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Contamination of commercial catf ish producing ponds by pesticides 
may have substantial impact on production and consumer health. 
The contamination may be due to the past use of the land, to 
water run-of f  of adjacent farmland, or from accidental d i rect  
contamination of these ponds by aerial  appl icat ion. Data shows 
that pesticides af fect  growth rates, feeding, reproduction, 
and hatching ac t i v i t i es  of f ish (Murty 1943a). Toxicological 
test ing of agrichemicals could prove beneficial to both the 
cat f ish farmer and the consumer. A major problem with f ish 
t ox i c i t y  test ing has been maintaining an adequate supply of 
healthy, acclimated f ish in the laboratory sett ing from which 
test  populations can be obtained. The build-up of metabolic 
waste (ammonia) in holding tank environments leads to a stressful  
s i tuat ion for  the f i sh ,  resul t ing in mor ta l i ty  or erroneous 
t ox i c i t y  data (Murty 1943b; Tucker 1985). 

Ammonia is the principal nitrogenous waste product of cat f ish 
and is excreted pr imar i ly  as the toxic unionized ammonia from 
the g i l l s  (Plumb 1979). Unionized ammonia may be lost  to the 
environment by vo la t i l i za t i on ,  or ammonia-nitrogen may be 
n i t r i f i e d  to non-toxic n i t ra te  by aerobic bacteria with the 
toxic intermediate in the reaction being n i t r i t e .  The purpose 
of th is  study was to develop a novel biological f i l t e r  system 
which f ac i l i t a tes  the n i t r i f i c a t i o n  process, thereby removing 
or contro l l ing the build-up of toxic metabolic waste products 
in holding tanks in the laboratory. This system would provide 
a healthy, non-stressful environment for  blue channel cat f ish 
(Io~t~u~u~ PunoJto~tu~) f inger l ings pr ior  to the i r  use in LC50 de- 
terminations of various insect ic ides,  herbicides, and fungi-  
cides current ly  employed in the v i c i n i t y  of cat f ish ponds or 
farms. 

NATERIALS AND NETffODS 

The aquaculture system (see Figure I)  was composed of one 500-L 
glass holding tank (35.6x40.6x61 cm) and one I I4-L p last ic  f i l t e r  
tank (71.1x50.8x35.6 cm). Dechlorinated water, obtained by 

Send repr int  requests to Dr. Anthony d. Verlangieri at above 
address. 

185 



R 

i 

I 

1 

I 

I 
t 

I 

wo~o~ot o~) 

Figure 1 Schematic of Recycling Pur i f icat ion System 

f i l t e r i n g  tapwater through a bacter iostat ic water treatment 
uni t  (National Safety Associates Inc.,  Memphis, Tennessee) was 
used at al l  times. The ph was 7.5 and hardness ~5.5-mg/CaCO 3. 

The water was pumped from the bottom of the holding tank by 
a I /2  hp pump (L i t t l e  Giant, TE-3-MD-HC) at a rate of 18.9 
l i t e r s  per minute to the bottom of the f i l t e r  tank through 1.3-cm 
PVC piping. The water then rose through O.08-m 3 of p last ic  
matrix (Biodek | Munters Corp., Fort Myers, Florida) contained 
in the plast ic f i l t e r  tank. This matrix provided the desired 
surface area for the growth of a number of bacterial species 
u t i l i zed to convert the ammonia and n i t r i t e  produced in the 
holding tank to the non-toxic n i t ra te .  After the water had 
risen through the f i l t e r  matrix, i t  then passed through a 5.l-cm 
PVC pipe down into the holding tank. 

A commercial n i t r i f i c a t i o n  bacterial suspension (Aqua-Bacta-Aid | 
Water Quality Science Inc.,  Bol ivar, Missouri) was placed in 
the system on the inf low side of the f i l t e r  at the concentrations 
of lO-mg/L i n i t i a l l y  and 3-mg/L on a dai ly  basis thereafter.  
The suspension consisted of two major groups of bacteria: 
obligate aerobes and facul tat ive aerobes. The obligate aerobes 
were composed of the following bacterial species: BaeiZlu~ 
s u b t i ~ ,  Nitrosomonas Sp., Ni t roba~er  winogradsky, Pseudomonas 
deni~ri f icans,  Pseudoomona~ s t u t z e r i ,  and Rhodopseudomona~ 
p a l u s ~ .  Within t h i s  group,  the Nitrosomona~ sp. were respon-  
s i b l e  for the. oxidation-nitrogen to n i t ra te-n i t rogen,  and the 
Pseudomon~ sp. in combintion with the BaexLZl~ sub~%L~Ls de- 
graded solid organic waste. The remaining species of th is  group 
produced nutr ients which were u t i l i zed by the other bacteria 
above. 

Ammonia and n i t r i t e  concentrations as well as pH were measured 
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da i l y  using Hack Chemical (Loveland, Colorado) co lor imetr ic  
methods. These tes ts  u t i l i z e d  the drop-count method of t i t r a t i o n  
with a reported accuracy of • 5%. I n i t i a l  water hardness was 
also measured at 85.5mg/L CaC03. Water loss due to evaporation 
was replaced on a weekly basis and no chemical buffer solut ions 
were used. 

Blue channel ca t f ish  (Io_~U~LU~ puno~cuS) f i nger l ings  (2-7cm 
in length and supplied by the U.S. Wi ld l i f e  and Fish Hatchery, 
Tupelo, Miss iss ipp i )  were put in to the aquaculture system at 
a loading of 6gm/L or a to ta l  of  approximately 360 ca t f i sh  
f i nge r l i ngs .  The f inger l ings  were fed t rou t  feed every 3 days 
but were fasted 24-h p r io r  to t o x i c i t y  tes t ing .  The room was 
on a 16:8-h l i gh t :da rk  i l luminat ion  cycle and the temperature 
was maintained at approximately 21C ~ . 

Prel iminary studies were performed u t i l i z i n g  DDT and alachlor 
(Lasso | , Monsanto Co., St. Louis, Missour i ) .  Although these 
tes ts  were pre l iminary in nature, i t  was thought that  the data 
obtained would provide a measure for  evaluat ing the health of 
the holding tank populat ion. Two consecutive 96-h DDT LC50 
determinations were conducted with f i ve  concentrations of DDT: 
0.01, 0.02, 0.04, 0.08, and O.16-mg/L. A vehicle cont ro l ,  reagent 
grade acetone (O.Ol6-ml/L), and a water control were also 
included. Ten f i sh  were used per concentration with f i ve  f i sh  
placed in each tes t  tank (34.1-L). A to ta l  of 14 tes t  tanks 
were used. Preparation of tes t  tanks followed the Environmental 
Protect ion Agency s t a t i c  aquatic tes t ing  protocol (Environmental 
Protect ion Agency 1975). Alachlor tes t ing  was conducted in 
the same manner as DDT, but due to a l imi ted test  populat ion, 
only one 96-h LC50 was performed for  a lachlor .  

RESULTS AND DISCUSSION 

Dai ly  pH, n i t r i t e  and ammonia concentrations were monitored 
over a 25-day period (See Figure 2). N i t r i t e  concentration 
f e l l  from an i n i t i a l  1.65-mg/L to O.2-mg/L or less over the 
25-day period. Ammonia levels never exceeded O.65-mg/L with 
a mean concentration of O.32-mg/L for  the 25-day period. Downward 
sh i f t s  in pH were preceded by r i s ing  ammonia levels.  I t  should 
be noted that f luc tuat ions in pH, ammonia, and n i t r i t e  levels 
were preceded by a reduction in the holding tank population 
on days f i sh  were removed for  t o x i c i t y  tes t ing .  Holding tank 
mor ta l i t y  for  the 25 day period was 0%. 

The system provided a stable,  non-stressful  environment to 
maintain f i sh  p r io r  to l e t h a l i t y  tes t ing .  Evidence of th i s  
was ref lected by 0% mor ta l i t y ,  stable low ammonia and n i t r i t e  
leve ls ,  and reproducible DDT 96-h LC50's. There was no evidence 
of n i t r i t e ,  induced methemoglobin caused by high levels of n i t r i t e  
which gives a charac te r i s t i c  brown color to the f i sh  (Huey 1980) 
and no bacter ial  or fungal in fec t ions ,  often present in stressed 
populations (Plumb 1979). 
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Tank n i t r i t e  and ammonia concentrat ion and ph vs 
time. 

The 96-h LC50 with the 95% confidence l im i t s  fo r  the two DDT 
and one a lach lor  tes ts  are seen in table 1 below. 

Table I .  F inger l ing ca t f i sh  96-h LC50 of DDT 1 and a lach lor  2 

Test LC5omg/L3 95% Confidence 
DDT Interval  (mg/L) 

1 0.09 0.06 to 0.16 
2 0.08 0.04 to 0.15 

ALACHLOR 
1 1.76 1.63 to 1.92 

IDDT concentrat ion range (5 leve ls ,  0.01 to O.16-mg/L) 

2Alachlor (Lasso | , pre-emergent, herb ic ide,  Monsanto, Co., St. 
Louis, Missouri)  concentrat ion range (5 leve ls ,  1.25 to 2.05-mg/L) 

3LC50 Analysis (Finney 1971) 
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In addit ion to providing a stable environment, the rec i rcu la t ing 
system used required minimal man-hours to maintain and was 
re la t i ve ly  inexpensive to construct. In comparison with the 
flow-through systems which require an uninterrupted supply of 
dechlorinated water, or da i ly  removal and replacement of the 
water, th is  system is much less labor intensive. Flow-through 
systems often require sett ings that are physical ly and/or 
econmically prohib i t ive.  The system described is compatible 
with most laboratory set t ings.  

In summary, the aquaculture system described here provided an 
economical method for  maintaining an aquatic test  population 
in a stable, non-stressed environment. A healthy, acclimated 
test  population is v i ta l  for  reproducible and accurate resul ts 
in aquatic t ox i c i t y  test ing (Murty 1943a). Since sublethal 
levels of ammonia are known to af fect  the growth rates of cat f ish 
(Murty 1943b), fur ther  modifications of the biological f i l t e r  
system may suggest i t s  use on a larger scale, such as in the 
commercial production of cat f ish.  This system may produce 
increased yields and decreased morta l i ty  of catf ish raised for  
commercial purposes. F inal ly ,  the aquaculture system detai led 
here may be used for  the maintainence of other aquatic species 
and should prove to be an asset in the growing f ie ld  of aquatic 
t ox i c i t y  research. 
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