth exper iments, filleted, f rozen and f reeze-dried 
before analysis. Concent r ations of me t a ls were det er mined per dr y we i gh t 
of fish muscle tissue ( ~g/g), and PCBs wer e det ermined as concent r a t i on per 
fat weigh t (mg/kg). Fi l l ets f r om t e n catf ish we re homoge n i zed and one 
sample was t aken f rom t he homgenate for each met a l ana l yzed by AA. The ICP 
procedure s imultaneously anal yzed ni ne metals . Thr ee sample s wer e t aken 
f rom t he homogena te for r eplica t i ons of t his ana lysi s . Srnallmouth bass 
sampled ups t ream from t he power pl ant al l owed compar ison of Mississ ippi 
River f ish with t he c at f ish i n t he cooling wa t e r . Due to a t i me 
const rai nt , the element a l analyses for bas s f l es h were di vided between t he 
t wo me t a l a ssaying labs, wi t h Che s t nut pe r f or mi ng As, Be , Hg , Se a nd Tl 
ana lyses by AA, and t h e Depar t me n t of So il Science performi ng t he 
rema inder of t he a ssays by ICP. 

Taste t e s ts and mar ke t i ng 

Organol ept i c evaluations were conducted on t he catfi sh 26 weeks, 38 
weeks, and 44 weeks after i ni tial stocki ng. These t e s t s were conduc t ed in 
the Depa r t me n t of Food Sc i e nce a nd Nutr i tion, Uni versity of Mi nne s ot a , 
under t he direction and supervis ion of Dr. Zata Vickers. A panel of 50- 56 
tast ers was asked t o rank t he fish sampl es i n order of preference and state 
whether t hey would purchase t hat prod uct on a r egul a r bas is. Friedma n' s 
Rank Sums was used t o assess differenc e s between gro ups of f i sh t a s t ed 
(Hollander and Wolf 1973) . 'll1e ca t f i sh used were min i mum dres s f r ozen 
ca t fish purchased pr i or t o e ach t e st f rom a commerc ial suppl ier in 
Miss i ssippi and minimum dress ca t fi sh f r om the exper i ment. catfi sh from 
the exper iment were skinned, beheaded, and ev iscerated e i ther immed i a t e ly 
upon r emoval f r om t he powe r pl ant water or after be i ng held wi thout food in 
wel l wat er for various pr edef i ned per i ods of time. cat f i sh t ast ed i n each 
of the three t es t s were as fol l ows: 

Test 1 

1 . fro zen commer cia l 
2. 0 days depur at i on , 7 days f r ozen 
3. 5 days depur at i on , 4 days f r o zen 
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Test 2 

l. f r ozen commerc i a l 
2. o days depuration , not frozen 
3. 2 days depuration , not fro zen 
4. 5 days depurat ion, no t frozen 

Test 3 

i , fro zen commercial 
2. o days depuration , 16 hours fro zen 
3. 2 days depurat i on , 16 hours frozen 
4 . 5 days depur at i on , 16 hours f r ozen 

To determi ne t he i r marketabi li t y , catfi sh produced in the power plant 
cooling water , we r e given , or sol d at a nominal cos t t o Minneapol i s and St. 
Paul metropoli tan area fish r eta i ler s and whol esa l e rs. Three para t i c i pant s 
received f rom one to thr ee lots of about 30 f i sh per l ot . These f ish we r e 
depur ated for a t l e as t 2 days in well wa ter and sol d mi n i mum d r essed, 
fre sh, on ice at t he fi sh market s fo r $ 1. 76 to $3. 99/pound. A 
questionnaire designed t o determ ine t he marketing succes s of t he catfi sh 
was given to each seller (Appe ndi x 3). 

Economi c feas i b i lity 

Steve Linne, i n conjunct ion with Dr. Michael semmens of t he Depar t ment 
of Civil and Mineral Engi neer i ng , University of Mi nnesota , designed a cost 
analysis mod e l f o r a propos e d aq uac u lture fac i l i t y ut i l iz ing t he 
recirculating cooling water from the outside l oop of condenser cool ing at 
the Sler co power plant. Thi s study is produced as a separate r eport (Linne 
198 3) . The model examined a modular, high dens i t y , mul t ipas s , concr e t e 
raceway f aci li ty fo r catf i sh , and ac counted f or the cos ts of service 
pumping, water, capi t al outlay, pers onnel, and e ff luent and sludge 
treat ments. The model i ncorpora ted water rec yc l i ng f r om 0-1 00% and 
included the co s t fo r recycle pumpi ng and treatment. Four f l ow rat es, 1, 
10, 15, and 20 million gal l ons per day, and three amor t ization sched ules, 
10, 20, and 30 years were uti lized i n the mode l . Annual inter es t was 10%. 

RESULTS 

Experiment 1 

In Exper iment 1 the des i r ed stocking density of 90% Pond Loading Index 
(Klontz 1978) was r eached by week s i x as determined from the third b i weekly 
inventory. The resul t s f or the fi r s t ex per iment were calculateCl only for 
the las t 8 weeks of th i s 14-week e xper i menta l per iod , after t he f i sh had 
achieved t he desi r ed densi t ies for tes t i ng. 



Economic feas ibili t y 

The c ost ana l ys i s model i nd i c a t e d tha t the l owe s t cos t f or c a tfi s h 
pr oduct ion oc cur r ed a t a fl ow rate of 20 mi lli on ga l l ons pe r day , the 
largest pr oposed f ac i li t y , and an amor ti za t i on peri od of 30 ye a r s . This 
e s t i mate ut i li zed a zero pe r cent r e cyc le of the wa te r af ter f our pa s se s , 
incur ring a zer o cost for r ecycle t reatmen t and pum pi ng, and indi ca t ed t ha t 
$1.52/1b. was the break- even cos t for catfish pr oduc tion (Linne 1983) . 

DIOClSSION 

Diet 

The Glencoe trout d iet was c l early super i or t o the t wo exper i mental 
diets. Glencoe, as t he sol e source of nut riti on , was a hi gh qual i t y r at i on 
t hat s uppo r t e d excellen t c a t fi s h he a lth and gro wt h under the r igors of 
commercia l cul t ure. The f i sh r ead i l y consumed t he hard Glencoe pel l et , and 
sPeCi f ic growth r a t es wer e compar able t o t he pr ev i ous series of exper iments 
at the She rco s i te (Wo i wode and Adelman 1983) i n whi c h ca tfish we r e f ed 
St erl ing' s Si l ver Cup, a r at i on accept ed for intens i ve ca t f i sh c ul t ure (Don 
Campbell, Fi sh Breeders of Idaho, pe r s ona l c ommunica t i on) . The Gl e nc oe 
pelle t contai ne d more pr ote i n (41 %) t han the e xperimen t al d ie t s . Growth , 
c onve r s ion effi c i ency , a nd c ond i t i on f ac tor were a l l equa l ly poor for 
catfi sh f ed the t wo exper iment al die t s, i r r esPeCt i ve of t he 32.0% or 36. 5% 
prot ein c on t ent . Thi s s ugges t s t hat the hi ghe r prote in conten t o f the 
Glencoe die t was not solely r e s pons i bl e for t he d i fferences i n catfi sh 
perform ance . The coarse nes s o f t h e die t ary cons t i t ue nts i n the 
e xper i ment a l d iets and t he i r f aste r breakdo wn whe n plac ed i n wate r 
contr i buted to unavailab il i t y of the nutr ient cont ent t o the fi sh. Fur t her 
proof of the def i cienc i e s i nher ent i n the exper imental die ts wer e observed 
at t he begi nning o f Exper iment 3 whe n a l l fi s h we r e s witched t o t he 
Glencoe diet. Fi sh pr ev ious l y fed the exper iment a1 die t s had a 2- to 3-week 
s ur ge o f gr owth , bri ng i ng t he i r c ond i t i on f ac t o r up t o t hat of t he f i s h 
c ontinuo us ly fed the Glenc oe d i e t . Thi s d r amat ic s h i f t i s shown b y a 
compar i son of condit i on fac t or s a t t he begi nni ng and end of Exper i ment 3, 
from the t i me when t he fi sh wer e al l j ust placed on Glencoe f r om the thr ee­
di et reg i men, to when t he f ish had all fed on Gl encoe f or 16 weeks . At t he 
start of Expe r i ment 3, the f i sh had a mean K va l ue of 0. 73 a nd a t t he e nd 
0.87. Th is l arge i ncr ease i n K va l ue cont ras t s wi t h t he much mor e moderat e 
t r end of i nc reasi ng K va l ue fo r fi s h f ed the Gl e ncoe d i e t cont i nuous l y 
(Table 3) a nd wa s due t o t he l a r ge i nc r ease i n c ond i t ion o f t he f i s h when 
swi tched t o Glencoe from t he e xperimen t al d ie t s . 

Eve n though the ca t f i s h fed the e xper i mental d ie t s had a l owe r 
c ond i t i on fact or and exh i b i t ed slo we r gro wt h , mor t a l i ty r a t e wa s not 
exacerbat ed . 



Mul t i pa s s wat er use 

As wa t er pa s ses through a col umn o f f i s h stocke d i n a r aceway at or 
near i t s PLI c a rryi ng capac i t y , t h e o xyge n conc e nt r a t ion de cl i ne s, Wi t h 
proper veloc i t y , the wa ter f l ushes pot enti a l l y de l e t e r i ous f i sh metabolite s 
and unc ons umed food and feces f r om the raceway. The resul t ant oxygen- poor , 
metabol ite- and nutrien t-laden out fall water has cons iderabl y l e s s l i fe 
suppor t capacity t han t he influent wa t e r to t he r aceway (Meade 1978) . 

Although the 86 em outfa l l pl unge through an aerator sc r een oxygenated 
the water be t wee n each raceway, oxygen never r eached satur a t ion. The net 
oxygen los s f r om the i nflow of t he f irst pass to the outfa ll of t he th i r d 
pass ave raged 54% o f s a t u r a t i on (Tabl e 4) . Thi s l oss in a va il ab l e oxygen 
f rom the mul tipass could account for the r educt ion in g r o wth a nd food 
conve r s ion in Experiment 1, reducti on in g r owth i n Expe riment 2, a nd t he 
t r e nd (though not significant) toward r e d uced growth i n Expe r i me n t 3. 
However, these reductions in gr owt h r a te were no t a s extreme a s reduct i ons 
in channel catfi sh gr owt h rate a t reduced oxygen levels obser ved by Andre ws 
et ale (19 73). Especially noteworthy were the r e su l ts f r om Expe riment 3, 
where growth was not significantly reduced throughout t he t h r ee race ways, 
ye t ox ygen l evels f e l l from 54% of satur a t i on in infl uen t wa t er o f t he 
third pass to 36% of saturation at the o ut f a ll , levels in the range noted 
by Andrews et ale (1973) as s i gnificantly reducing growth in channel 
catfish. 

Un-ionized ammoniaconcentrations (Table 4 ) never e xceeded l eve l s 
reported to affect channel catfish growt h (Colt and Tchoba nog l ous 1978), 
even after the third pass. The im pl ication here is t ha t if oxygen is not 
limiting , more raceways with additional water pa s ses could be added unti l 
ammonia became the limiting factor , causing f i sh gr owth rate t o decline t o 
where addi tiona l passes would result i n no add i t iona l net economi c r e turn. 

The trend t oward decreasing influence o f mul tipas s wate r us e on growth 
rate as t he experiments progressed suggests that l arge r f i s h wi t h in the 
size range tested (15.7-33.4 cm total l e ng t h) wer e less s usceptible to 
nega t i ve impacts of the multipass design. However, the condi tion f ac tor of 
the larger ca tfish in the final experiment was significantly r ed uced (P = 
0.05) by the mul t i pa s s in spi te o f no loss i n growth or c onversi on 
eff iciency. Don Campbell (F i sh Br e eders of Id a ho, p e rs ona l 
communication) indicated a loss in ca t f i s h conditi on, grow t h, a nd 
conversion efficiency in t he lower passe s of a mul tipa s s geothe rmal 
facili ty. Although only condition was s i gni f i cantly -poor e r in t he l ower 
passes o f the Eherco faci l ity , the trend s toward r ed uced catfish growth and 
c onve r si on effici e ncy c oincide wi t h obser va t ions in t he ge o the r mal 
multipass. 

Fish densi ty 

Fi sh gr o wn i n i nt ens i ve cul ture sy s t ems may be con t i nuousl y s ubj ect ed 



t o chang ing water qua l ity and other environmenta l cond i tions t o which t hey 
may acc l ima t e withou t significa nt st r ess . If t he an i mal canno t f ully 
acclimat e, the s t r ess may become lethal (Selye 1956) or subletha l resulti ng 
i n r educ tions i n gr owt h r a t e, f ood conversion efficiency, and cond i t ion 
fac tor and causing morb idity (Wedemeyer and Wood 1974). Stresses f r om 
stocki ng densi ty and water qual i ty have also been shown to a f fec t 
hema tolog ical parameters and hormones in channel catfish (H i lge et ale 
1980, Klinger e t ale 1983). Most of the concern for density in catfi sh 
culture has bee n related to the ef f ec t of fish de ns ity on wate r quality 
that is , the de ns i t y that can be stocked wi thout decreas ing oxygen 
concent rations or increasing ammon ia concentrations to detrimental levels 
(U.S. Fish and Wildlife Servi ce 1972). REtcent computer model,s for catfish 
production management decisions (Foucbe et al. 1981 , Foucbe et a l. 1983, 
Hickel et a l. 1983) account f or dens i ty only in term s of e f f ec t s on water 
quality. However, i f a l l water quality variables are optimal , fi sh 
stocking density can act as an independent stress through the spatial 
proximity of one f ish to another (Piper 1972, Ref stie 1977) . In salmonids, 
this i nde pe nde nt density influence appears to be directly related t o 
leng t h, wi th larger fi sh tolerating an incrementally higher densi ty without 
apparent stress (Piper 197 2) . Although sporadic attempts have been made to 
ident ify a density influence in cat f i sh culture i ndependent of water 
quali ty cond i tions (Snow 1981, Klinger et al , 1983), the relationship of 
this ef f ec t to length has been poorly documented especially throughout t he 
gr owth cycle of larger, marketable-size catfish. Klontz j1978) suggested 
an i nf luenc e of de nsity on growth at 1.89-3.16 kg/m /cm (0 .30-0.50 
1b/ft3lin) • 

The experimental design of the present study a llowed testing f or a 
density i nf l ue nce independent of water quality over a range of catfish 
lengths. The carrying capacities of t he raceways in the experiments were 
determined by oxygen carryi ng capac ity, assum i ng near saturation l evels of 
oxygen (Klontz 1978), with max i mum allowable weight directly proportional 
to the inflow volume. The nearly identical leve l s of disso lved oxygen 
content and ammoni a across t he t hree f l ow rates wi t h propor t i onal l y gr eat e r 
fish we ight (Tab l e 4) conf i rms t he val id i ty of the PLI's r e l a t i onsh i p of 
stocking r ate to inflow rate. Because the e f fect on water qua l ity was the 
same a t a l l t hree densities , a compar ison of de nsity , independen t of water 
quality was obtained . Th i s compar ison indicated tha t the re were no 
s i gni f i cant d i f f erences i n g r owth rate, food conversion ef fic iency , 
mortality r a t e , or conversion factor due t o density, over the ent i r e s ize 
range o f fish t e s t ed . Thus, densi ty of channe l catfi sh can be increa seCl 
proport ionally to lJngth at t he rate of of appr oximat e l y 3.79-4.10 kg/m3/ern 
(0. 60 - 0. 65 I b/ f t l in) from 19 cm to ove r 3 3 em (7.5- 13 i n) wi t hout 
apparent stress. Because f lo w rates of gr ea t e r than = 8 were not usedR6v 
in t he present s t udy , it was not poss i ble t o tes t h igher de ns i t i e s wi t hout 
influenc in~ wat er qual ity. Thus , a dens i ty index of at least 4. 10 kg/ m3/ern 
(0.65 Ib/ft l in) is attainabl e, with the true dens i t y l imitat ion pos sibly 
much hi qbe r , However, t he assumpt i on t ha t the dens i t y/ l eng th rel a tionsh i p 

i s l inear (Kl ontz 19 78) , a s i t i s i n s a l mon i d s (Pi per 19 7 2), may not be 
valid . For exam pl e , Kli nger e t al. (1983) noted hemat olog ical cha nges i n 



change s i n r espo nse t o de ns i ties of appr ox i mate l y 0.6 5- 0. 95 kg/ m3/ cm i n 
channel ca t f i sh ove r 600 g mean we i ght , much large r t han those tes t ed In 
t he present s t udy. 

Bioaccumul at ion 

Bioacc umul a t ion of he avy met a ls b y f ish i n Phase II of t he She r co 
projec t (Woi wode and Mel man 1983) sugges ted t hat fish may have been taki ng 
up Zn and Ni f r om var i ous pl a t ings i n t he power pl ant cooling t ower system. 
However , t he only met a l noticeabl y hi gher i n t he ca t f i sh t han i n t he bass 
from the Miss iss i ppi River in t he present study was nickel , agai n possibly 
f r om t he gal va ni zed pla t ing o f t he powe r plant cool i ng towe r sys t em. 
Confound i ng th i s c oncl us ion , though , is t he f act that z i nc leve ls i n t he 
ca t f i sh wer e onl y s l ight l y greater t han the bass. 

Concen t rati ons of meta l s i n c a t f i s h i n t he pre se n t s t udy we r e 
generally the same as t hose f ound in t he Phase I I exper i men t (Woi wode and 
Me l man 1983). Because t hi s study, unl i ke t he Phase II experiment, util i zed 
e f fluent from t he greenhouse heating s yst em at cer t a i n times of t he year, 
ther e was concern that the fi sh might be affected by copper from t he coils 
i n t he gree nho use hea t exchan ge sys t em. The re apparentl y wa s no e ffe c t , 
however , s ince catf ish and bass t i ssue cont a i ned similar l evels of copper . 

Mercur y was f ound i n both t he catf i sh and t he bass ; however , l eve l s in 
bass we r e cons ide r ably h i ghe r. Thi s may have been due t o t he l eng t h of 
time t he ba s s were i n t he r i ve r compar ed to t he r elat i vely shor t per i od of 
t i me t he catfi sh wer e cul t ur ed in t he cool i ng wat e r . Regar dl es s , level s in 
both the bas s and catf ish we re c ons ider abl y be l ow the Food a nd Dr ug 
Admi n i s tration (FDA) ac ti on l e vel o f 1. 0 J.l g / g . Als o , t he PCB 
concent rat ion i n t he c a t f i s h fil l e t s (0. 70 mg/ kg f at we igh t ) was 
cons ider ably below the 5 mg/kg ac t ion l evel of c ur r ent FOl>. r egul a t i ons . 

All bi oacc um ul ation r e su l t s we r e part icu l arl y e ncourag ing f or t he 
devel opment of f ood f i sh aquac ul ture i n She r c o NSP' s conde ns er c ool ing 
water . 

Taste t est s, marketing, and economic feas ib il i t y 

Duri nq t he Phase II experiment s (Woi wode and Melman 1983) , an "of f" 
f lavor was noted i n t he cat f i sh cul t ur ed d irec t l y i n t he cool i ng wat er. In 
al l t as t e t ests wi th f i sh from the present s tudy , the ca t f ish r ea r ed i n t he 
cooling wa ter wer e prefer r ed over the commerc i al pr od uc t, r ega r d l ess of 
whet he r or not they wer e held i n wel l water . The t es t s di d re veal tha t t he 
flavor coul d be improved by depur at i on i n clear well wa te r . A 24-hour hold 
i n wel l wat e r wa s s uff i c i e nt t o improve fl avor; a l t hough a 5- d ay hol d 
enhanced t hi s trend , it significantl y impr oved (P = . 05) the flavor i n onl y 
one of the t hree t ests. 



Al t hough the ye l low gr ub found i n mos t of the fish is not a human 
hea l t h hazard, it i s aes t he t ical ly unaccept able to many consumer s of f i sh . 
'!here i s no t r ea t ment t o rid f i sh of t hi s organ i sm i n the encys t ed stage; 
howe ve r , preve nta t i ve mea sur es can be t a ken t o insure tha t s na i l s do not 
ente r t he wat e r f l ow enroute to the f i sh. 

The market i ng trials qualitati vel y conf irmed t he re sults of t he t aste 
tes t s when wr i tte n and verbal comm unica tion wi t h the selle rs i ndica t ed 
r ap i d s al e s , good c omments fr om cus t omers, and r equests f or mor e f i sh . 
'!hi s suggest s a potentially untapped mar ke t for fresh , high quali ty catf ish 
i n th i s area of t he count r y. 

The cost ana lys is model was develop ed pr i or to c ompl et ion of the 
present study and t hu s does no t i nc l ude t he cur rent da ta . The system 
pr ojec ted i n the mode l was a four-pass open system, wi t h pos sible 
rec i r cul a t i on af t er t he f our passes. Based on this year's dat a of ammonia 
production in the t riple pass pr ot ot ype , i t appears that produc t ion would 
be more e c onomi c a l i f more passes were added until ammoni a limi t ed 
pr oduct ion to t he point where the ne t economi c r e turn for additional passes 
was ze r o. In add i t i on , a va r i e t y of other modif ica t ions a r e neces sary. 
The cos t of water s hou l d be upda t ed t o r e fl ect t he mos t r ecent NSP c os t 
esti mates . The capita l out lay and per sonnel requi rements (operating cos t~ 

for the add i t i ona l wa t e r passes need to be a s se s sed . The d i str ibution of 
thermally r egul ated wat er and t he effluent and sludge treat ments shoul d, if 
a t all possible , be i ncorporat ed i nt o t he design of t he outs ide l oop of the 
condenser cooli ng s ys t em t o be c onst r ucted for t he ne w Sher co II I unit . 
'Ihese r efinements may substantially reduce the $1.52/ l b cost of pr oduc t i on. 
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APP»IDIX 3� 

Letter s r et urned by ca t f i sh marketing part ic ipants .� 



• _ ••• • • •• •• •• • _ ... ,... .... ' .. . ..... IH VI I , ...,Hlv l ' v ~ tJ,1 1\J V'fli U lI I C 

\ :."J .I .j " WIN CITIES� 200 Hodson Hall 
1980 Folwell Avenue 
St. Paul, Minnesota 55108 

July 19, 1983 

TO: Fish Marketi ng Part i cipant 

FROM: Ir a R. Adelman, Ph.D. 

Than k you for ag ree ing to par t i cipat e in a marketing t rial of channel cat fis h 
raised in a re searc h project conduct ed by t he University of Minnesot a, Depar t ment 
of Fi sheries and Wi ldl i f e and funded by Nor t hern States Power Company. These f ish 
were grown in the cool ing wat er f rom the NSP SHEReo coal f i red power pl an t . The 
project was designed t o examine t he potent i al f or utilizati on of thi s source of 
wasted heat for gr owing f is h at an optimum t emperature thr oughout the year. 

Please f i l l out t he foll owi ng questionnaire and re t urn it to t he above address or 
call 373-1702 and it will be picked up. 

Questi onnaire 

1.� What was t he initial pr i ce at wh ich t he 
catfish were sold? Init i al price 1.7 b 

2.� How many were sold at t he initi al price Number sold .2 5 
over what peri od of t ime? days 5 

3.� Did you reduce the price from the in it ial ? Yes ~ 
If yes, what was t he reduced price? Reduced price __ 

4.� How many f ish were sol d at the r educed Number sol d 
Days ---------­price over what per i od of time? 

5.� Did you dispose of any unsold f ish? 
If yes, how many? Numb er dis posed of ~t1 . 

6.� Wou ld you l ike to have more catf ish ~ 
from the project? ~ No 

7•� Do you th ink there is good pot ent i a1 ~ 
for market i ng catfi sh i n t he Twin Citi es? ~, No 

8.� Any comment s f romyour se1f or your /)/J J} /) ~_ . ,. .J . /1-':"'7],-' I"l . 1 +~ln/~ 
customers that you wish to offer ? VIL(~ L£l7J'!AHk';~ .,.-t,<..1' , ~'''hf.-·~", 

Name of Par tic ipant (Company) ilI.lM"1::,,=-tf--~ -1J'b~ ~77 d. 
v C/·

Thank you. ../� . . 





- - - ---

'.1 "' ;1� . :1 1 UI ~IVCnv l l T u r IVIII\l I\l C \':>U 11-\ Je partment of Fisheries and Wildlife to . 
' -:" !!:~J ;:j : TWIN CITIES� 200 Hodson Hall ifiE :f';': v.r~PJ
 

1980 Folwell Avenue ~ , ..~ ' .~
 

51. Paul, Minnesota 55108 

NSp
July 19, 1983 ifsEARCH 

TO: Fish Market i ng Part ic ipant 

FROM : Ir a R. Adelman, Ph .D. 

Thank you for ag reeing to part ici pate in a marketi ng trial of channe l catfish 
raised in a res earch project conducted by the Univer sity of Minnesot a, Department 
of Fisheries and Wildl ife and f unded by Norther St at es Power Company. These fish 
were grown in the cooling water from the NSP SHERCO coal fired power plant. The 
proj ect was desi gned t o examine the potential for uti lization of this source of 
wast ed heat for growing f i sh at an opt imum temperature throughout t he year . 

Please f i l l out the following questionnaire and return it to t he above address or 
call 373-1702 and it wi l l be picked up. 

Questionnaire 

1.� What was the initial pr ice at which the <[9 
catfish were sold? Initial price J - . jWJLS 

#. J- -~ 2.� How many were sold at the init i al price Number sold S .e ~-<.. cJ d S j()I~ t:"­
over what peri od of time? days 2 J) ,4 y5 

3.� Did you reduce t he price fro m t he init ial? Yes No e->: 
If yes, what was t he reduced price? Reduced price

4.� How many f ish were sold at the reduced Number sold 
price over what period of time? Days ------_ 

5.� Did you di spose of any unso ld fish? 
If yes, how many? Number disposed of 

6.� Would you like to have more catf ish 
fro mthe project? Yes No 

7.� Do you think t her e i s good potential 
for market i ng catfish in t he Twin Cit i es? Yes ~ No " 13"'1 tve« Y 

8.� Any comments f rom yourself or your D'~I;:'C <Al­
customers that you wis h to offer? 

{,OG />rlc~ 

to PI'-I 
LI t . Name of Par t icipant (Company) !l!ctf £,y ~ Frs II llu·(,/.5 ~ 

Thank you . .ribTLb l-1 /11/lJ _<:l Vt. /" 





Th e University of Minn esota . incluuing the Agricul tura l Exper im ent Stat ion. is com mitt ed to t he po licy tha t a ll person s shall have equal access 
to Its p rograms. faci lit ies. an d em ploy me nt wit hout regard to race. creed. colo r. sex . na t ion al or igin. handicap , age, o r veteran status . 


