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Natural water supplies rarely meet all of the requirements for artificial propagation of flsh (Burrows and 
Combs, 1968). Inadequate amounts of water, water temperatures too extreme for good flsh growth and 
food conversion, and expensive pumping demands often limit flsh production. To circumvent these 
problems, fish culturists have increasingly turned to recirculating systems in which the culture water is used 
many times before it is discharged (Broussard and Simco, 1978; Liao and Mayo, 1972; Meade, 1974; 
Pettigrew, et al., 1978; Lai and Klontz, 1980). 

Where water reuse is employed, treatments must be devised to remove fish metabolic wastes (primarily · 
ammonia) and to restore oxygen depleted by the flsh. Ammonia in its un-ionized form is extremely toxic 
to fish. Biological filters using aerobic bacteria have been developed to convert ammonia to nitrites and 
then to nitrates that are managed at levels that unharmful to flsh. Waterreuse with biological filtration 
offers fish culturists a high degree of control over their water supply. 

The purpose of this study was to test the operating characteristics of a biological filter designed to 
recirculate flsh culture effluent along a spiral track within a rotating drum. Speciflc objectives included 
producing a mechanically simple and space-efficient design, quantifying system operating characteristics in 
units of fish production and ammonia removal, and estimating bioflltration efficiency in energy units. 
Some initial testing of a similar sized prototype of the spiral-track design was conducted in 1978 by the 
Ontario Ministry of Natural Resources flsheries research station in Tehkummah, Ontario. 

Principles of Biofiltration 

Biological filtration is deflned as the mineralization of organic nitrogenous compounds followed by 
biological oxidation of ammonia to nitrate (Spotte, 1970). In an aquaculture environment, ammonification 
of nitrogenous feed constituents occurs internally through metabolism by the cultured organisms and 
externally by bacteria processing feces and uneaten food. The primary nitrogenous metabolic wastes are 
uric acid, urea, and ammonia; the latter being the most important excretory products of aquatic organisms. 

The second stage of biological filtration is nitriflcation, the biological oxidation of ammonia to nitrite 
and subsequent oxidation of nitrite to nitrate. These reactions are accomplished by autotrophic bacteria 
(principally the genera Nitrosomonas and Nitrobacter ) in an aerobic environment according to the 
following equations (Wheaton, 1977): 

Nitrosomonas sp. 

NH4 +. + 1.5 02 

Nitrobacter sp. 
No2- + o.s ~ _____ ____,~ No3-

The stoichiometric oxygen requirements for these reactions are approximately 3.4 kg of oxygen per kg of 
ammonia-nitrogen, and 1.1 kg of oxygen per kg of nitrite-nitrogen (Stankewich, 1972). Thus, a biological 
ftlter must satisfy a substantial biological oxygen demand for nitrification to proceed 

The flnal stage of biological filtration, the denitrification of nitrates to free nitrogen, is of no immediate 
concern to aquaculturists since nitrates are tolerated in substantial concentrations by most fish and 
invertebrates (Liao and Mayo, 1974). Even in very intensive culture systems a crop of flsh can be produced 
before nitrates become limiting (Spotte, 1970; Broussard and Simco, 1978). 

Design Constraints 

In order to create a ftlter with maximum utility, several design constraints must be considered: 
1. The ftlter should be simple to construct and be made from materials that are readily available 

worldwide. 
2. The new design should be at least as efficient in processing ammonia as existing designs. A variety of 

nitrifying ftlter designs (Parker and Broussard, 1978) and ftlter media (Muir, 1982) have been used that 
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achieved ammonia removal rates from 14 to 2178 gtm3/day (Muir, 1982). Some have experienced erratic 
performance (Lai and Klontz, 1980). 

3. The biofilter should be space efficient 
4. Finally, the filter should be easily maintained and inexpensive to operate. Back-washing, as used in 

fixed bed filters, often requires expensive duplicate filter systems to support the fish stock. Head loss can 
also be an expensive disadvantage in some designs. 

Description of the Spiral-track Filter System 

The spiral-track filter is a rotating drum, 102 em in diameter and 46 em wide, partially immersed in 
water (Figure 1). Sides of the drum are plywood with an interior consisting of a 30 meter coil of aluminum 
flashing that spirals inward to a perforated axle (5 em iron pipe). Water and air picked up by the outer edge 
of the spiral are pumped to the axle by the turning drum. The aluminum flashing is held in place by spiral 
grooves in the plywood and silicone sealant, which also prevents water leakage between shells of the spiral. 
Additional substrate for colonizing nitrifying bacteria is provided by attaching plastic webbing (Vexar TM 
Dupont, Inc.) to the surface of the flashing. The ftlter encloses a volume of 0.33 m3; the external surface 
area is about 3.08 m2. Ports for sampling water within the filter are located at 6.1, 12.2, 18.3, and 24.4 
meters along the spiral track. Power for turning the spiral filter is provided by a 0.25 horsepower electric 
motor coupled to a reduction gear and chain drive. (Appendices A and B contain a list of components and 
construction details for the filter.) 

The recirculating water system consists of two rectangular fiberglass tanks (52 X 57 X 206 em each) 
placed side by side. Fish are placed in one tank and the spiral filter suspended in the other. Effluent from 
the filter pours out of the filter's axle into the ftsh tank, returning by gravity flow to the filter tank through 
an interconnecting pipe. The maximum volume of water in the system is 9451iters; up to 500 liters of 
fish culture volume. 

A bed of crushed oyster shells (43 X 40 X 57 em) is installed in the filter tank as a source of calcium 
carbonate for enhancing buffering capacity of the water. Solids are trapped as they enter the filter tank by a 
fine-mesh screen. Other homemade (Van Gorder et al., 1983) or industrial (Wheaton, 1977) traps for solids 
might be substituted for the screen we used. 
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Figure 4. Residence time for water in the spiral filter at discharges of 9.4 and 
13.0 liters/min. Residence time was measured in minutes from 
addition of green dye in the influent to its detection by colorimetry 
in the effluent. 

Alkalinity and pH 

Alkalinity and pH were affected by nitrification in the filter. Hydrogen ions released in the nitrification 
process reduce buffering capacity of the carbonate system and eventually lower pH (Wheaton, 1977; Spotte, 
1970). Alkalinity in the spiral filter was reduced quickly at high rates of nitrification. For example, 
methyl orange alkalinity dropped from 156 to 8 mg CaC03/liter in 6 days (Appendix C). Low alkalinity 

allowed the pH to drop as low as 6. 7. 
In our study, nitrification seemed to be severely inhibited below about pH 7. The spiral filter processed 

ammonia from pH 7.4-8.7 but did not appear to do so at pH 5.7-7 .2. Lai and Klontz (1980) claimed that 
the lower limits for active nitrification in a biofilter at the Dworshak National Fish Hatchery were pH 6.8 
and 6 mg CaC03/liter. Muir (1982) concluded that a pH range of 8.0-8.5 was optimum for bacterial 

nitrification. 
The fish growth trial placed fewer demands on alkalinity. Alkalinity during the fish growth experiment 

was initially 202 mg CaC03/liter but dropped slowly to 117 during a period of minimal addition of new 

water to the system. The lowest pH recorded was 7.6. 

Ammonia Removal 

The spiral filter was capable of oxidizing up to 60-70 mg NH4CVliter/day administered in a single spike 

or continuously. Ammonia levels in the recirculating water were high 1-2 hours after spiking the filter 
with ammonium chloride, but were negligible after 1 day (Appendix C). Ammonia levels in the control 
tank remained high after addition of ammonium chloride. Measurement of ammonia was discontinued in 
the control and during the period 1-2 hours after the spike because ammonia levels far exceeded the 
sensitivity of the phenate determination. 

The major factor limiting nitrification by the filter appeared to be buffering capacity (alkalinity) of the 
water. Because of the resultant alkalinity depletion, the filter was unable to successfully remove ammonia 
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for a full day at loading rates greater than 60-70 mg NH4Cl!liter/day. Replacement of more water or 
addition of another compound as a supplement for buffering capacity may be necessary for determining 
nitrification of greater levels of ammonia input Given adequate buffering capacity, the filter oxidized 
between 60 and 77% of the total ammonia present in influent water (Appendix D). 

The highest concentration of total ammonia found during the continuous addition of ammonium 
chloride was .579 mg/liter (Appendix D). Liao and Mayo (1972) considered up to .4 mg!liter to be 
optimum and 1 mg/liter to be acceptable total ammonia levels. The highest level of un-ionized ammonia 
calculated was .018 mg/liter (Appendix D). These concentrations are within limits acceptable for trout 
production. Thurston et al. (1984) observed lesions and Costia infections on fish at un-ionized ammonia 
concentrations greater than .02 mg!liter. Smith (1972) found retarded growth of rainbow trout exposed to 
over .017 mg/liter un-ionized ammonia. 

The filter maintained low ammonia levels when fish were present. The highest concentration of total 
ammonia was .237 mg/liter and the highest level of un-ionized ammonia was calculated to be .007 mg/liter 
at a fish density of 38 kg/m3 of water in the system at a flow rate of 12.3 liters/min. Concentration of 
total ammonia increased with increasing density of fish (Figure 5). 

0.24 • • 0.22 •• • 0.2 • i • 
Total 0.18 

Ammonia 0.16 • 
(mg/liter) 0.14 • 

0.12 • 0.1 

0.08 • 
8 10 12 14 16 18 20 22 24 26 28 30 

Fish Weight (kg) 

Figure 5. Levels of total ammonia for various total weights of rainbow 
trout stocked in the recirculating water system. Flow rate was 
12.3 liters/min. 

Ammonia appeared to be removed linearly with distance along the spiral track of the filter. An average 
of 43%, 69%, and 78% of total ammonia was removed from water samples by the time the water was 40%, 
60%, and 80% of the way through the spiral filter (Table 1). These distances correspond to 12.2, 18.3, and 
24.4 m along the spiral track. Physical constraints prevented sampling water at 6.1 m. These results 
imply that a longer spiral-track may remove more ammonia. 
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Table 1. Removal of total ammonia with distance along the spiral track of the ftlter. Physical constraints 
prevented sampling water at 6.1 m. 

Ammonium chloride Total ammonia (mglliter) Percent of total ammonia removed 
loading rate 
(mg!liter/ day) Influent Effluent 6.1m 12.2m 18.3m 24.4m 

10 .146 .049 39% 74% 77% 
20 .156 .038 49% 64% 77% 
30 .277 .099 37% 65% 80% 
40 .262 .083 47% 74% 77% 

Mean 43% 69% 78% 

Nitrification also occurred in the bed of crushed oyster shells. Sampling of water from each side of the 
oyster shell bed during the fish growth study (day 69) showed a 15% decrease in total ammonia (.109 to 
.093 mg/liter) across the oyster shell bed. 

Faster rotation rates of the ftlter lowered total ammonia concentrations in the recirculating water. Total 
ammonia levels at rotation rates of 1.65, 2.12, and 3.29 rpm were .226, .193, and .154 mglliter at a 
loading rate of 30 mg NH4Cl!liter/day. 

Concentrations of total ammonia and un-ionized ammonia were low during the fish growth trial. Total 
ammonia was initially .305 mglliter (Figure 6) until bacteria had colonized in the filter for a few days. 
Thereafter, the highest total ammonia concentration observed was .109 mg/liter and the highest un-ionized 
ammonia concentration, .003 mg/liter. 
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Figure 6. Mean weight of rainbow trout, and dissolved oxygen and total ammonia concentrations 
in the recirculating water during a 90-day growth period. 
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Total amm6nia levels in the recirculated water when rainbow trout were present were highest in the 
afternoon and early evening. During daylight hours the highest total ammonia concentrations were observed 
between 1300 and 1900 hours and the lowest were observed when lights ftrst carne on in the morning 
(Figure 7). The ftrst measurements in Figure 7 may be artiftcially low as the ftsh had not been fed for one 
full day. The ftsh received 30 g of dry pellets at 7:45, 11:15, and 15:05 during the day we observed 
ammonia levels. 

Total 
Ammonia 
(mg/liter) 

0.14 

0.13 

0.12 

0.11 

0.1 

0.09 

IV\._ I ---------. 
o.oa*l 
0.07-
0.06 +----,---T"""----r----,.-----. 

7:00 12:00 17:00 22:00 3:00 8:00 
Time {hours) 

Figure 7. Total ammonia levels in the recirculating water during a 25-hour 
period. Water temperature was 17 .5°C; 8.9 kg of rainbow trout 
were present. 

Oxygenation 

Dissolved oxygen was a major factor limiting fish carrying capacity of the recirculating water system. 
Dissolved oxygen concentration decreased to less than 5 mg/liter with increasing weight of ftsh (Figure 8). 
Low dissolved oxygen caused mortalities which terminated the ftsh loading trial after 28 days. 
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Figure 8. Relationship between dissolved oxygen concentration (D.O.) 
and total weight of rainbow trout in the recirculating water 
system. 
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Fish respiration, accumulated organic waste, and the nitrifying process all place demands on dissolved 
oxygen in recirculating water systems. The oxygen requirement for nitrification has been calculated to be 
4.57 kg oxygen per 1 kg NH3-N oxidized to N03-N (Wheaton, 1977). Fish use oxygen in proportion to 
the water temperature and in inverse proportion to fish size (Liao, 1971). An average of .25 kg oxygen is 
used to metabolize one kg of feed (Willoughby et al., 1972). Bacterial breakdown of carbonaceous waste 
also causes oxygen demand (Muir, 1982). 

Tumbling water and air together within the filter recharged the water with dissolved oxygen. 
Measurements of D.O. in the influent and effluent from the filter 55 days into the fish growth trial indicated 
that D.O. was enhanced 2.5 mg/liter by the filter. Influent D.O. was 4.9 mg/liter (54% saturation) and 
effluent D.O. was 7.4 mg/liter (81% saturation). Dissolved oxygen in the fish tank during the fish growth 
trial ranged from 5.5-8.2 mg/liter or 59-82% saturation. Without fish in the system, the filter maintained 
D.O.levels of 8.5-9.5 mg/liter or 88-96% saturation. Additional aeration or oxygenation will be required 
to sustain more rainbow trout than were present during the fish growth trial. 

Rotation rate of the filter also affected oxygenation. The filter was most efficient, as measured by 
magnitude of change in oxygen concentration, at the slowest rotation rate. This is probably due to 
increased mixing (as indicated in Figure 4) and greater contact time. Figure 9 shows the change in oxygen 
concentration between influent and effluent water samples from the filter at different filter rotation rates. 

2.8 
2.6 • 
2.4 • 
2.2 • 

D.O. Change 2 
(mglliter) 1.8 • 

1.6 • 
1.4 • • 
1.2 

1 • 
1.6 1.8 2 2.2 2.4 2.6 2.8 3 3.2 3.4 

Rotation Rate (rpm) 

Figure 9. Relationship between filter rotation rate and change in dissolved 
oxygen concentration (D.O.) between effluent and influent water 
of the filter. Rainbow trout weighing a total of 8.4 kg were 
present. 

Although the slowest rotation rate of the filter was most efficient, high discharge was more important 
for enhancing the amount of dissolved oxygen available to fish. Greater discharge from the filter at the 
fastest rotation rate resulted in the highest overall level of oxygen in the fish tank. Dissolved oxygen 
concentration and oxygen saturation in the fish tank both appeared to increase linearly with rotation rate 
(Figure 10). 
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Figure 10. Relationship between filter rotation rate and concentration of 
dissolved oxygen (D.O.) with 8.4 kg of rainbow trout present. 

Other Water Quality Characteristics 

Conductivity increased with accumulation of waste ions in the recirculating water. Conductivity 
increased from 415 micromhos/cm at the beginning of the fish growth trial to a high of 805 micromhos/cm 
after four weeks of minimal addition of fresh water (Appendix E). 

Temperature of the recirculating water warmed up to room temperature, then varied according to the 
amount of fresh cold water added to the system and changes in room temperature (Appendix E). Initial 

temperature of the well water used in the system was 1 0°C. Mean water temperature during the fish growth 

trial was 17oc. 
Nitrate + nitrite accumulated as a product of nitrification. Although nitrate can be difficult to measure 

(APHA, 1975) and the technique used was a simplified method (Lind, 1979), an accumulation of nitrate in 
the system was apparent For example, nitrate + nitrite concentration rose from 2 to 25 mg/liter when the 
filter was being spiked with ammonium chloride. Nitrate+ nitrite ranged from less than 1 to 9.7 mg!liter 
during the fish growth trial. Examination of the color of nitrite samples after addition of Hach NitriVer 
(TM) chemicals indicated that nitrite concentrations were high initially (1-2 hours after spiking) and absent 
or nearly absent after one day. 

Fish Growth 

Fish grew well in the recirculating water. The rainbow trout grew an average of 77 mm (Appendix E), 
corresponding to an overall increase in mean individual weight of 229.3 g (Figure 6). Mean initial and final 
weights were 141.6 g and 370.9 g, respectively. Specific growth rate for the 90-day period was 1.079 
%/day. The total weight increase for all fish combined was 5.36 kg. Food conversion efficiency, in wet 
weight of fish produced per dry weight of food fed, was 60%. 

Economics 

The filter system was capable of holding fish at high densities. Up to 70 rainbow trout weighing a 
total of 28 kg were maintained for a short period of time with supplemental aeration (Figure 8). The 

corresponding density in the fish tank was 80 kgtm3 (.35 m3 were in the fish tank) with a flow rate of 12.3 
liters/min. Westers and Pratt (1977) recommended a method for calculating carrying capacity for 
conventional salmonid production. Using their method, carrying capacity of the spiral filter system at 
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17oc for fish of inean length 311 mm was estimated to be 50 kg/m3. At carrying capacity, cost to operate 
the filter was about 1.5 cents/kg/day. 

Energy use was greatest at the fastest rotation rate. Operation of the fllter required 4.6 kwhrs/day at 1.8 
rpm. For 3.3 rpm, the filter used 5.2 kwhrs/day. A total of 6,785liters of water were filtered per kwhr at 
the fastest rotation rate. The maximum amount of ammonia removed per kilowatt-hour was calculated to 
be 1.5 g at 1.8 rpm. 

Cost per kg of fish produced was high during the fish growth trial. Over 408 kwhrs of electrical power 
were used costing a total of $21.31. The electrical cost per kg offish was $3.98 ($1.80/lb). The rainbow 
trout were fed about 9 kg of commercial fish food costing $7.38 ($.37 /lb ). The resultant feed cost per kg of 
fish produced was $1.38/kg ($.62/lb ). Therefore, total cost of energy and feed per kg of fish produced was 
$5.36/kg ($2.42/lb). Since only 24 fish (fmal total weight of 8.9 kg) were stocked in the system, more 
cost-efficient production would be achieved with more fish. However, additional cost would be incurred 
from supplemental aeration needed to support more fish. 

CONCLUSIONS 

The spiral-track ftlter had a low rate of ammonia removal as compared with other recirculating water 
systems. Removal rates range from 14 to 2178 gtm3/day (Muir, 1982). Ammonia removal was 15.7 
g/m3/day, but was limited by buffering capacity of the water. This apparent deficiency in comparison with 
large-scale recirculating systems may not be important since other considerations such as space and 
economy are more important for small-scale fish culture. Increasing the ammonia load and enhancing the 
system's buffering capacity would undoubtedly increase ammonia removal by the filter. 

There are several similarities between this ftlter and revolving plate biofilters. Both consist of a 
rotating bacterial surface that is alternately exposed to air and water. The ratio of size of the recirculating 
system to size of the fish stock for the spiral-track filter was similar to revolving plate filters summarized 
by Muir (1982). It's estimated that the spiral-track fllter could sustain a size/stock ratio of 20 liters per kg 
of fish. Muir cited 15.3 and 69 liters/kg for two revolving plate filters. Size/stocking ratio of other types 
of recirculation systems have ranged from 7 to 6,655 liters/kg. Van Gorder and Fritch (1980) concluded that 
a rotating plate bioftlter was capable of sustaining greater standing crops of fish in small-scale fish culture 
than a fixed bed fllter of gravel or plastic. 

Advantages of the spiral-track fllter design include: 1) mechanical simplicity; 2) simultaneous aeration 
and ammonia removal; 3) continuous operation without the need for backflushing; and 4) elimination of the 
need for an auxilliary ftlter during maintenance of the primary filter. Conventional trickling or submerged 
gravel ftlters (Muir, 1982) require duplicate filter systems for use during periodic backwashing of the 
primary ftlter. Revolving plate biofilters (Lewis and Buynak, 1976) require a motor to operate the ftlter and 
pumps to lift water or provide supplemental aeration. 

The spiral-track filter represents an energy efficient mechanical simplification of the revolving plate 
biofilter. The revolving plate system used by Lewis and Buynak (1976) used a centrifugal pump to lift 
water, mechanical agitators for aeration, and a gear motor to turn the biofilter plates. The spiral-track 
prototype used a single electric motor. Furthermore, a smaller and more energy efficient electric motor 
could be used than the .25 HP motor used in this experiment. Unfortunately, energy costs for operating 
other fllters have not been published. 

The spiral-track design may be useful in small-scale fish culture operations where simplicity, low initial 
cost, low operating cost, and inadequate space and water supplies are important considerations. The spiral 
design may also be useful in northerly climates where heated space during the winter is limited. 
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List of components for Hu;; filter. 

Aluminr.ilm 

black iron 

Floor 

Roller chain 

V-belt 

V-belt 

Reduc~on gearbox 

Steel rods 

Stand for filter 

rivets 

13 

1 - 3i4 in X 4 X 8 ft 
1 - li4 in x 4 n x ll n 

HlO ft X 16 in vifide 

100 ft X 16 :ln wide 

4- 2 in 

VB in mesh 

3/!l in X about 9 fi; 

2 - 5 1!2 in diameter 

1/2 in diameter X about 40 in 

2 - choice of size influences rotation rate 
of we U3ed 2 li2 - 5 in 
diameter 

900:1 reduction 

ll - 5!16 in diameter X 18 iin 
lthreaded on both ends 

constru.cted from 
12ft 

-2inX12inX 



AppendixB 

Filter Construction 

Plywood Sides of the Filter 

Cut three 40 inch diameter circles, two from 3/4 inch and one from 1/4 inch plywood. 

Sandwich the 1/4 inch piece on a 3/4 inch piece and tack them together. 

Use a router to cut a spiral groove from the center of the sandwich to its outer edge. Groove 
should be cut through the 1/4 inch plywood and into the 3/4 inch plywood to a depth of 1/8 to 1/4 inch (see 
Routing Procedure). 

The 1/8 in circle can then be used as a mirror image of the spiral cut in the 3/4 in piece by 
removing it and tacking it upside down to the unrouted 3/4 inch plywood circle. 

Routing Procedure 

A wire wrapped around a spindle in the center of the plywood sandwich and attached to the router 
can be used to direct the cut of the spiral. 

Starting from the center, the router is pushed around the spindle such that the wire unqraps and 
allows the router to spiral outward. 

A jig such as that below can be used for routing the spiral. 
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Router 

I 
I 
I 

a 

AppendixB 

Spindle and Control Wire 

I 
I 
I 
I 

Guide Bar 

• Weight 

Weights and a guide bar are used to control the router. The router is pulled outward along the 
guide bar as the control wire is unwrapped from the spindle. 

A 100 foot long spiral can be obtained by using a 114 inch diameter spindle. 

Axle Assembly 

Attach inside floor flanges to the axle. Drillholes in the axle between the flanges to allow filtered 
water to pass into the axle. 

Cut a 2 1/2 inch hole in the center of each side of the filter. Slide each side of the f:tlter on to each 
end of th axle and attach with outside floor flanges. Spirals must face each other and be aligned so that they 
are mirror images of each other. 

Weld a sprocket to one end of the axle. The end of the axle with the sprocket must be water-tight. 
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AppendixB 

Su;wort Stand Assembly 

The filter is supported on each end of the axle by wooden supports. 

The resting point for the axle could be outfitted with roller bearings or lined with a copper shim 
and greased. 

Installing Flashing and Vexar 

Flashing must be flexed into the spiral grooves beginning at the axle. Rivet the flashing to the 
axle. 

The vexar netting is fed into the sprial along with the flashing. Rivet the netting to the flashing 
about every lOn feet. 

Apply caulk to the outer edges of the flashing as you progress in order to seal each shell of the 
spiral. 

When about half the diameter of the filter is reached, install four of the 5/16 inch rods between the 
plywood sides. One rod in each quarter of the filter should provide good support for the sides of the filter. 

Four more rods are installed along the outer edge of the spiral. The end of the spiral of flashing 
can be riveted to one of these rods. 
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AppendixB 

Chain Sprocket 

Electric Motor 

Reduction Gearbox 

Chairt-gear-motor Assembly 

Bolt reduction gear box to the filter's stand and connect it by roller chain to the sprocket on the 
filter's axle. 

Bolt electric motor to the stand and connect it by v-belt and pulleys to the reduction gear box. 

The arrangement of the motor and gearbox should be adaptable so the chain and v-belt tension can 
be adjusted and different pulley sizes can be used to change the filter's rotation speed. 
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Appendix C 

Total ammonia, pH, and temperature in the recirculating water when the filter was spiked with increasing 
amounts of ammonium chloride. 

Total ammonia (mg/1) 

NH4Cl --------------------------------
spike Before 1-2 hrs 1 day Temp 

(mg/1) spiking later later pH ( OC) 

1 Filter <.020 .233 <.02 8.6 16.5 
2 Filter <.020 .503 .034 8.6 20.0 
1 Filter <.020 .222 .025 8.7 18.0 

Control .203 .476 .430 8.1 14.5 
2 Filter <.020 .418 <.020 8.7 15.5 

Control .155 .768 .501 8.2 14.5 
6 Filter 1.495 <.020 8.1 15.5 

Control 1.874 1.747 8.3 15.3 
10 Filter <.020 <.020 7.9 17.2 

Control .216 2.420 8.0 15.8 
Drained and refilled tanks with fresh well water . 

4 Filter . 085 <.020 8.7 15.0 
Control .182 1.067 8.4 15.0 

6 Filter <.020 .026 8.7 15.7 
Control .223 1.184 8.3 13.0 

8 Filter <.020 <.020 8.6 16.4 
Control .159 .916 8.6 15.2 

10 Filter <.020 <.020 8.4 16.2 
Control .230 3.172 8.5 13.8 

Drained and refilled tanks with fresh well water. 

Total ammonia (mg/1) 

NH4Cl -------------------- M.o.• 
spike Before 1 day Temp alkalinity 

(mg/1) spiking later pH (OC) (mg/1 CaC03) 

12 Filter .176 <.020 7.9 13.0 72 
Control .049 2.206 8.1 13.2 219 

14 Filter <.020 .040 8.1 13.3 57 
Drained and refilled tanks with fresh well water. 
16 Filter <.020 <.020 8.4 14.0 156 
18 Filter <.020 <.020 8.3 15.3 

.20 Filter <.020 <.020 8.2 15.2 71 
30 Filter <.020 .063 8.1 15.3 
Drained and refilled tanks with fresh well water. 
40 Filter <.020 <.020 8.4 14.0 135 
50 Filter <.020 <.020 8.1 15.0 25 
Drained and refilled tanks with fresh well water. 
60 Filter .143 .174 7.9 10.0 127 

• Additional information about methyl orange alkalinity was collected during this phase of the testing. 
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Appendix D 

Ammonia levels in the spiral filter influent and effluent during the continuous addition of 
various ammonium chloride concentrations. 

-----------------------------------------------
NH4Cl Total NH3 (mg/1) Un-ionized Percent of total 

addition -------------------- influent NH3 removed 
(mg/l!day) Influent Effluent NH3 (mg!l) within filter 

10 .164 .051 .003 69% 
.177 .063 64% 

20 .167 .066 60% 
.119 .038 68% 

30 .289 .094 .008 67% 
.277 .099 .007 64% 
.237 .065 .005 73% 

40 .423 .130 .015 69% 
.262 .083 .008 68% 
.331 .092 .014 72% 
.260 .076 .004 71% 

50 .519 .159 .012 69% 
.483 .139 .005 71% 
.419 .110 .009 74% 
.346 .080 .006 77% 

60 .579 .221 .018 62% 
.532 .179 .009 66% 

70 .432 .117 .014 73% 
.489 .118 .012 76% 
.431 .124 .005 71% 

---------------------------------------------
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Appendix E 

Fish length and water quality during a 90-day growth period for 24 rainbow trout. 

Mean N03 + 
length Temp. N02 Conductivity 

Day (mm) (OC) pH (mg/1) (micromho/cm) 

0--220--------------------------------

4 13.5 8.1 415 

6 15.2 8.0 430 

8 16.8 8.2 <1 480 

11 16.8 8.0 470 

15 233 16.0 8.2 2.1 510 

18 16.0 8.4 510 

20 16.3 8.2 1.6 520 

29 18.0 7.9 1.3 500 

32 18.7 7.9 510 

35 249 15.0 7.9 <1 470 

41 17.8 7.8 3.8 510 

48 264 18.4 7.6 9.4 625 

55 18.3 7.7 3.3 580 

62 275 18.2 7.6 9.7 680 

69 17.2 7.7 6.1 760 

76 288 19.2 7.6 4.1 780 

83 16.9 7.6 5.5 805 

90 297 18.2 7.8 <1 670 
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