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This thesis provides control and management informa- 
tion on aspects of water quality in fish farming. 

The metabolic products produced by intensively farmed 
rainbow trout have been assessed and the production rates 
can be used to predict water quality. The water quality 
requirements of trout have bee i experiments 
conducted to determine the Ji 
of intensively farmed fish. 
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INTRODUCTION 

The production output from trout farms in the United 

Kingdom is approximately 2000 tonnes per annum, whilst the 

annual consumption is in the region of 3000 tonnes (Jefferson, 

4975). In comparison to continental countries, this produc— 

tion output is low and countries such as France, Denmark and 

Italy each have an annual production in excess of 10,000 

_tonnes (Christensen,1974). There are over 300 trout farms 

farming 
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character of the water produced by fish 

farming (Chapter 2). 

The characterisation of the water quality 

required for fish farming and the determi- 

nation of limiting water cuality criteria 

(Chapter .3). 

An estimate of the performance of the 

effluent treatment system and the possible 

effects of the effluent upon the receiving 

water (Chapter 1). 

   



Table 1-1 indicates the water reauirements of 1 tonne of 

50-100g rainbow trout at a range of different temperatu- 

res. As a general rule, 5000 maw! (approximately 1 mgd) 

of water will support an annual production of 10 tonnes 

(Purdom,1977). 

TABLE 1-4 

DAILY WATER RE 
TROUT 

OF 4 TONNES OF 50-100g¢ RAINBOW 

  

at 
mm? A fs 

Water Reauirement 

Temperature Oxygen Consumption Reduction from 100% Air 
a ‘ Saturation t Saturation to 

  

6 kg 0,/tonne/day 5 mg 1” 6 ng 17! 

8 nee 560 64.6 

8 5.0 724 847 

10 5.9 936 44143 
42 6.7 4455 1396 

44 7.6 44.07 a7 oy 

416 8.4 1680 2100 
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Which are supplied with water either by gravity 

from a diverted river or from a pumped supply. 

The ponds can be located in series or in 

parallel. The ponds are not self cleaning and 

are usually emptied annually to allow removal 

of accumulated faeces. The accumulation of 

solid wastes within the ponds can lead to 

water quality problems and makes handling, 

Management and husbandry of the fish within 

the ponds difficult. 

Raceway Culture 

The culture unit of this system consists 
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This facility allows the incubation of eggs in specially 

constructed trays and troughs (Plate 1-1). Upon hatching, 

stage, when they are transferred to shallow 400 1 fry tanks 

(Plate 1-2). At a fish weight from 0.25 to 0.75g, the fish 

are transferred to large 10001 fry tanks (Plate 1-3) where 

“they are grown to a size between 3-5g. The growth period 

in the fry area is 6-8 months. 

The inflow water is oxygenated so that i 

fry tanks at approximately 200% (20-22 mg 1 
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SBANDRY AND MANAGEMENT 

Eggs are purchased from specialist suppliers or 

spawned from broodstock between November and May. A 

constant supply of eggs is required to ensure maximum 

utilisation of tank space and experiments are being 

conducted at Low Plains to induce or delay the spawning 

pericd in order to provide eggs over a longer time period. 

The screens over the drains in both the fry and 

production tanks are cleaned daily and any mortalities 

  

are removed. umber of mortalities are recorded and    
    

  

the health of the fish ca te]
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illustrates This also -2. nks are given in Table 1 & ta rearin, 

on of i stock that is required to give an annual product the 

per annum. 90 tonnes 

{D_FESDING 

formulated is The fish are fed an artificial diet which 

Several to meet the nutritional demands of the fish. 

different manufactured brands have been used during the 

ject (4: pro is thi course oO. 

ithough only sh size and temperature, cy. pends upon fed de 
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TABLES 1-2 

THE BIOMASS, AVERAGE FISH WEIGHT AND FISH NUMBERS THAT 

CAN BE MAINTAINED IN THS REARING TANKS AT LOW PLAINS 

  

  

  

Size Groups (g) 

5-20 | 20-80 80-180 480-250 

Growth Time Weeks 44 | 20 416 8 
Total Numbers 411,000 |183,200 |1118,200 | 57,800 
Estimated Mortality 3,900 4,700 2,500 920 
Tanks Allocated 2 43or 6 8 or 5 6 

+ 12m + 42m 
55,500 | 25,500 | 14,800 9,600 
53,500 | 24,700 | 14,500 3,400 

278 540 4,184 4,728 
4,070 1,976 2610 2,362 

235 | 25.3 26.9 23.5   

  

      
  

    



gives the approximate biomass in the tank. This procedure 

is repeated at intervals of four to six weeks (shorter time 

intervals can lead to errors) and the biomass increase 

recorded, The quantity of food fed in that period is 

divided by the biomass increase to obtain the food conversion 

rate, i.e. the cuantity of food required to produce a given 

weight of fish. The farm is budgeted to produce fish at a 

conversion rate of 1.7 : 1, but lower conversion rates of 

4.4: 4 can normally be achieved. 

If a tank of fish is found tc have a poor conversion 

rate, then the fish health, 

  

and water quality are checked to    
The monitoring 

 



Plate 1-1 Egg incubation and hatchery facilities
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Plate 1-3 40001 fry tanks for the production of fry 
between 3-52



  

15



  

POLLUTANT PRODUCTION OF INTENSIVSIY REARED 

B
o
y
 

  

our



an
 

OV
 

POLIUTANT PRODUCTION OF INTENSIVSLY REARED RAINBOW TROUT 

    

     

Page N 

Introduction 17 

Nitrogenous Metabolic Wastes 20 

Carbon Dioxide 21 
Solid Wastes 22 

Phosphate Pe 25 
Other Water Guality Effects of fish 25. 

Production 

23 

au 

Daily Pattern of Waste Production 25 

Pollution Production Rates 25 

Settleable Solids, Faeces 26 
pended Sol 26 
uble Carbon-Nitrogen - ATP Lévels 28 

290 

29 
32 

3    
    

2



17 

POLLUTANT PRODUCTION OF INTENSIVELY REARZD RAINBOW TROUT 

INTRODUCTION 

The maintenance, repair and growth of animals results 

in the production of metabolic wastes. Aquatic organisms 

dispose of these wastes directly into the environment in 

which they live, and hence modify the water quality. In 

the natural habitat the changes caused would be insignifi- 

“cant as population densities are low. However, in fish 

farming a higher biomass can be maintained, and as the 

dilution provided by the water is reduced, pollution can 

occur. 

Pollution is recognised to be any significant change, 

that occurs within an environment, that results in deleter-— 

ious effects upon that environment. Hence metabolic wastes 

  

be considered to be pollutants. 

    

an be considered as pollution (Liao,1$70a) but this 
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as pollutants. These factors are principally dependent 

upon management and circumstances and therefore present 

only intermittent pollution and hence have not been 

assessea. 

Pollution from most fish hatcheries and trout farms 

is greatly diluted by the large flows that pass through 

the units (Willoughby, Larsen and Bowen,1972). In fact 

_aquaculture probably utilises more water per ae weight 

of product produced than any other manufacturing process 

(Liao,1970a). The Shearwater system of farming has 

reduced water use by at least a factor of 10 through 

oxygenation and hence the pollution potential has increased 

proportionately. 

Several authors 

    

    of trout farming and
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for changes in metabdlic rate, (Willoughby et al ,1972, 

Liao and Mayo 1974). 

NITROGENOUS METABOLIC WASTES 

Ammonia-nitrogen is the principal nitrogenous excretory 

product of rainbow trout and is excreted through the gills 

as unionised ammonia (Forster and Goldstein,1969). In 

solution, ammonia exists as unmionised ammonia and ionised 

“ammonia and together the two forms make up the total 

ammonia content. Undionised ammonia is acutely toxic to 

fish at concentrations exceeding 0.45 mg a (Smart ,1975). 

Estimates of the percentage total-nitrogen excreted 

as ammonia varies from 51% (Fromm and Gillette,1968) to 

Goldstein,1969). Burrows (1964) found 

  
     

qort Qncorhynch'us tshawytscha) maintained



24 

Nitrate-nitrogen can accumulate in fish culture 

systems by biological oxidation of ammonia and direct 

  

production by fish (Willoughby et_al,1972; Liao and Mayo, 

1974). The source of nitrate by direct excretion or 

production within the gut is not readily evident from the 

literature. 

In addition, nitrogenous organic compounds can 

_accumulate. Olson and Fromm (4971) found that 94% of the 

total nitrogenous material excreted by trout was composed 

of urea=nitrogen, ammonia-nitrogen and protein-nitrogen 

with a 6% unknown nitrogenous component. As with most 

papers on the physiology of fish, these results were 

obtained on starved fish. The protein nitrogen was thought 

to be composed of mucoproteins. 

CARBON DIOXIDE CO COs 

   



22 

respect to air, can be readily achieved. Addition of 

00, to water causes a decrease in pH. 

Estimates of 005 production range from 0.17 to 0.19 

-1 1 g hr kg for steelhead trout and 0.04 to 0.19 g ar! 

xg! for coho salmon (Oncorhynchus Xisutch) (Liao and Mayo, 

4974), though no reference is made to fish size or tempera- 

ture. 

* SOLID WASTES 
wo Two different types of solids are produced as a result 

ai of fish culture, settleable so rb
 ids and suspended solids. 

The former consists of "that material in the effluent that 

ettlin o ct will not stay in suspension during a period (3 ao 

minutes) but settles to the bottom as a solid residue 

(Standard Methods,1974). The main sourcesof settleable 

materialare from faeces and food. The rearing tanks at 
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of 52 g/kg food fed/day. 

PHOSPHATE 

The source of phosphate is by direct excretion through 

the kidney (Forster and Goldstein,1969) and possibly through 

the leaching of faeces and food. As a pollutant it acts as 

a@ nutrient causing algal blooms and eutrophication. 

FF 

  

PRODUCTION OTHER WATER QUALITY EPFSCTS O tay
 

The waste products from fish culture exert an oxygen 

demand which can be measured as biochemical oxygen demand 

(BOD) or chemical oxygen demand (COD). The BOD is a 

biological-chemical index ef pollution measured by estimating 

he. utilisation of oxygen by bacteria which are assimilating 
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produced by rainbow trout. The concentration of 

other pollutants including nitrite-nitrogen, urea 

and BOD were also measured and the production rates 

determined where applicable. 

2. To establish relationships between the pollution 

rates and the amount of food fed and fish size. 

3s To compare the data obtained in this study with 

values quoted in the literature. 

The determinations were confined to tanks containing 

healthy populations of fish. 

METHODS 

The study was limited to fish in the size range 

10-250 g, reared in the main grow-out tanks at Low 

Plains. 

Chemical analyses for total ammonia—nitrogen, 

nitrate-nitrogen, nitrite-nitrogen, phosphate~phosphorus, 

free carbon dioxide, suspended solids and BOD Mere 

conducted according to the methods in Appendix I. Samples 

for analysis were collected from the level control unit of 

each tank in a 500 em? plastic container. Analyses were 

usually completed within 90 minutes Stearn The 

fish are maintained in batches of distinct size class 

intervals by regular grading, hence the measurements were 

made on tanks containing different sizes of fish in each 

Size interval. Water flow, daily food ration, fish 

biomass and number of fish per tank were noted at each 

sampling.
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DAILY PATTERN OF WASTE PRODUCTION 

In order to establish the daily rhythmof production 

of wastes, tanks contsining fish with an average size of 

413.5, 62, 105 and 203 g were selected. Samples were taken 

at two to three hourly intervals for 24 hours and determin- 

ations were made upon total ammonia, suspended solids, 

phosphate-phosphorus, nitrite-nitrogen and pH. The 

experiment was repeated on the same tanks at weekly 

intervals for three weeks during the months of July and 

August 1975. One set of analyses included a tank of 

fish averaging 105 g¢ which had been starved for 24 hours 

prior, es well as during the experiment. In addition, the 

total ammon. Hey
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As settlement of the faeces can occur in the outflow 

pipe and level control unit, it was not possible to measure 

settleable solids production directly. Hence estimates of 

egestion rates were obtained by using modified fry tanks 

fitted with faecal traps. The trial utilised 400 1 

circular tanks which were fitted with a 2 om diameter 

outflow pipe and drain (Fig. 2-1). This increased the 

water velocity of the effluent passing through the pipe 

and hence minimised settlement. 

The water inflow was adjusted to give the same 

water exchange time as in the main rearing tanks (3.75 

hours) and a circulation pump was fitted to create a vortex 

water current. This current caused solids to be driven to 

 



  

Vater 

  

Inflow 
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Beecal solids 

  

    

 



dust content of the fish food in use at that time, 

consisting of Beta Fish Food, marketed by Cooper Nutrition 

Limited (now BP Nutrition Limited) and Trouw High Density 

Fish Food (now BP Nutrition Limited). A kmown weight of 

food was sieved in a fine flour sieve (100 mesh) for five 

minutes, the remaining food was then reweighed and the 

percentage dust content calculated. 

A second test consisted of washing a known weight of 

food with a predetermined volume of water and measuring 

the suspended solid concentration in the washings. 

Both types of food were subjected to a fragmentation to. 

test which consisted of placing food pellets in 500 om? 

of water and stirring 

    

The time at which the 

GSN AND     
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RESULT (3)
 

  

DAILY PATTERN OF METABOLIC WASTE PRODUCTION 

A distinct daily variation in concentration of 

metabolic wastes was observed. Low concentrations 

occurred overnight and increased from midday to peak 

during the early evening. Results are shown in Fig. 272 

for fish in the 60 g size range. Other tanks vroduced 

. very similar patterns. 

Suspended solid concentration showed a peak of 

production between 20.00 to 22.00 hours with low 

concentrations occurring between 24.00 to 06.00 hours. 

The suspended solid content began to rise-after the 

first feed at 08.30 hours. The highest concentrations 

£ total ammonia and phosphate occurred between 15.00 

to 20.00 hours, though the concentration of ammonia 
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POLLUTION PRODUCTION RATES 

The average rates of production of total ammonia, 

phosphate, suspended solids and nitrate are given in 

Table 2-2. 

The rates were obtained by:- 

i) obtaining the mean concentration of 

the parameter measured at 09.00 and 

46.00 hours, after subtracting the 

concentration of the inflow water, 

b be
 

wv
 

calculating the total amount of waste 

metabolite produced each day by multi- 

plying by the daily water flow passing 

through the tank, 

 



a 

'z 
‘Sdodia 

p
r
e
p
u
e
y
s
 

a1B 
s
y
o
y
o
u
r
q
 

ut 
s
o
m
a
t
a
 

( 
) 

 
 

 
 

 
 

 
 

    

 
   

  
  

  
  

  
 
 

 
 

  
    

  
 
 

 
 

    

 
 

 
 

C
z
)
 

(99°) 
(11°6) 

(6°6) 
(1¢*0) 

(90°): 
CEEt0) 

(9€ 
°0) 

SPTLOS 
06 

el 
8S 

on 
29°0 

28°O 
0R°O 

6°00 
p
e
p
u
s
d
s
n
s
 

(n-* on) 
tL 

8 
Gt 

6 
cb°o 

9b°0 
2
°
o
 

64°0 
a
U
e
I
Y
T
N
 

(2E°0) 
(ol°0) 

(g€°0O) 
(ot°0) 

| 
(+o*0) 

(G0°0) 
(10°60) 

(a-"loa) 
1
G
 

o°S 
G°sS 

6°S 
290°O 

850°0 
60°0 

4 
r
a
a
t
 

(
9
°
)
 

(26°0) 
(6°k) 

(
9
°
)
 

(60°0) 
(20°0) 

(€0°0) 
oe 

n
e
 

1¢ 
le 

o£ °O 
RE 

°O 
61°0 

oR*O 
BTuoniry 

Te 
Od, 

sntd 
ogt 

Ogt-og 
08-02 

02-S 
sntd 

ogt 
ogt-og 

oR-02 
02-5 

3 
e2tg 

ystt 
a
l
s
 

a
 

e
e
 

a 
i
 
eel 

ee 
j
e
 

Kepy 
p
o
o
r
 

Sy 
3B 

se 
u
o
t
y
o
n
p
o
r
g
 

i 
K
e
p
/
u
s
t
s
 

ri 
ay 

8 
u
o
t
q
y
o
n
p
o
r
d
 

m
a
y
o
 

is 
se 

A
V
a
/
G
t
_
 

COO 
ONNY 

GHG 
a0. 

40 
NOILONNA 

SV 
G
i
s
s
a
a
d
K
a
 

‘SNIVTd 
MOT 

TV 
c
n
O
n
d
o
u
d
 

Hd 
do 

Oud 

    



3h 

to poor precision at low concentrations. 

Production rates of free carbon dioxide ranged from 

4 1 sisn av? (size range 20 to 
4 

0.052 to 0.415 g hr kg 

200 g at 8.5°C), or 123 to 140 g ke’ food fed a’. 

There is also some loss of respiratory CO, to the atmosphere 

and some is combined in the bicarbonate-carbonate equilibria 

and hence these production rates are only applicable to Low 

_ Plains conditions. Determination of free co, is also 

+ * 
subject to an error of - 10%. 

The addition of respiratory ey causes a depression in 

pH from an ambient inflow value of 6.66 to about 6.30. 

Urea concentrations in the main rearing tanks were 

as N. fhis is equivalent to 

-1 
4 food fed da or a @ urea production rate of 7.8 g kg 

range of 0.072 to 0.16 g xg| fish 4’ (fish size 20 to 
oo 

  

    jority of the BOD is 

a BOD test on 

   
reased and more varied 

    

compared to the influent. Hy



  

  

            

TABLE 2- 

ESTIMATES OF THE PRODUCTION RATES OF FREE CO,, UREA AND 
BOD BY FISH AT LOW PLAINS 

et 
Average 7 r No. of ae 
Peas Units Range Samples roe 

Free| 0.091 | g kg’ fish nr@'| 0.05-0.115 9 20-200 
005] 433 | g ke! tooa a@'| 123-140 9 20-200 

Urea] 0.166 | g kg’ fish a7'| 0.16-0.72 2 20, 180 
a 7.8 gke' fooa aq! = 1 180 

BOD 4.5 | g kg fish aq 3 5 30-180 
440 | g xg) food aq? a 5 80-180 

TABLE 2-h 
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myxobacteria, 

  

 



The total count and species composition tended to vary 

greatly on a day-to-day basis. Typical results are 

presented in Table 2-4 and due to the wide variation 

in the data, no relationships have been derived. 

FABCES PRODUCTION 

The production rate of faeces can be expressed as 

dry matter or wet weight as well as the amount being 

" produced per kg of food fed or fish. The mean production 

rates are given in Table 2-5 and no significant difference 

(at 95%) was noted cetween the rates when expressed as the 

amount of food fed for fish with average weights of 70 g 

and 120 g. 

Some of the faecal material may have been lost as 

suspended solids, but it is very difficult to quantify 
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0.4 to 0.6%. Manufacturers estimates of dust and fines 

were 1-2% for the high density pellet and 0.6% for the 

expanded pellet. 

The increase in suspended solid concentration after 

5 g of food was washed repeatedly with 1 litre of water 

is shown in Fig. 2-4. The suspended solid concentration 

increased with the number of washings. The high density 

_ Pood produced more suspended solids and was unable to 

withstand more than four individual washings before 

being fragmented. 

When subjected to slow stirring, the high density 

pellets disintegrated after only four minutes agitation, 

whereas the expanded pellet remained intact for periods of 

up to 50 minutes. 

  

SCLUBLE AND PARTICULATS C. BON AND 1}     

    

rticulate carbon contributing between 11.2



  

s
u
s
p
e
n
d
e
d
 

S
o
l
i
d
s
 

1 

    

  

2 
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TABLE 2-6 

SOLUBLE, PARTICULATE CARBON AND NITROGEN AND VIABLS 

BACTERIA COUNTS 

(From a survey by Department of Agriculture end Fisheries, 

  

  

  

  

    

    
       

Scotland) 

llc onion Soluble Particulate Viable 
yank oe Carbon MNitrozen| Carbon Nitrogen Bacteria No. | Hrs. = = = 2 

PE Zz, 1) ag Le) | pe a ‘| pel Nos/ml x 10 

3 F430 7468 3674 94.2 430 A 

15.00 | 2180 273 - 

47.30 | 2285 | 298 Lu 

22.15! \ 1670 | 224 49 
| \ 

09.15] : 22h, 19 

_ | 48 | 11.30| 7603 | 5222 | 220 | 298 42 
i 

| 45.00 | 2u77 | 323 is 
| ne ae ae | | 17-30 | | 2360 | 375 | 28 

| eae | er ee ee r 
j { 22.15 i i O37 | 254 | 2 

i | | | \ | 

| O96 45 { 550 | soy 40 

i | | 
1 i at | i L I      



DISCUSSION 

  

DAILY VARTATION IN THE PRODUCTION OF METABOLIC WASTES 

The fish at Low Plains are fed a daily food ration 

divided into approximately six feeds and fed between 

08.30 hours and 17.00 hours. Increased concentrations 

of metabolic wastes did not occur until after the first 

feed and did not reach a peak until feeding had been 

; completed. This can be attributed to the time required 

to metabolise the food and release metabolic wastes. 

Brett and Zala (1975) also noted a diurnal pattern 

of ammonia excretion. With sockeye salmon fed a single 

feed at 08.30 hours, ammonia excretion reached a peak 

about 4.5 hours later. The same authors noted that the 

peak oxygen consumption preceeded ammonia production vy 

up to four hours. 

showed a diurnal    

    amount excreted 

present. 

 



POLLUTION PRODUCTION RATES 

The production of pollutants per unit weight of fish 

varies according to fish size and temperature, whereas 

the production rates obtained as the amount of food fed 

should be applicable over a range of fish sizes and 

temperatures, provided the fish are fed with a similar 

diet, according to the feeding tables in Appendix II. 

. Variation in feeding rate may produce a different 

metabolic waste production rate and metabolite production 

is not zero when the fish are being starved. 

The production rate of certain pollutants will be 

influenced by the design of the farms because they are 

solids) or they enter equilibria (é.¢. Carbon dioxide). 

either not formed directly by the fish (e.g. suspended 

) 
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by Liao and Mayo (1974) and Willoughby et e1(1972)was not 

indicated. However, the production rates of ammonia per 

kg. food were very similar (Table 2-1) to the rates 

obtained in this study. 

Suspended Solid 

Suspended solid production is principally dependent 

upon fragmentation of faeces and hence production rates 

can vary considerably with system design. Culture systems 

that rapidly remove large solids will have a lower concen- 

tration than in units where the solids are retained for 

long periods because this increases the chance of fragmen—- 

that the rate pu
 tation. Willoughby et al (1972) suggeste 

of suspended solid production expressed as the amount of 

food fed was constant with increasing 
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the Low Plains site. Different production rates would 

be obtained in water with a different alkalinity as 

the amount of free C05 in equilibrium would be variable. 

Furthermore, system design could considerably influence 

the amount of co, lost to the atmospheres for instance, 

a farm employing aeration would have a low co, content 

because the respiratory CO, would be degassed. 

Assuming an average free oO, production rate of 

0.08 g hr! ug”? fish for 100-180 g fish and an oxygen 

consumption rate of 0.2 ¢g nr! kg fish (Fig. 5-2), a 

respitory quotient of 0.55 is obtained. For an animal 

ests that a considera 

  

being fed a high protein, high energy diet, this ratio 

is low and su ole amount of CO, 

was being lost from the system. 

  

  

action of Nitr       

   

 



Solid Production 

The faeces are removed by self cleaning action of the 

water flow within the tanks but subsequent settlement can 

occur in the drain well, outflow pipe and level control 

unit. Hence settleable solids are not discharged 

continuously but are removed intermittently by lowering 

the water level of the tank. 

The faecal material is contained within a mucous 

sheath, and provided it is removed rapidly from the tank, 

will not contribute significantly to the suspended solid 

content. However, a proportion of the faeces is fragmented 

by the swimming activity of the fish, mechanical forces 

  

within the tank and even uptake and rejection by 

all of which generate suspended solids. As the faeces are 

contained in a distinct pellet is no evidence to ct
 

ae cc ar o 
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means that 16-20% of the faeces produced was fragmented 

to form suspended solids. 

RSLATIONSHIP OF POLLUTION PRODUCTION WITH METABOLIC RATS 

The temperature of the water at Low Plains is constant 

throughout the year, hence no assessment of pollution 

production at different temperatures was obtained. 

Liao (1971) obtained a linear relationship of oxygen 

consumption (i.e. metabolic rate) decreasing with log 

fish size. Fig. 2-5 plots ammonia and phosphate produc- 

tion with log fish size and the relationship is apparently 

linear. Suspended solids production per kg fish show a 

constant rate of production. 

With the exception of suspended solids, the use of 

a production rate expressed as the amount of food fed 

wo, hhould allow for variations in metabolic rate caused by 

  

and faecal production 
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Free carbon dioxide rates were low in comparison to 

the expected rates calculated from the respiratory quotient. 

These rates should only be applied to systems employing 

Shearwater technology. 

Considerable variation was found between production 

rates obtained in this study and those quoted in the 

literature. To a certain extent, this was due to 

- differences in the type of farming system where 

Settlement or chemical changes could affect the calcula- 

tion of pollution production rates. The data obtained 

from the Shearwater system of self cleaning, intensively 

stocked tanks, probably provides a more accurate assessment 

of pollution rates. Additional variation may have been 

Gaused dy the type of food being fed, the content of 

which was not always indicated in the literature. 
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GENERAL INTRODUCTION 
  

The air and the materials contained in the water are 

involved in a complicated set of mutual equilibria. A 

change in one component may result in the modification of 

several other aspects of water quality, which can affect 

the animals living in that water. A change in water 

quality is not necessarily detrimental and in most cases 

a variation in the concentration of a parameter is tolerable 

fo to a certain point, above which it becomes detrimental 

and finally lethal. 

In fish farming it is important to define the limiting 

value or threshold concentration of a parameter where growth, 

food conversion rate or fish health becomes adversely affected. 

These values can then be used to establish a set of limiting 

water quality criteria for use in fish culture. 

Water quality criteria are qualitative evaluations 

ac Sane 
derived from scientific research and ideally should quant ify 

the level of a chemical or physi oO wo b ‘A
 £0 ie
 8 oO ct o ¥$ 9 = bp oO S 6 oO 

armful effects will occur (Thorslund,i974). Criteria can b 

vary according to the usage of water, e.g. different criteria 

are evolved for irrigation or water supplies. In this study 

   limi ing water quality criteria are evolved for rainbow trout 

culture. 

The limiting water quality criteria (LYQ@C) are derived 

  

4. There is no reduction in food conversion 

rate, or growth rate.



The fish are not predisposed to any 

diseases. 

The water quality does not cause any 

physiological or metabolic disorders.



PART oJ 

CRITICAL 2 EW OF THE LITERATURE ON WATER QUALITY IN 

PISH FARMING 

A complete review of the literature was not completed 

as there is an extensive amount of information on the 

effects of poisons and pollutants on rainbow trout, mainly 

because the species is readily available and a useful 

“research medium. 

The majority of the published literature assesses the 

acute effects of substances rather than the long-term 

ehronic effects which are important for deriving LWG@C and 

hence only the more salient papers were considered. 

DISSOLVED 

MININU 

  

    

  

the point on the blood-oxygen dissociation curve that 

 



Ba 

Concentrations of one standard deviation above and below 

the mean concentration were proposed as criteria for the 

protection of very important fisheries and marginal 

fisheries respectively. 

TABLE 3-1 

MINIMUM DISSOLVED OXYGEN CRITERIA FOR THE PROTECTION OF 

  

  

  

SALMONID FISHERIES (DAVIES 4975) 

Minimum /D07 
= z Wi) ng 1 4 Effect on Fishery 

Tee Protection for very important 
fisheries. 

6.0 Stress exhibited at this point. 
Some degree of risk to the fishery. 

425 Deleterious effects, suitable for 
hardy or marginal fisheries.   
  

  

that rainbow trout can acclimate to prolonged periods of 

1963) noted that the growth of or 

    

of unionised ammonia, 

increased as the /D07 was raised from 1.5 to 8.5 me las



a2 

Lloyd (1961) observed a similar effect with zinc, lead, 

copper and phenol salts and postulates that the increased 

susceptibility was due to a faster water exchange rate 

over the gill surface at low L207 concentrations, which 

brought the fish into contact with more poison. 

Several authors have recommended a minimum dissolved 

oxygen concentration for rainbow trout culture of 5.0 mg Te 

(Liao and Mayo 1972, Buss and Miller 1971, Willoughby et al 

1972). Burrows and Combs (1968) suggest that a minimum /b07 

of 6.0 mg in is necessary for chinook salmon culture. 

Larmoyeux and Piper (1973) provide evidence of gill damage 

and reduction of growth rate with rainbow trout grown at 

a 007 concentration of less than 5.0 mg ioe 

In view of these recommendations, and the fact that 

low /DO7 can increase the toxicity of poisons , a minimum 

=1 acceptable dissolved oxygen concentration of 5.0 mg 1 

‘or rainbow trout culture. 

  

Liao and Mayo 

  

excess of 105% are undesirable for trout culture. However, 

of brown trout 

  

1s; rainbow trout can 

    

berbaric oxygen concentrations of up to 

at &.5 °C (Hoffert, Bwyens and Fromm, 1975).



Supersaturation of oxygen in water has been associated 

with gas bubble disease, though a saturation in excess of 

4 
350% (30 mg 1! at 8.5°C) is usually required (Rucker ,1972). 

There is little advantage in culturing fish at Lo0o7 

concentrations in excess of 100%. Supersaturation of 

oxygen up to 200% should not be detrimental, though it 

should be preferably avoided in order to minimise wastage 

.of oxygen supplies. 

  

IN 

  

The literature on the effects of ammonia upon fish, 

especially in the field of aquaculture, is conflicting and 

  

often inaccurate. Ammonia exists in solution as free or 

unionised ammonia and ionised ammonia (Zquation 3-1) 

H (Zquation 3-1) 

principally upon 

  

   

    

term ionised ammonia 

3 + + ny 5 a3 5 + total ammonia the combined sum of /NH, + Vf in solution. 

Concentrations of ammonia will be expressed as nitrogen 

unless otherwise stated. Tables for the conversion of total 
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THE TOXICITY OF AMMONIA 

EIFAC (1970) has reviewed the literature on the 

effects of ammonia upon freshwater fish. The unionised 

ammonia Gay is the only form of ammonia that is toxic, 

the lethal threshold to salmonids being 0.2 mg ie! as NH. 

The recommended maximum acceptable concentration for the 

Satisfactory survival of a salmonid fishery was considered 

to be 0. 025 mg aa as Nis, though recent evidence suggests 

this figure may be too low (J. S. Alabaster personal 

communication; Smart,1976). 

Downing and Merkins (1955) showed that ionised ammonia 

Lv, 7 had no toxic effect and that the toxicity of ammonia 

solutions was solely due to.unionised ammonia, which became 

more toxic at low /DO/ concentrations. Increased dissolved 

carbon dioxide can reduce the toxicity of unionised ammonia 

  

(Alabaster ert,1954; Lloyd and Herbert,1960). ‘This 

is because the addition of carodon dioxide lowers the pH 

value and hence reduces the unionised ammonia fraction. 

  

NH Z-. 

  
Lloyd and Orr (1969) noted that unionised ammonia 

concentrations increased urine 4 ‘low rates above a threshold



ol
 

Oy
 

concentration of 0.047 mg it NH,-N, though the trout were 

found to acclimate to prolonged exposure to unionised 

ammonia. Rainbow trout were also found to be more resis-— 

tant to unionised ammonia than atlantic salmon (Lloyd and 

Orr,1969). 

CHRONIC TOXICITY 

Burrows (1964) observed that salmon exhibited reduced 

stamina, growth rate and decreased disease resistance at 

total ammonia concentrations as low as 0.1 mg iv NH. 

This is equivalent to an unionised ammonia concentration 

4 
of 0.0018 mg 1°' NH Similarly the effect of unionised 3° 

ammonia upon the growth rate of rainbow trout was studied 

by Smith (1972) and a Ca concentration as low as 

=| } 
0.017 mg l was found to reduce growth rate 

Recent evidence sug. 

concentrations can be to o
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other environmental conditions are favourable. Unionised 

ammonia concentrations up to 0.05 mg 1 have been found 

ct fe} D roy <4 o 8 ° o rH ey
 Q ck on rainbow trout growth (Scott and 

  

henbrauck (1976) concluded 

that unionised ammonia in excess of a threshold concentration 

      

  

bow trout growth and 

  

by unionised ammonia concentrations
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. effects of other environmental variables were not controlled. 

Smith (1972) and Larmoyeux and Piper (1973) allowed ammonia 

to accumulate by passing water through fish tanks in series. 

However, this also results in an increase in concentration 

of other waste products and a reduction of the dissolved 

oxygen to below 5 mg aa, which may result in the detri- 

mental effects observed. 

MAXIMUM ACCEPTABLE AMMONIA CONCENTRATION FOR TROUT CULTURE 

A maximum permissible level of 0.5 mg a total ammonia 

has been recommended by several authors for salmonid aqua- 

culture (Lieo and Mayo,1974; Willoughby et _al,1972; Brockway 
  

4950, Larmoyeux and Piper,1973). However, confusion exists 

in this literature between the terms and effects of unionised 

ammonia and total ammonia. Some authors suggest that ionised 

ammonia has some toxic action (Liao and Mayo,1972; 1974; 

Burrows ,1968), though this is in direct variance with other 

workers (Fromm and Gillette,1968; Downing and Merkins,1955). 

There is no basis for the adoption of an ammonia 

criterion as total ammonia, other than the fact that unionised 

ammonia concentrations cannot be measured directly and concen- 

trations may vary according to pH and temperature. 

The fact that total ammonia can accumulate to concentra-— 

tions higher than is commonly accepted in the literature, is 

an important concept in the efficient utilisation of water. 

A peak total ammonia concentration of 8 mg int occurs in 

fish tanks at Low Plains,which at a pH of 6.4 and 9°c is 

equivalent to an unionised ammonia concentration of 0.0035 

mg 171 NH,-N, which is well within an assumed limiting 

threshold of 0.1 mg 17! NHN.



SUSPENDED SOLIDS 

The action of finely divided suspended solids upon 

freshwater fisheries have been reviewed by BIFAC (1964). 

Suspended solids can act directly upon fish by reducing 

growth rate and preventing development of juvenile stages. 

A considerable variation in susceptibility of different 

species was noted and a wide variety of solids did not 

-have an equally harmful effect. 

BIFAC could not determine any sharply defined 

concentrations which were found to damage fisheries and 

the following recommendations were made to protect fisheries 

from chemically inert solids, of a wide particle size range:- 

a) suspended solids less than 25 mg sige had no 

harmful effect, 

s could be maintained o
 

o 80 me act suspended 

  

-4 
ec) 80 to LOO mg 1 suspended solids will not 

support a thriving fishery, 

da) concentrations in excess of 400 mg ist will 

only provide a poor to negligible fishery. 

Merkins,1961). 

   

  
fish by gill damage, 

recursor to gill 

is the case with



In aquaculture, the solids derive mainly from faecal 

wastes and food and consequently are organic in origin. 

EIFAC (1964) reviewed only one paper dealing with organic 

solids consisting of Spruce Wood fibres. Growth rate was 

depressed at concentrations in excess of 50 mg we but 

remained good providing food supply was abundant. 

Suspended solids can represent a hazard in unaerated 

.waters as they can contribute to the BOD (IWPC.1974). In 

addition, organic solids can decompose and provide a 

substrate for bacterial activity which may result in 

bacterial gill disease (Wales and Evins,1937). 

A maximum permissible suspended solid concentration 

suitable for trout farming has not been considered in 

most aquaculture papers, though Muir (1975) recommended a 

maximum acceptable level of 20 mg 17’. 

  

is criterion would H 

require further verification. 

  

Nitrite is produced by a bacterial oxidation of ammonia. 

It can accumulate in recirculation systems using bacterial 

    

    

filters (Westin,1974) or in aquaculture 

retention times. Instances of nitrite 

documented for both salmonid 

(Katkoff, 1975) when new recirculating systems were being 

commissioned. 

1 nitrite and haemoglobin 

   974; Brown and MeLeay,1975). Russo,



Smith end Thurston (1974) found that the acute lethal 

median concentration was 0.19 to 0.39 mg a NO,-N in 

4 days for rainbow trout in the size range of 2-235g. 

Brown and McLeay (1975) obtained a 96 hour 1055 of 0.23 

mg 1! NOp-N, 

Smith and Williams (1974) measured the methemoglobin 

content of trout at a range of nitrite concentrations and 

.noted a significant increase when nitrite concentrations 

of 0.15 mg a NOj-N were exceeded. Yet in a later paper 

(Smith and Russo,1975), significantly higher methemoglobin 

concentrations were reported from rainbow trout maintained 

in solutions containi 

  

more then 0.096 mg 17’ NO, (0.029 

mg 17’ NO,-N). 

Liao and Mayo (1972) and Muir (1975) suggested that 

  

the maximum permis ons suitable for 

1 
salmonid aquaculture w 0 ne 2) fj N respectively.    

    

should 

until further information is available. 

  

to rainbow trout was



NITROGEN-GAS 

Supersaturated nitrogen can be toxic to fish (Rucker, 

1972), causing symptoms not dissimilar to bends in man, with 

gas emboli in the vascular elements of the gills, fins, skin 

and eyes. The effect has been called gas bubble disease, 

which although not necessarily lethal, can cause epithelial 

ruptures which lead to secondary bacterial or fungal 

infections. 

An increased incidence of mortalities has been observed 

in the range 108 to 118% (Rucker,1972; Poston et al,1973) 

and food conversion rate was reduced at concentrations in 

excess of 120% (Poston et al1,1973). 

Nitrogen saturation levels below 110% are possibly 

satisfactory for fish culture though supersaturation should 

be avoided if possible. 

  

are lethal to rainbow trout (Alabaster and Herbert ,1954 

me 

 



Arterial pH is maintained by shifting the 00,-carbonate 

equilibria and increasing blood bicarbonate levels. Serum 

chemistry changes have been noted at free 00, concentrations 

in excess of 35 mg 171 with rainbow trout in freshwater. 

There is, however, no evidence to eeeeeae that high 50, 

concentrations can cause gas bubble disease (Rucker,1972). 

Carbon dioxide was not recognised as a serious pollu- 

tant at Low Plains until 1976, when concentrations in excess 
lac 

of LO mg 1 were associated with a kidney condition, nephro- 

calanosis (Smart,personal communication). 

  

Trout will grow well in the temperature 

  

and optimum growth occurs at 17 to 1 

1973). Trout farms utilising surface waters without oxysen- 

ation or aeration facilit 

  

when water temperatures exceed 16 C, due to increased metabolic 

    

but not extreme, temperatures should not de 

   



  

mR ASPECTS OF WATER QUALITY a ee 

EIFAC (1968) has reviewed the literature on the effects 

of pH upon freshwater fisheries and conclude that water with 

a pH in the range 5 to 9 is not lethal to most fisheries. It 

should be noted that extreme pH values (< 6.0 or» 8.0) may 

increase or liberate poisons, e.g. an acid pH liberates co, 

and an alkaline pH can increase the unionised ammonia concen- 

tration. 

Alkalinity has no known direct effect upon salmonids 

except that it moderates pH changes. Hardness can reduce 

the toxicity of some metal actions, e.g. zine and copper 

(ZIFAC 1973; Pagenkopf, 1974). 

Little information is available on several other aspects 

of water quality, including BOD, soluble organic carbohydrates, 

soluble organic nitrogen compounds, phosphorous compounds and 

produced as a result of fish culture. 

  

of so 

in small quantities by salmonids (Burrows,1964; Forster and 

Goldstein,1969) but no adverse effects have been observed 

(Burrows 1964). Little research has been conducted into the 

Tects of other excretory prod : oO ee o notably amines. 

Crganic materials can contribute to the BOD content of 

 



can accumulate on gill surfaces. 

Bacterial gill disease has been related with poor water 

quality conditions (Bullock,1972) though difficulty has been 

encountered in inducing the disease under experimental 

conditions. The aetiology of the disease is not well under- 

stood, though poor water quality conditions may induce 

secretion of mucus by the gills, which can provide a sub- 

strate for an infection by bacteria. Alternatively, bacteria 

trapped in the gill filaments may induce mucus. Gill disease 

is economically important in fish farming because although 

mass mortalities do not usually occur, the syndrome tends 

to debilitate the fish and reduce the food conversion rate. 

0 a Ft Ic
 SI 

  

ND_ SUMMARY QQ
 

es
 

The limiting water quality criteria for rainbow trout 

culture, as obtained by reviewing the relevant literature , 

are summarised in Table 3-2. Areas where more information 

low oxygen concent 
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TABLE 3-2. 

SUMMARY OF WATER QUALITY CRITERIA SUITABLE FOR RAINBOW 

TROUT CULTURE OBTAINED BY REVIEWING THE AVAILABLE 

LITERATURE 

  

  

  

  

Parameter Criteria Comments 

Dissolved Minimum Sonoen tras Near saturation 

oxygen tion 6mg 17", Wo values preferred 
advantages in Supplementary 
excess of 100%. oxygenation can 
Over 350% may increase efficiency 
cause gas bubble of water use. 
disease. 

Ammonia Maximum unionised This criterion 
ammonia concen- allows for changes 
tration of 0.1 in pH and tempera- 
rg NEZ-N. ture. Lower values 

: preferred, accli- 

mation would be 
necessary for 
culture at this 
concentration. 

  

  

                   imation 

  

  

  

Temperature |7 - 17°C Low tempera 
s 
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TABLE 3-2 (CONT'D) 

  

Parameter Criteria Comments 

  

BOD Not definedle, high 
levels can be 
tolerated if 
supplementary 
oxygen is 
available. 

  

  

Nitrite Maximum (tentative) |! More information 
Nitrogen 0.05 mg 171 NO,+N required. 

Phosphate No information.       phosphorus   
 



PART IT 

WATER QUALITY OF THE LOW PLAINS BOREHOLE SUPPLY 

INTRODUCTION 

The Low Plains farm obtains its water from three bore- 

holes which tap an aquifer in the underlying sandstone. The 

water is of good quality, since it has been effectively 

filtered by the sandstone and because it has not been in 

contact with wild fish, the water is virtually sterile 

and pathogen free. These criteria were initially considered 

to be important factors in the siting of a fish farm. 

The water quality of the borehole water was established 

and monitored regularly to determine any long-term variations 

in water quality. 

METHODS 

  

I. The samples were 

  

from the main header 

  

Table 3-5. 

 



  

SSULT OF ANALYSIS OF BORSHOLE WATER BY NORTH WEST WATER 

  

  

  

             

AUTHORITY 
*& cesulk suspect. 

Result 7a ‘5 Parameter 290. 7 226,741 Units Method 

pH 6.6 Gel 3} - pH meter 
Suspended 2 2 mg it Filtration, 
Solids GFC Filter 

Dissolved 214" 134 mg 17! Filtration/ 
Solids Evaporation 

*” - Total Solids! 216 4133 mg 171 
Permanganate| 2.6 3.8 mg 17! 
Value 

BOD 0.6 0.8 mg 17! 5 day ineubs- 
tion at 20 ¢q 

NEN 0.08 | 0.03 mg 17! Nessler 
k method 

No,-N 0.002] 0.002 mg 17! Diazo react- 
. ion 

Total 3.29 | 4.u9 mg 17! Reduction to 
Oxidised-¥ NE 4 

Chloride 2h 24 mg 17! = as Alkalinity 50 46 mg 17/ = 
FOQ),-P 0.03 0.04 mg 1 Ascorbie acid| 

hold - me 1. 
peer =_4 

84 80 mg 1 as Ca 

a i nS Me Ean dite, ur 62 58 mg 1 as Ca =|2DTA titra- 
e tion 

Magnesium 22 22 |mg 17’ as Ca EDTA titre- 
Hardness tion 

zn 0.01 | 0.02 mg 171 
Pb 0.0 0.04 ag 171 
od 0.04 0.02 mg 171 
or 0.01 | 0.02 mg 17 
Ni 0.04 0.02 mg 17! 
Be 0.42 | 0.02 mg 17! 
Mn 0.01 | 0.02 ag 1 
Conductivity 2415 y mhos em! 

Free C05 29 

      
     



TABLE 3-4 

RESULTS OF ANALYSIS OF BOREHOLE WATER WITH PORTABLE 

HACH CHEMICAL LABORATORY - OCTOBER 4974 

  

  

    

  

      

Parameter Result Method 

pH 6.64 pH meter 

Suspended Solids 5 mg cae Turbidity 

Ammonia-N nd Nessler 

Nitrite-N nd 2,4,4,D 

| Witrate-w 302 mg 1! Cd. reduction 
Chloride i 22.5 mg it titration 

Alkalinity 45 mg 17! Titration 
Phosphate-P 0.06 mg 17" Ascorbic acid 
Silicate 1.8 mg ae Turbimetric 

Total Hardness 75 me 15 es Ga00, | EDTA titration 

| Magnesium Hard- 20 mg im as Caco, EDTA titration 
| ness 

Calcium Hardness 55 mg 1s as Caco, | 3 
Copper Cu 

Chromium P 

| ie 
i | ‘ ie 
i \ i 
| | ; © toluene 

i I | Pt-Co Standard | 
| | | 
| | | Turbimetric | 

| i | | ' | j \ 

| 0 | 

—4 i 
| 9.98 mg 1 | Vinkler 

| 20 mg 17! Titration 

| | 8.5 6 |     

p As
 \ og
 ° ct
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Atmospheric pressure = 

FISHSRIES, 

763.52 mm He 

72 

SCOTLAND 

  

  

    

Header Tank 1 Header Tank 2 

1 e ° sap 
| Temperature | 9.1 °C Se5 

Dissolved Oxygen 9.45 me 17" 9.35 mg 171 
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suspended solids and BOD of the borehole water were also 

collected (Table 3-6) during a 10 week project (Cassel 

4976). At this time the header tanks were aerated to 

reduce the free CO, content. 

The Department of Agriculture and Fisheries, Scotland, 

analysed for nitrogen and oxygen gas (Table 3-7) during 

August 1976. 

DISCUSSION 
  

The quality of the borehole water was very constant. 

The results in Tables 3-3 to 3-6 were collected over a 

period of two years and no marked changes in water quality 

Qu
 occurred. The data in Table 3-6 was collected in 1975, the 

worst drought year on record and although the water table 

was reduced by 1.8 m, the changes in the parameters analysed 

were marginal. 

  

metal cations, e.g. copper, which can be toxic when the 
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system of oxygenation and aeration reduces the nitrogen gas 

content and hence the supersaturated nitrogen does not cause 

a problem. 

The temperature of the borehole water was virtually 

constant throughout the year. Conventional trout farms, 

utilising surface waters, probably have the same average 

annual temperature but with a wide range. This leads to 

.glut periods of production,as significant growth only occurs 

in summer because winter temperatures are low. A constant 

temperature water means that seasonal adjustments do not 

have to be made in carrying capacity or feeding levels and 

a constant production output can be made throughout the 

year. 

    

tanks to reduce the oO, content of the 

the effect of the equipment was marginal (Table 3-6). 

  

m ct 5 a "s
 @ i) oO ma
 

ittle pollution of the wo 

    

the quality of the borehole water was 

  

Suitable for fish culture although the dissolved carbon
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dioxide and nitrogen gas make it less then perfect. All 

water supplies will have some disadvantages, but these can 

usually be overcome by identification and good management. 

Although borehole water reduces fish health risks and 

provides a constant temperature, water quality and supply, 

the cost of abstraction makes it very expensive to obtain. 

Consequently future sites for Shearwater will probably 

-utilise surface water supplies,as good husbandry, routine 

health monitoring and a wider understanding of environmental 

interactions should counteract most problems encountered.
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Parte re 

WATER QUALITY IN THE MAIN REARING TANKS AT LOW PLAINS 

Normally, in fish farming, constantly flowing water 

is required to supply the respiration demands of the fish 

and hence vast supplies of water are required (see Chapter 

I). If supplementary oxygen is provided, then the amount 

of water necessary for fish culture is reduced because the 

‘role of water changes to dilution and removal of accumulating 

metabolic waste products (Forster, Harman and Smart ,1977). 

The relationships between stocking density, carrying 

capacity and water supply rates were evolved gradually by 

the fish farm staff with information being obtained from 

previous experience, food conversion rates and observations 

on fish health. It appeared evident that for 8m diameter 

tanks, the maximum amount of food that could be fed without 

kg/day 

00 415 

  

Hence tanks were stocked so that they were fed a maximum 

z F woe cei et 
of 25 kg/day with a minimum water supply of 113 lmin . 

ecauss feeding rate at a constant temperature decreases Ww 

with increasing fish size (Appendix TI), the tank biomass 

in each size group increases with increasing fish size. 

81Z¢e, or 
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is illustra—  
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production rates obtained in Chapter 2, 

The limiting factor at this stage was considered to be 

Suspended solids, because a high visual concentration of 

solids was associated with a reduction in feeding response. 

Hence experiments were conducted on the main rearing tanks 

om the relationship between water supply, water quality 

and possible limiting factors. It was not considered 

.- feasible to conduct these experiments on small scale tanks 

because the formation of suspended solids may have been 

adversely affected and hence tests were conducted using the 

main rearing tanks. 

5 ts rd
 ‘ay
 

fe So
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were taken prior to each feed and the following analyses 

made - BOD, nitrite-nitrogen, suspended solids, total non 

filterable residue (suspended plus settleable solids), 

total ammonia-nitrogen,pH and free C0, using the techniques 

described in Appendix I. Samples for bacterial analysis 

were collected at one and two hourly intervals respectively. 

The fish were fed normally and at each feed the feeding 

-response was estimated using an arbitary scale ranging from 

O - no feeding response to 5 - a good feeding response. 

The water was restored to 114 1 min! at 15.30 hours 

once the fish had stopped feeding, the latter being assumed 

to be caused by acute stress. 

  

The results of suspended solids, non filterable residue, 

  

  

    

WATER FLOW REDUCTION BXPERIMENT 

0 % Distrioution 
me pseudomonads myxo others 

09.45 43.2 48,000 a5 5 O 
10.15 6.8 
14045 1166 
42.45 18.4 
13.350 18.0 80,000 50 50 0 
44.30 16.8 
15.30 23.6 108,000 35 5 
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The concentration of metabolic products increased once 

the water flow had been reduced (Figs. 3-1 to 3-3). The 

feeding response did not decline until the thind feed at 

11.15 hours and by the fifth feed at 13.30 hours, the 

feeding response was minimal and the fish appeared stressed, 

lethargic and congregated at the inlet, forming bends within 

the tank. 

The solids did not increase sigificantly until the 

sixth feed at 15.30 hours, these solids consisted mainly of 

settleable solids rather than suspended solids. The total 

ammonia concentration increased from the first feed at 

  

he experiment corresponded to an unionised 
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DISCUSSION 

The fact that suspended solids increased only after 

the fish had ceased feeding suggested that some other 

parameter may be limiting. Indeed, the solids may increase 

because the fish had stopped feeding, resulting in fragmen- 

tation of food and increased solids levels. 

Unionised ammonia concentrations were well below the 

limiting threshold and unless a complex interaction between 

other chemicals occurred, it seems unlikely to be a limiting 

factor, 

Th The information on BOD and bacterial levels and their 

effects upon fish is limited. The effects of BOD upon 

oxygenation concentration at Low Plains is minimal because 

high oxysen concentrations are maintained by oxygenation. 

Bacterial levels increased by 225% but no conclusions can 

be made because of insufficient data. 

    

water use at Low Plains. 

  

ed
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concentrations obtained in Experiment 1, whilst not increasing 

the concentration of other pollutants. 

MSTHOD 

The fish in the previous experiment exhibited a decline 

in feeding response when the pH started to fall below 6.25 

or the free oO, rose to between LO to 50 mg an Hence S05 

was dosed into a production tank from a gas cylinder to 

‘ produce a free 505 concentration of 40 to 50 mg ie The 

water flow was kept constant to minimise the ¢ffects of 

other chemical changes and the tank was fed according to 

estaolished routines. 

Feeding response, pH, C055 total Ne,-1 3 NO5-N and 

suspended solids were monitored prior to and during the 
tay

 experiment and the results given in Table 3-14 and igs 

  

  

w 

0.01 mg i NO,-N and variations in total ammonia and 
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these levels of 00, (Eddy and Morgan,1969) when feeding 

response is restored, prolonged exposure causes the 

development of a kidney disorder, nephrocalcinosis (Smart, 

personal communication). 

Hence high C05 concentrations are probably the factor 

limiting water utilisation at Low Plains. 

CONCLUSION AND SUMMARY 

Current production output from Low Plains is limited 

by high concentrations of carbon dioxide in the rearing 

tanks. In certain instances nitrite can accumulate to 

concentrations that have 4 physiological and possibly 

chronic effect upon the fish, though nitrite formation 

to the lack 

  

monia. Further 

work is required on the formation of nitrite and its long- 

  
solid concentrations are reduced. There is also evidence 
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Control of oO, and suspended solid concentrations and 

reuse of the water are considered in Chapters 6 and 7. 

Str 

  

gent effluent standards can limit the amount 

of water use attainable at Low Plains and the implication 

of effluent standards are discussed in Chapter 4. 

The water quality criteria for fish culture have to 

be developed progressively from available information. 

Sconoiex interactions can occur between dissolved substances 

and although pilot scale experiments can provide valuable 

information, the "fine detail" has to be determined on a 

large scale.



 



LAGOONS, L&AGOONING AND EFFLUENT DISCHARGE CONSENT 

STANDARDS AT LOW PLAINS 

Hd
 i ied ct 4 Legoons and Lagooning 

Introduction 
Description of Treatment System 
Methods 
Results 
Discussion 

lagoons 1, 2 and 3 
Lagoon 4 

  

     

t ” 3 2, D 3 

    

O
2
o
O
K
 

@ 
Q
8
B
W
e
 

  



93 

PART IT 
  

LAGOONS AND LAGOONING 
  

Introduction 

The purpose of this work was to assess the performance 

of the lagooning system at Low Plains and the effect of 

season upon water quality and treatment ability. A water 

treatment system is necessary to produce an effluent that 

complies with the Water Authority discharge consent 

4 2 1 
standards of 10 mg 1 BOD, 10 mg 1 suspended solids 

= 5 aes = 
and 3 mgl ammonia-nitrogen with a pH range of 5-9. 

Description of Treatment System 

The treatment facilities at Low Plains consist of a 

  

deed off settled solids that accumulated in the 

ase of each level control unit. In Spring 1976, this 

procedure was discontinued and the settlement pit now 
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through the remaining lagoons. The physical characteristics 

of the lagoons are given in Table 4-1. 

Until March 1975, 3900 m? @-' of water was abstracted 

from the boreholes; this was then increased to 4480 m? av 

until May 1976, when abstraction was finally increased to 

5100 m> a7. 

Between December 1974 and October 1975, the majority 

of the farm was commissioned, including 20 rearing tanks 

and two fry production areas. The increase in fish stocks 

held at Low Plains during this period is shown in Fig. 4-2. 

hy or the normal production output of 90 tonnes per annum, it 

is necessary to hold an average standing stock of up to 4O 

tonnes of fish. 

The lagooning syster period of $0 wo 8 O° 3S b ct
 

O° 5 oO a a GS 8 fe 5 oa
 ct
 

fe o 

stock increase an 

  

yses conducted by 

  

2. Outflow from lagoon 4 

3. Outflow from lagoon 2 

4. Outflew from legoon 3 

 



    

             
   

OF 
a
s
a
r
e
y
o
s
 

tq 

  

a 

1
 
u
o
o
Z
e
y
 

 
 

2 
F
t
d
 

P
u
e
w
s
T
y
I
9
5
 

   
 

  

e
T
B
D
S
 

07 
J
O
N
 

dtd 
JueweET 

339s 
 
 

 
 

+ 
woo8eT 

   

= 

  
  

  
  

 
 

j-Pcl 
fob 

  
 
 

SUCOTCT 
J
W
o
u
z
e
o
a
L
 

pus 
WoyStG 

JUCMSL}} 
0g 

JO 
WeadeTG 

bot 
S
t
e



DIMENSIONS AND RETENTION TIMES OF THE LAGOONS WHEN 

ABSTRACTING 5100 i ar) FROM THS BOREHOLES 

  

i 304 2.0 602 8.55 9.5 0.12 2.88 

2 346 7-0 34.6 7+5-10.5 0.07 41.68 

3 S54 2.0 662 7-0-1325 0.13 3.12 

4 5336 2.0 40672 5.5-18.0 2.09 50.16 
  

Total 6314 42282 2.44 57.84
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Fig. -4-2 Total Fish Biomass held at Low Plains 

During 1975 
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oxygen and temperature were determined using the methods 

in Appendix I. 

Further data from sample site 5 was obtained from 

a 
routine analyses made by the North West Water Authority. 

Results 

The results of the survey on the performance of the 

lagooning system is given in Tables4-2 to 4-6 and Figures 

4-3 to 4-6, 

Table 4-2 indicates the character of the effluent from 

the fry production areas and Tables 4-3 to 4-6 tabulate 

the results of analyses at the outflows of lagoons 1, 2, 

3 and 4 xr pectively. o a 

  

fhe composition of the effl Hy at 
Piusn 

  

ct y wo North West Water Authority, is 
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CHARACTER OF THE EFFLUENT FROM THE FRY PRODUCTION ARSAS 

  

Month Temp Oxygen 
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CHEMICAL ANALYSES, EFF LUSNT FROM LAGOON 4 
  

  

Total Nitrite 

  

ees & aon cme ocan 4 

pH Solids ,- 4-1 gen emp Oxygen 

me lee NO-N, % <5 ng c 

  

ee 
  

  

Dec 6.85 465 6.8 0.7 nd 8.0 go 

(Jan 6.94 2.0 - 0.69 nd 8.5 H 

(Feb 6.75 8.0 . 2. nd 8.5 100 

(Mar 6.74 7. . 1. 46 - - 

32 8.5 106 
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ey 1 

I Jun ~ 5 4 5 - = - 
bY Tu 6.40 espe. : 45 - _ 
“(Aug 6.42 4.0 10. 1.3 20 9.5 102 

(Sep - 10.8 13. Ba nd 9.0) 446 

t 3.0 20. 2.7 7 - - 

5.8 - 2.6 15 9.5 = 

6.0 13.5 Ze 20 - - 

5.8 17.0 4.2 20 - - 

5.2 24.0 4.8 35 = = 
5.0 16.0 3.7 40 10.0 92 
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CHEMICAL ANALYSES, EFFLUENT AT OUTFLOW LAGOON 2 

104 

  

Total Nitrite 
Ammo- 

   
  

  

  

       ( 6. 4h oe5 7.0 4.0 25 - 

( = = = = = = 

-/ re z c - Lo 
| i 543 belt 6.2 pe} 40 - 

ee £9 20 zo 5 z Ae 
| (Sun 6.4.2 2.0 3.0 2o7 30 4065 

Dec 6.98 = - 18 Ted Si 

Jan 6.98 - - 418 8.5 95 

Beb 6.85 - - 46 8.0 98 
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Apr 7.05 6.0 6.0 47 8.5 105 

A May - 329 3.0 - - - - 

Ke Jun - 6.0 DoD - - - - 

kXdul 6.50 3.6 sel has He) - - 
{Aug 6.57 B66 Bolt 4.8 5 40 30 
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Oct 6.55 508 5.2 5.4 42 - - 

Nov 6.55 9.8 7.6 2.8 4o 9.5 - 

Dec 6.44 5.5 5.6 2.9 ) = = 
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TABLE 4-6 

CHEMICAL ANALYSES EFFLUSNT FROM OUTFLOW LAGOON 4 

i.e. DISCHARGE TO BLACKRACK BECK 

  

  

  

  

  

  

Suspen- Total Nitrite 
ded. BOD Ammo- WNitro- 

DG: Solids ta nia gen Temp Oxygen 

= qey me NH, -N  -NO,-N % % . agi" ago g jaz / 

7.06 5.0 2.8 0.9 uy 7.0 98 

7-54 45 = 0.57 28 ees 25 

Took 11.8 ted 4-7 25 6.5 83 

7ath 6.6 3.4 1.3 22 - - 

7.58 8.5 5.9 1.0 87 Teo. Ate 

- 44 12.5 Aaa 50 ~ - 

- 24 44.5 ~ - - - 

7.05 15 9.8 0.6 450 - - 

8.24 21.4 12.6 0.8 465 414.0 128 

- 15.4 8.4 2.8 60 40.5 4102 

3.6 18 a2 55 - - 

4.2 = 365 gO 955 = 

4.0 6.0 2.8 70 - - 

5.78 840 9.8 3.05 u5 es - | 
| 

[ e = % a 3 2 | 
Tout 6.4 22 4.0 4O = = | 

9.16 ah 18.6 Ved 400 - - 
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TAB. Es 

COMPOSITION OF THE FEED WATER TO THE LAGOONS CALCULATED 

FROM POLLUTION PRODUCTION RATES FROM MAIN REARING TANKS 

AND COMPOSITION OF SFPFLUENT FROM THE FRY REARING AREAS 

  

  

   

    

From | From Fry Overall 
Tanks Areas Composition 

Suspended Solids mg 171 9.4 3.0 9.3 

Dissolved Oxygen % 400 400 400 

pH 6.5 6.6 6.4 

NOz-N mg ls! Bu 2.3 3.4 

0.02 nd nd 

485 41156 4.2 

4.0 0.1 O06 

17 6.0 14.8 

38 20 34.4 

Set 28.8 0 25 

CoD 27 

Cl: 12 

62 

& aii | 7 
Hardness (as Caco) mg 1! 55 

Sulphete mg 17! 20 
Tron 0.5 

So 10 

‘a : 4086 4014 5100 
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Discussion 

Lagoons 1, 2 and 

The three snall lagoons act principally as settlement 

units. Lagoon 1 removes faecal and settleable material 

from the 20x8m diameter tanks and reduces the suspended 

solid content by an average of 35%. Further suspended 

solid removal in Lagoons 2 and 3 is limited. 

The @ffect of lagoons 1 to 3 on total ammonia concen- 

tration (Fig. 4-3 a, > and c) is negligible. In some 

instances increases in ammonia have been recorded between 

the inflow of lagoon 1 and the outflow of lagoon 3. This 

has been attributed to the release of ammonia from bottom 

deposits which have been o mown to be nitrogen rich (Chapter 

8). 

  

The oxygen concentrat 

  

within the 

though this deficit is replenished by the water 

   emoval, with 

lagoon 1 receiving the main proportion of the solids.
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Lagoon 2 is also used to hold excess stocks of fish and 

Lagoon 3 is used as a holding pond for brood stock. The 

dual use as settlement ponds and stock holding areas is 

not desirable and may have attributed to the occasional 

increases in total ammonia and suspended solids noted 

between Lagoons 2 and 3 during the sampling period. 

Lagoon 4 

The effect upon the effluent of Lagoon 4 is seasonal. 

This is best illustrated in Figs. 4-7 and 4-8. During the 

winter, some BOD and suspended solid removal occurs so that 

the consent standards of 10 mg 1g suspended solids and 10 

mg ee BOD are attained. However, no ammonia removal takes 

place and consequently the discharge consent standards are 

violated. 

olooms occur, which increase 

the suspended solids and BOD above the 10:10 standard (Figs. 

). Ammonia removal takes place andwas reduced 

a , a “4 ae 7 
to a concentration of less than 3mg1 . The intensity of 

  

Ammonia removal is not usually associated with lagooning 

(Departm 

  

   
up to 507
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At Low Plains, pH levels of this order have occurred 

due to peak algal activity, but ammonia removal has also 

occurred at between pH 7.0 to 7.5. This means that only 

0.79% of the total ammonia is present as unionised 

ammonia (Trussel,1972) and it is enn 1eeay ei pd Picene 

ammonia removal would occur at these pH levels due to 

volatilisation of unionised ammonia. 

Other sources of ammonia removal are nitrification 

and algal uptake. Nitrification is dependent upon 

pacteria, the rate limiting step being due to Nitrosomonas 

sp. which convert ammonia to nitrite. The nitrite is then 

converted to nitrate by NitrobaCter sp bacteria. It was 

originally considered that nitrification was inhibited by 

presaic carbonaceous material (Eynes,1960) but more recently 

ac it has been shown that simultaneous oxidation of carbon- Be
 

aceous material and nitrification can take place in activated 

Manka 
tants wo ei A on o re}

 

'g roviding the sludge concentration is high 

(Dickinson ,1974). 

the am © 5 5S oO
 ry
 

Bp » = n b bb
 fe oO
 

po
 z “ oO
 

8 ct
 

oy
 S S oO
 

Q
 8 5 a
 

  

urface substrate suitable for Y is dependent upon the 

1 growth and the amount of bacteria maintained 

in suspension. Both sources are limited when compared to 

   

    

tions in lagoon 4 occur durin 

cannot be correlated with an
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During winter, when algal activity is reduced, no 

major increase in nitrate content was observed, though 

nitrification would also tend to be limited by low pH 

and temperatures (Fig. 6-14). Denitrification may 

also obscure the formation of nitrate. This process is 

dependent upon bacteria and occurs mainly at the mud/ 

water interface (Department of Environment ,1973; Toms 

et_al,1975). It is difficult to assess the effect of 

denitrification without conducting a full nitrogen 

balance study, which was not done. 

hey
 

rom circumstantial evidence, it appears that the 

main source of ammonia removal at Low Plains is by 

algal uptake. This is in variance with Tom8 et al 
  

(1975), who found that algae had little effect upon 

ammonia concentrations in lagooning systems. However, 
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reduce concomitantly with algal blooms and mass fish 

mortalities have never been observed in this lagoon. 

The maximum water quality standards recommended for 

fish culture in Chapter 3 may be exceeded in lagoon 4 

during certain periods, mainly for the parameters 

unionised ammonia and nitrite. The highest unionised 

ammonia concentration recorded was 0.417 mg a » although this 

_is above the recommended limiting threshold it does not 

9 ppear to have caused any deaths in the population of 

fish in lagoon 

  

Oxygen 

During summer, lagoon 4 becomes supersaturated with 

oxygen. 

morning m 

    

the srowth of sewage fungus which formed a blanket over any 

stable substrate in lagoon 1. During the winter months, 

which were   
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Limited growths of sewage fungus also occurred in 

lagoon4 =jibelow the outfall during winter. Sewage fungus 

occurs in these situations because the growth of the natural 

slime community that occurs on all rock/plant substrates 

in water tends to be stimulated by the presence of organic 

and inorganic materials (Curtis,1969). Therefore, this 

growth was probably due to a dual effect of reduced 

competition from other species and in increase in food 

of the slower decay of organic material wo supply becaus 

in winter. 

   

Submerged aquatic macrophytes have not become establi- 

shed in the lagoons. This is. due to the low light intensity 

caused by the turbidity of the water. A floating macrophyte 

Lemna minor occurred in 1975 and covered the majority of 
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trophic state to the inorganic and organic solids 

released into lagoon 1. 

The effect of an effluent rich in algae on the 

receiving water will depend upon the amount of dilution, 

the turbidity and whether the algae continue to grow or 

die. If the receiving water is shallow and not turbid, 

then the algae can continue to grow and photosynthesise 

. The water authority have expressed concern about the high 

BOD that accompanies high algal solid levels and the effect 

upon the oxygen balance of the receiving water. This BOD 

arises from the respiratory demand of the algae, but under 

natural conditions, some oxygen will be produced by photo— 

synthesis. 

Toms et_al (1975) showed that under standard lighting 

conditions, the amount of oxygen produced by algae was 15 

  

minimal. 
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ish 

  

  

Lagoon 4 supports a heavily stocked, thriving fishery 

which feed on a variety of obtainable food. Daphnia, 

cyclops, simulian larvae and chironomid larvae have been 

identified in the gut contents of these fish. Mass fish 

mortalities have not been observed in these lagoons and 

the fish grow well and appear to be in excellent condition. 

  

Conc 

fective at settling ry
 

The lagoons at Low Plains are e 

suspended solids and removing a proportion of the BOD 

produced by the fish. 

time is greater than    
    Although this is
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PART II 

ERFLUENT DISCHARGE STANDARDS 
    

Standards as distinct from criteria are limiting 

values laid down by legislation and arrived at by 

compromise between competing demands. Discharges from 

fish farms are classified as trade effluents because 

they contain waste products and hence consent for 

“discharge is required from the relevant Water Authority 

(Turner, 1977). 

  

affluent disposal is currently controlled by the 

Rivers (Prevention of Pollution) Acts 1951 to 1961. 

These acts will eventually be superseded by the Control 

of Pollution Act 1974, but for the present, Section II 

or economic reasons. 

  

In order to control discharges, consent conditions 
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to the nature, quality and volume of the effluent, the 

condition of the receiving water and the amount of 

dilution provided by the recipient water. 

The major factor in establishment of these standards 

is the effect upon the receiving water. This is currently 

based on a classification scheme (Department of the Envir- 

onment ,1972) which divides rivers into four basic catagories 

Class 1 Rivers unpolluted or those which have 

recovered from pollution. 

Class 2 Rivers of doubtful quality and 

needing improvement. 

Class Rivers of poor quality reauiring 

ct
 

ct
 as a matter of    
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to cover effluent discharges from farms. A draft report 

was published in 1974 and proposed standards based on 

the mass of BOD, suspended solids and ammonia discharged 

per day, rather than concentration standards as used in 

Surope. However, the EPA standards were based on two 

erroneous assumptions:— 

1. that certain carrying capacities could 

not be exceeded (biomass of fish per 

unit volume of water flow), 

2. the total ammonia concentration that 

could be tolerated in salmonid culture 

units was 0.5 mg asl, 

This document is currently being revised and should 

be published in late 1977. 

The European Community has recently proposed a 

  rivers in the United Kingdom would be classed as 

 



e.g many of the Scottish salmon rivers would fail the 

pH guidelines. 

The natural environment has a capacity to sustain 

and remove a limited amount of pollution. Legislation 

which restricts the use of this capacity would result 

in massive capital expenditure to upgrade effluent treatment 

plants which are currently causing minimal environmental 

. damage. Central legislation is not realistic for 

environmental control. 

EFFLUENT STANDARDS IN FISH FARMING 

The discharge consent standards for the Low Plains 

farm (up to December 1977) was 10 mg 1 BOD, 10 meg a 

171 total ammonia-nitrogen and a 

for a maximum water flow of 6810 

    

The South West Vater Authority 

  

-1 rr 
OO. me 2 total ammonia,     

@ trout farm utilising 

    

southern river.    
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The average composition of a trout farm effluent 

with no supplemental oxygenation or aeration can be 

calculated. One tonne of 50-100g rainbow trout require 

4000 mn an, of fully oxygen saturated water to satisfy 

the metabolic oxygen demand, (Table 1-1 ). Assuming a 

feeding rate 1.4% of body weight per day, the composition 

of the effluent can be calculated (Table 4-9) using the 

production rates obtained in Chapter 2. 

Table 4-9 

Composition of Effluent from Trout Farms with no 

Reoxygsnation 

PPI Effluent Composition Calculated Using 

Low Plains Pollution Rates 

  

    

Total Ammonia NH, -N 0.5 meg 1! 

BOD 4.96. * 

or fish per 

y of about 

biomass. 

i suppo k same 

proximately 5000 2 ant, hence the vollutants 

 



IMPACT OF THE LOW PLAINS EFFLUENT ON BLACKRACK BECK 

The effluent from Low Plains is discharged into 

Blackrack Beck. Prior to the construction of the farm, 

the beck was an agricultural drainage channel receiving 

water from seasonal springs and drainage from the catch- 

ment area. The beck is now a constantly flowing stream 

receiving at least 5000 mn a7t throughout the year, 

The continuous flow prevents stagnation and the 

scouring action limits the establishment of aquatic 

macrophytes, which had previously proliferated in winter 

months. The beck is a tributary of the River Petteril, and 

the confluence point is some 35.3 miles from the fish rarm, 

The veck is now a nutrient rich, constant flowing stream 

typical of many lowland agricultural areas. 

nter Variations 

    

ittle damage can occur to the 

  
settlement of solids or deoxysenation of the beck. The
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fast Plow of the stream also assists in this respect. 

Sewage Fungus 

Limited outbreaks of sewage fungus have occurred in 

Blackrack Beck since the farm was established. These 

have been confined to the leaves of submerged vegetation 

and at no time have smelled or appeared unsightly. The 

extent of the outbreaks have been confined to about 300m 

“below the outfall. 

The objection by the Water Authorities to outbreaks 

of sewage fungus is mainly aesthetic. It has been shown 

that under certain circumstances, sewage fungus can 

increase fish production by providing food and shelter 

for organisms eaten by fish such as chironomid larvae 

Technology,1969). In addition, the occurrence 

of sewage fungus does not seriously affect the oxygen 

balance of the water (Curtis and Harrington,1971). 

  

evelo pu
 In summer, areas of attached filamentous algae 3 

in the beck which consist of Ulothrix, Stigeoclonium and 

  

very high biomasses and result in 

The rapid flow of Blackrack Beck tends 

  

enation effects. 
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Beck between Low Plains and the A6, a distance of 2000m. 

The problem was due to long years of neglect and 

accumulation of macrophyte growth, The beck was 

excavated along this length in 1975 and the improved flow 

now provides a scouring action which limits macrophyte 

growth, 

The major plants which have become established since 

excavation are Callitriche platycarpa (Starwort), a 

species that is normally sensitive to discharges of organic 

effluents, Veronica beccabunga, Rhorripa nasturtium aquatica 

and Myosotis aquatica. 

Insect Fauna 

The insect fauna for about 400m below the outfall is 

indicative of nutrient rich conditions with dominant 

   

£ fo be
 wo
 

populations of mulium larvae. Down stream a gradu 

  

backs, e¢1s and elvers have also been observed, together 

with brown trout down stream. 

  

The effluent has raise 

y Llowin, 0a
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stream. The lower reaches of the beck were suggested as 

a nursery stream for brown trout by the North West Water 

Authority ee 1975. During the 1976 drought, the water 

from the beck was used by at least two farmers for 

irrigation and supplied a substantial proportion of the 

water flow in the River Petteril. 

THE PROBLEMS CAUSED BY EFFLUENT STANDARDS 

The Low Plains effluent has failed to achieve the 

discharge consent standards in 20 out of 26 analyses. 

In the majority of cases, the degree of violation has 

been marginal. A major problem with effluent standards 

is inflexibility, the "9 is good, 11 is bad" syndrome 

is well recognised (Anonymous ,1976). 

The dilution effect of the beck at the discharge point 

is minimal for the majority of the year and hence the 

effluent from Low Plains constitutes the majority of 

flow in the upper reaches. Therefore, the effluent 

standards of 10:10:3 place the beck in a Class 3 category 

according to the river pollution survey of 1972 (Depart- 

ment of the Environment, 1972). 

However, since this classification is based on BOD, 

anomolies can arise. Firstly, the BOD test is conducted 

at 20°c, but since the Low Plains effluent has an average 

annual temperature of 10°C, the effective BOD will be 

considerably reduced. Secondly, the BOD (and suspended 

solids) in the Low Plains effluent can be attributed 

mainly to algae, and hence the effective BOD will be 

reduced because of contributions of oxygen by photosynthesis 

(Toms et_al,1975). 
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The ammonia standard is also subject to criticism 

as it is based upon the concentration of total ammonia 

as opposed to unionised anmonia. If the effluent was 

discharged at 5 mg ‘lime BOD, 5 mg fs! suspended solids 

and 3.0 mg 17’ total ammonia at a pH 9.0 (at 10°C), then 

although the effluent would be considered satisfactory 

by the Water Authority, it would in fact be acutely 

lethal to salmonids because the unionised ammonia 

oncentration would be 0.47 mg i NH,-N. 

In formulating standards for the environmental 

safety of Blackrack Beck, the degree of protection 

necessary should be considered. Prior to the discharge 

from Low Plains, the beck had only an intermittent flow 

and therefore could be considered to have a negligible 

amenity value. The constant flow it now receives increases 

but because of local topography, it 

  

recrea ef
 

nw ° 3 9 a5
 

o 8 o @ 

   
The present discharge from Low Plains causes ea limited 

amount of pollution which cannot be considered unacceptable. 

  

    4uth ority     
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The problems and costs associated with the discharge 

of a fish farm effluent into rivers and lakes was a major 

factor in the selection of a marine based salmonid site 

as the second major production unit. 

Effluent standards aim to create equal conditions, 

but because of these standards, many ideal freshwater 

sites cannot be exploited. This results in a valuable 

_ Waste of natural resources which could be used for food 

production. A slight relaxation and toleration of low 

level pollution would allow utilisation of these resources. 

RENEGOTIATION OF SFRLUENT STANDARDS FOR LOW PLAINS 

It is proposed that the conditions of consent could 

be revised without adversely affecting the beck. The 

maximum concentration of the effluent would be:- 

   

  

BOD 10 30 mein! 

ded Solids 40 20 ab 

fotel Ammon: (as N j ZO ”" Total Ammonia (as N 4.0 3.0 
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Relaxation of the effluent discharge standards to 

the proposed value would allow development to continue 

at Low Plains, without large amounts of capital being 

invested in alternative treatment equipment (see Chapter 

7). 

CONCLUSION 

The current effluent discharge consent standards of 

40:10:3 are stringent and relaxation to the proposed 

summer/winter standards would adequately protect the 

beck. 

Although effluent treatment equipment could be 

installed to achieve the 10:10:3 standards, the conditions 

in the beck would probably not improve because filamentous 

algae would still occur due to the nutrient rich conditions. 

The effluent degrades the biological status of the 
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OXYGEN UTILISATION AT LOW PLA 

GENERAL INTRODUCTION 

  

Part I Oxygen Consumption of Rainbow Trout at 

Low Plains 

Page No. 

Factors Influencing Metabolic Rate 134 
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AL INTRODUCTION 

In early 1975, the consumption of oxygen was noted 

to be 5 to 6 times higher than budgeted estimates. 

Investigations were immediately instigated to determine 

the reasons for this excessive consumption. After 

eliminating the possibility of major gas leaks, 

information was required upon:- 

(a) the metabolic rate of the fish grown 

under Low Plains conditions, 

(b) the dissolving efficiency of oxygena- 

that time.    
ary investigations 

upon
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PART I 

OXYGEN CONSUMPTION OF RAINBOW TROUT AT LOW PLAINS 

Most measurements on the respiratory metabolism 

have determined either the standard (resting) or active 

metabolic rates (Brett 1964). In addition, in order to 

give reproducible results, starved fish are normally 

used. However, farmed fish are neither consistently 

aoe ee persistently active or constantly starved, 

hence information upon the metabolic rates of the fish 

under Low Plains conditions was required. 

Factors Influencing Metabolic Rate 

abolic rate ct
 

  

variety of factors, 
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body weight per day would have respective oxygen consumption 

rates of 0.229 and 0.098 g kg fish hr’. 

Brett (1964) noted that the oxygen demand of fish 

increased logarithmically with increasing water velocity 

(activity) at a constant temperature. No details of 

swimming speed or water velocity were provided by Liao 

(1971) or Willoughby etal (1972). 

At Low Plains, the fish have to swim against a 

current which is provided to ensure tank cleaning and 

water mixing (see Chapter 6). The temperature in the 

tanks is relatively constant throughout the year and 

or variation that occurs in metabolic hence the only ma 

  

io ct co
 0 ct Ke S ho fe so ts by w 

Oxygen consumption me     
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Method 

Determination of fish oxygen consumption was made on 

several different sizes of fish. The method involved 

selecting a tank and recording the total biomass and 

average fish size from farm records. The fish in the 

tank were then subsampled by weighing five separate net 

hauls (approximately 2 kg), taken from different parts of 

- the tank and counting the number of fish in each sample. 

The average weight obtained was used to update farm 

records. 

The inflow water, temperature, the level of water in 

the tank and the velocity of the tangential current at 

tank periphery were also noted. 

  

The dissolved oxygen concentration was allowed to 
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Calculation 

The gradient of the decline in oxygen concentration 

against time was obtained from the recorder print-out. 

A typical result is shown in Fig 5-1. 

The amount of oxygen consumed by the tank can be 

calculated by:- 

Z\po = T=m _ x S x ¥_ x 60 Eq 5-2 

40? 

7 = g Oy hr 1 consumed by fish biomass 

in the tank 

m = %& min’, rate of decline of oxygen 
concentration 

Vv = 1, tank volume 

S = mg cir concentration of oxygen, 
soluble in water, in eouilibrium 
with air 

Z\DO = T when the oxygen supplied by the 
sparger is zero 

A series of corrections have to be made for tank 

volume, contribution of oxygen by the inflow water and 

variation in saturation concentration of oxygen:- 

1. Correction for Tank Volume 

For an 8m diameter tank, the volume to 

the tank lip is 27,4801, for every 1 cm below 

this lip the volume is reduced by 4601. The 

fish can be considered to be neutrally buayant, 

hence 1 kg fish displaces 11 of water ; 

OVin =a =D=B | aBals=3 
where vi = 1, tank volume at full capacity 

D = 1, correction factor for when water 
level is below full capacity 

kg, fish biomass B
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2. Oxygen Saturation 

The solubility of oxygen varies 

according to temperature, pressure and 

salinity. A correction for pressure or 

altitude can be made using 

4 
S = SeP Eq 5-4 

760 

S = solubility at barometric 
pressure P, mm Hg 

gi = solubility at 760 mm Hg, mg iv! 

The solubility of oxygen at different 

temperatures and salinities can ode obtained 

from Table 5-2 (APHA,1971). Hence for an 

average Low Plains temperature of B.5°C, 

the solubility of oxygen in equilibrium 

with air at 760 mm Hg pressure is 11.65 

—1 
MS A= 6: 

  

bec    
normally 

  

of this oxygen oO 

  

I iss- 

(Sais Bg 5-5 

I = gO, nr! 

Ge =e ion inflow 
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TABLE 5-2 

SOLUBILITY OF OXYGEN IN WATER EXPOSED TO WATER 

SATURATED AIR (FROM _APHA 1971) 

Chloride Concentration mg au Difference 

Cc 0 5,000 10,000 15,000 20,000 per 100 mg 

o 

  

14.6 Adee 13.0 1264 

14.2 13.4 12.6 41.8 

13.8 13.4 12.3 1165 

43-5 1207. 12.0 a tae 

13.1 42.4 TY 11.0 

0.017 

0.0146 

0.015 

0.015 

0.044 

- 
0)
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ae 

Seas 4204 Ade 10.7 40, 0.014 

OV tea 44158 Ved 40.5 : 0.014 

Tt ree ee am the 5. 10.9 10.2 0.043 

6 44.9 4402 10.6 10.0 9.4 0.043 

9 ad6 11.0 40.4 8 9.2 0.012 

(oo feo eho 40.4 6 9.0 0.012 

4e1Geiey titer 10.5 9.9 9.4 8.8 0.041 

12) eA Oe 10.3 9.7 9.2 8.6 0.044 

43 40,6 40.04 9.5 9.0 B65 0.044 

44 “4O.U, 3.9 9.3 8.8 ayy 0.040 

45 S4002.. = 9.7 Ge 8.6 B44 0.010 

16 40.0 9.5 9.0 &.5 8.0 0.010 

AY Ge7 $3 6.38 8.5 728 0.010 

18 9.5 964 6.6 esa 7e7 0.009 

ao 9.4 6.9 ie 8.0 tee 0.009 

20 9.2 Bar Cae Wire| ele 0.009 

24 g.0 8.6 8.4 isin Tice! 0,009 

22 6.3 Bk 3.0 7-9 Tot 0.008 

25 a7 8.5 7-3 Teh A) 0.008 

ak S35 Sed Ret TS 6.9 0.008 

25 8.4 8.0 7.6 ee 6.7 0.008
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Hence total tank demand, Tp =3 

t. = T+I gO, hr’ Eq 5-6 
D 2 

The fish consumption is given by:-. 

Oc =. Tp Eq 5-7 
B 

Oc = oxygen consumption ¢ xen! fish nr! 

B = fish biomass kg 

Example 

Oxygen gradient 2. 2h% min’! 

Fish biomass 4402 kg 

Average fish size 7h g 

Inflow 420 1 min™! 

Operating depth 
below lip 5 cm 

Water temperature 8.5°C 

8m dia. tank (No. 
20), volume 27,460 1 

From £q 5-3 water volume 

NW Vv 27,480 - (460 x 5) - 1402 

23,778 1 

¢. Tank demand, from Eq 5-2 

23,778 x -2.2h x 11.65 x 60 x 107° 

372 g O05 nr! 

Tr 

Inflow contribution, from Eq-5-5 

420 x 11.65 x (A922) x 60 x 10> 
1 25.2 g 05 hr- 

ve Ty = 397 2 05 hr- 

and Oc = 397 = 0.283 g 0, nr! kg! fish 
4402 

*. The oxygen consumption of 74g fish at 8.5°C was 

0.283 ¢ 0, kg! fish hr. a : 

I 

4



Results 

The oxygen consumption rates of a range of fish 

. ° : * 
sizes at a water temperature of 8.5 C are given in 

Table 5-3. 

TABLES 5= 

OXYGEN CONSUMPTION RATES OF VARIOUS SIZE 

8.5°C IN _ TANKS AT LOW PLAINS 

wa
 

(e
) Fj by He wd
 

ta
e ts»
 a 

  

  

CO eae Sa oe ec Range Number of 
aa g 05 ke" Te & 05 kg"! hr-1| Results 

45 0.37 cS 4 

20 0.42 0.39 - 0.49 5 

2k. 0.39 - 4 

38 0.29 S 4 

uz 0.256 0.25 - 0.26 3 

53 | 0.245 0.235 = 0.27 4 

62 0.2h6 0.11 -.0.30 42 

74 0.24 0.24 - 0.29 eS 

30 0.23 0.22 ~ 0.28 3 

430 0.16 = ; 

155 0.19 - 1 

|      



Discussion 

Accuracy of Fish Oxygen Consumption Measurements 

The major errors involved in this type of calculation 

are determination of fish biomass and tank volume, both of 

which have been calculated as accurately as possible. 

Hutchinson (1957) demonstrated that the amount of 

oxygen transferred across an undisturbed water surface 

by molecular diffusion was insignificant. In fish tanks, 

the water surface is moderately disturbed and movement of 

oxygen across the air-water interface can occur by mass 

transfer along a concentration or partial pressure 

gradient. This was expressed by Boon (1975) as:- 

Cl =o hs A ~ a ae eee 7 (C,-¢) Eq. 5-8 

Cc Saturation concentration of dissolved oxygen 

   
Solution 

er 

Co at t = 0 

Cc, at time t. 

For an 8m diameter production tank, the interfacial 

the surface 

oxygen is 7 

  

coefficient of 2.26 cm min , derived from the rate of
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solution of a continuously mixed large air bubble 

(Hutchinson,1957), the rate of transfer of oxygen 

from the air can be calculated from Haq 5-9 

2.26 x8. 5 e860 9 = 9 16e, as = g-15) 
27,000 11.65 - C, 

0.193 = loge {2:59} 
x 

te =e 2.06 

Jo 0, = 41.65-x= 8.76 mg 17! 

Therefore, the change in dissolved oxygen during an 

interval of one hour is 

AQ BO) =) 8-76 6.45 = 0.6ieme 10) wera! 

or 0.61 x 27,000 x 40? = 160.47 & O5 

new’ per tank ft 

Hence when compared to the tank oxygen demand caused by 

the fish at about 400 g 0, hr , the amount of oxygen 

° oF
 

a o Be a o roy
 

oO
 

ry © a
 

a
 

ct
 5 p 8 w Hy Oo 's ry
 8 Oo 8 ct b o po
 tmosphere is minimal 

  

fusion from the atmosphere 

it b FA oO oO
 H o a
 S because the surface is not vigorously agitated. 

aa = _ —2 /- as 
This can reduce the Kp value by an order of 10 (Hutchinson, 

  

ygen concentration is usually 
  

  

h reduces the concentration gradient. 

BOD could also be a source of error acting as an 

again this is marginal, amounting to less 

  

The overall error is difficult to determine but is 

estimated to be — 410%.



Fish Oxygen Consumption 

The average estimates of fish oxygen consumption 

are given in Table 5-3, the same results being plotted 

as log oxygen consumption against log fish weight in 

Fig. 5-2. These results are compared with oxygen 

consumption rates of salmonids obtained from other 

sources. 

The Low Plains data deviate from those of both 

Liao (1971) and Willoughby et al (1972). In both cases 

the Low Plains oxygen consumption was higher at a given 

fish size, though the gradient of Fig. 5-2 is equivalent 

to the data of Willoughby et al which was derived from 

the relationship between feeding rate and oxygen 

consumption. 

This gradient can be related to fish weight by 

ye ° u ny
 

i | constant temperature Eq 5-10 

B ut 

oa
 5 9 A ip o 5 ct 

  

Liso (1971) determined this gradient by plotting log 

?, m consumption against log fish weicht for six different 

  

Species of trout. The 

possibly account for 

this author and the 

  

etivity and 

  

etermined oxygen 
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at the inflow and outflow of fish farms. The oxygen 

consumption was then calculated from a knowledge of 

water flow rate and fish biomass and various factors 

could have caused low oxygen consumption rates:- 

4. Neither Willoughby et al or Liao indicate 

whether their data were derived from day- 

time measurements or an average 24 hour 

value. The following section (Page 150) 

demonstrates that there is a considerable 

diurnal variation in oxygen consumption 

and because the metabolic rates at Low 

Plaiins were determined between 10.00 

hrs and 17.00 hrs the resulting values 

will be high if compared to an average 

metabolic rate. 

2. The food type can influence metabolic rate. 

Increasing the protein content of the food p 
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This would cause a reduction in measured 

oxygen consumption. 

4. Fish activity is mainly dependent upon 

water velocity; if the rearing system had 

low water velocities, then the activity of 

the fish would be reduced. In comparison 

to pond culture the tanks at Low Plains 

have a high peripheral water velocity 

which could increase metabolic rate. 

5. Additional factors such as density, 

strain of fish or water quality may also 

be acting to increase metabolic rates e.g. 

gree C05 concentrations at Low Plains are 

igh and this can increase metabolic rate fey
 

(see Chapter 3). 

Although the metabolic rates at Low Plains were 

found to be hi i did not account for the high 

velocity is O0.44m sec . If 
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Diurnal Variations in Metabolic Rate 

Oxygen concentrations in the production tanks were 

noted to be high in the early morning, often exceedin, 

100% saturation and gradually fell to a low in the late 

afternoon. Because the amount of oxygen supplied to the 

tanks was constant, this suggested a diurnal variation in 

fish oxygen consumption. 

Method 

To determine the diurnal effects of metabolic rate, 

an oxygen probe connected to a pen recorder was fitted to 

& production tank, The tank was fed and operated normally 

and the time of each feed noted on the chart orint out. 
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consumption.     
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' 

Although the oxygen concentration increased to very 

high concentrations overnight, the oxygenation equipment 

did not have to supply much gas in excess in order to 

cause this increase. Between 16.00 hours on 30th May to 

Q4.00 hours on 31st May, the oxygen concentration rose by 

58% (0.107% min7!). Substituting in Equation 5-2, it can 

be demonstrated that the sparger was dissolving only 20g 

0, hrv 2 in excess of fish oxygen requirements. 

The high dissolved oxygen concentrations that occurred 

overnight due to reduced fish metabolism can be minimised 

by reducing the dissolved oxygen supply as shown for the 

period 19.00 hours to 10.00 hours in Figs 5-3. It is now 

standard practice to reduce the oxygen supply to all tanks 

overnight so that a concentration of about 400% is main- 

tained. This represents a daily saving of 40-15% of the 

oxygen used per day. 

The determination of oxygen consumption by the trout 

at Low Plains did not allow for diurnal variations in 

metabolic rate, hence the results given in Table 5-3 and 

Fig. 5-2 are possibly high. However, the results remain 

relevant because these rates of consumption are sustained 

throughout the day and consequently it is these figures that 

should be used for the design of oxygenation equipment. The 

capacity of this equipment must be sufficient to meet the 

maximum oxygen demand of the fish because the use of an 

average 24 hour rate of oxygen consumption may lead to under- 

design of equipment. 

eedacicn in between Metabolic Patan Feeding Rate and Fish 
ze 

The metabolic rate decreased with increasing fish size
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(Fig. 5-2). Tanks are stocked at Low Plains so that water 

quality and metabolic oxygen demand are relatively constant. 

This means that the tanks have to be routinely graded and 

the fish separated in distinct size groups (Table 5-4). 

  

  

Table 5-4 

Stocking Densities at Low Plains and Tank Oxygen Demands 

a 34 No. Fish/ y Oxygen Tank Oxygen 
og SS Ta. ia boad gonsumption Consumption g onnes nn = = 

x40 g 0, kg hr 0,/tank hr 

40-40 50 0.5 -1.95 0.44 -0.28 205-546 

40-100 2207 0.91-2.2 0.28 -0.24 254-L.62 

400-180 45.8) 4.58-2,.78 0.21 -0.186 331-517 

480-227 1335 2.43-3.07  ©.186-0.173 452-531 

  

  

ty
      

  

gf amount of food 

c
k
 Oo 
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The oxygen consumption rates of the fish at Low Plains 

were observed to be high but this could be attributed to 

several factors. Firstly, the method of determination 

did not account for diurnal variation in metabolic rate 

amd measurements were taken during the hours of peak 

metabolic activity. Secondly, there were environmental 

factors at Low Plains which may have caused the high 

metabolic rates. 

The metabolic rates did not account for the excessive 

Quantities of oxygen being used during 1975.
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PART IT 

ESTIMATION OF THE DISSOLVING EFFICIENCY OF OXYGENATION 

EQUIPMENT 

Tests were conducted to determine the oxygen dissolving 

efficiency of the Mark I spargers which were in use at Low 

Plains during 1975. 

This equipment is a scaled down version of proprietary 

oxygenation equipment in use at sewage works. The tests 

conducted are not indicative of the equipment in use at 

sewage works, but only applicable to the small spargers 

used for fish farming at Low Plains. 

the dilution and removal 

      

of oxygen    
air 

  

consumption.



3. A decrease in the volume of gas which 

has to ve brought into contact with 

water to achieve the required transfer 

of oxygen. 

The solubility of oxygen in equilibrium with 

atmospheric gases at one atmosphere pressure is given 

in Table 5-2 (APHA,1971). These tables are considered 

to be slightly high when compared to values obtained by 

other investigators (Hutchinson,1957). 

In comparison to atmospheric oxygen, the solubility 

of pure oxygen at one atmosphere pressure increases 

approximately five fold as shown in Table 5-5. 2 

  

Solubility of Pure Oxygen in Contact with Pure Water at 

(Camp and Meserve 

   7c 

O 69.8 

5 01.2 

40 Bs 

  

  

  

  

 



common use at Low Plains. Oxygen is introduced into the 

recirculation stream by means of a venturi injection 

system (Fig. 5-4, Plate 5-1). 

The amount of oxygen introduced is variable and is 

controlled by a gas flow meter. In order to correct the 

gas flow for different operating pressures, a pressure 

gauge is fitted, the pressure correction being provided 

. by 

= F/ik.7+ P Eq 5-12 

  

14.7 

Fp Flow rate of gas at Pressure P 

F Observed flow rate 1 min! 

iy Pressure of gas psig. 

Operational Theory of 

  

Oxygen is introduced at the venturi throat through 

a series of small holes. A combination of factors 

ineluding the amount of gas dispersed the number and 
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solution is supersaturated with oxygen in respect to 

equilibria with air. The amount of oxygen in solution 

depends not only on the purity of the oxygen, but the 

working pressure of the system. 

In 1975, two main types of introduction nozzles were 

in use as shown in Fig. 5-5 a and b. The nozzles were 

adjustable so that the oxygen-water mixture was jetted 

into the tank. Any undissolved gas remaining is subjected 

to shearing and bubble formation before dispersal into the 

tank. 

The main factors that can effect the rate of oxygen 

solution of the Mark I spargers are:- 

  

Venturi mixers require a high water to gas 

ratio in order to be effective. 

   



Fig. 5-5 Devices for Reintroduction of Oxycenated 
Water into Fish Tanks 

a) T Piece Introduction 

[7 7 
ye 4.5em 

2 
3 a 4 

= oe es = 2 - 
a ee 

re — oes 

>) Dual Piece Introduction 

  

pece el | 

eke 

  

¢) Cowled Injection (modification) 
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to dissolve in the water after formation 

of the bubbles. This is provided for by 

the length of pipe between the venturi and 

the reintroduction nozzles. 

5. Water Quality 

Water quality can influence the value of 

the mass transfer coefficient (K,) and 

size of bubble formation (Z1lis,1975). 

6. Design Factors 

Design factors such as venturi throat 

diameter, pressure losses, water velocity 

and pipe diameter can affect operational 

performance. 

The oxygen equipment was evaluated for efficiency 

of dissolution of oxygen. Some minor modifications were 

made in an attempt to improve dissolving efficiency. 

E_OTHE DISSOLVING BPSTCISNCY OF T 

  

volume, fish biomass, water flow and water 

a tank was first noted and then the fish 
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In this calculation, no correction is necessary for 

the amount of oxygen supplied by the inflow because this 

is constant during determination of the tank oxygen demand 

and sparger performance. 

Calculation 

The change in oxygen content of the tank (/\ DO) can 

be calculated by applying Equation 5-2. The amount of 

oxygen supplied by the sparger is then given by 

D = @ “LADO Bq 5-13 

where D Amount dissolved by sparger g 0, nr! 

T Tank oxygen demand ¢ O5 nr? 

Z\DO Change in oxygen content g O5 nr7! 

positive, if it decreases then DO is negative. E , 

The dissolving efficiency is given by 

  

by
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The upper horizontal axis plots dissolving efficiency 

which decreases logarithmically as the oxygen supply 

increases. At 1000 ¢ O5 nr7? the dual post sparger had 

an efficiency of 42.5%, whilst the T piece sparger had 

a 27% efficiency. 

The efficiency of the T piece sparger was subsequently 

improved by adjusting the flow distribution between the two 

nozzles (Fig. 5-9 line A) so that an efficiency of 36% at 

1000 g 0, nr”! was obtained. 

The operating costs are also included in Pigs. 5-6 

and 5-7. This was calculated from the cost of operating 

  

pump, the cost of liquid oxygen and a proportion 

of the rental charge for the liquid oxygen 

  

Depreciation was not included. 
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Balancing of Water-Oxygen Flow Between 
Reintroduction Nozzles 
  

This improved dissolution efficiency so 

that 36% of the oxygen was dissolved at 

a supply rate of 1000 g 0, new! (line A, 

Fig. 5-9). 

Spacers to Widen the Nozzle Appertures 

This increased gap G in Fig. 6-5a and 

slightly increased water flow rates 

and decreased the operating pressure 

range. This resulted in a decrease in 

dissolving efficiency to 25 % at 1000g 

0, nr’ (line B, Fig. 5-9). 

Removal of Nozzle Adjuster 

Complete removal of the nozzle adjusters 

through two 
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5. Replacement of Venturi with a Brass-Alloy 
Diffuser (Grade A), 12cm Long, {om Diameter 
Contained in a Pipe 2.5 cms Diameter 

This caused a decrease in efficiency so that 

49% of 1000g & nr7! was dissolved (Pig. 

5-10 line C). The diffuser was then 

contained in a 1.9cm diameter pipe which 

should have increased shearing action. 

However, dissolving efficiency was reduced 

to 15% at 1000g 0, hr’ (Fig. 5-10 line 8). 

6. Increasing Residence Time Before Introduction 
o the Tank 
  

The length of tubing between the venturi and 

the reintroduction nozzles was increased to 

allow a longer contact time between the gas 

  
lution of 

       



Ae 

Such fine tuming was not easily accomplished and the 

effects were rapidly nullified by vibration and 

trapped solids. 

The modifications tended to reduce dissolving 

efficiency but they illustrated 

(a) that the venturi was more efficient 

at introducing oxygen bubbles into 

a liquid stream than a diffuser, 

(>) that considerable quantities of 

oxygen were dissolved after intro- 

duction into the tank. 

The high dissolving efficiency obtained with the 
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conditions, This could be overcome by increasing water 

recirculation rates but this also increases pumping 

costs. 

ethods of Maximising Merk I Sparger Hfficiency 

Reduction of the oxygen flow rate to the Mark I 

sparger increases oxygen dissolving efficiency. 

Accurate adjustment of the oxygen flow rate to 

meet the tank demand proved to be difficult. Firstly, 

there were several sparger types in use at that time, 

with different oxygen flow meters and different 

dissolving efficiencies. This meant that each sparger 

had to be individually assessed and adjusted accordingly. 

Secondly, the fish oxygen consumption.varied diurnally, 
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A further contributing factor was the oxygen meter 

on the tanks which were fitted with a 100% scale. This 

meant it was impossible to discern between dissolved 

oxygen concentrations of 110% which is acceptable and 

480% which is wasteful. 

Recanmendations in view of the above observations 

werei= 

4. 200% scales should be fitted to all the 

oxygen meters so that excessive oxygen 

supply rates could be detected and 

manually. 

  

2. A supply and demand system be fitted 

which would maintain oxygen concentra- 

tions between 60-100%. An 

    

oxygen cencentrations out inereased the 

dissolving efficiency of the oxygenation 
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Conclusion 

This study demonstrated that the poor dissolution 

efficiency of the Mark I sparger caused the high consump- 

tion rates of oxygen. The situation was exacerbated by a 

daily variation in the oxygen consumption rates of the 

fish. 

Steps were taken to improve and maximise the efficiency 

of the existing equipment but it was apparent that a major 

  

rede n of this equipment and appraisal of other types of 

oxygenators was required. This was considered to be outside 

the scope of this thesis. 

3B o = et
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and power consumption and is currently being evaluated 

by another Interdisciplinary Higher Degree Student.



    

The poor dissolution efficiencies of the Mark 

I sparger were demonstrated to be the major 

factor for the high consumption rates of 

liquid oxygen that occurred in early 1975. 

Fish oxygen consumption at Low Plains was 

high, though this can be attributed to 

diurnal variations, activity and food type 

interacting to increase metabolic rate. 

The high daytime rates of fish oxygen 

consumption indirectly attribut oO
 a ct o ct
 

bo
 o 

cuantity of oxygen utilised because the 

  

control. 

     
reducing the oxygen supply to 

during the night period.
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INTRODUCTION 

When the oxygen requirements of fish are met through 

additional oxygenation, the primary function of the water 

is to dilute and remove waste products which can act as 

limiting factors. These factors do not limit fish 

production simultaneously because of a range of variables 

including toxicity, pH, temperature, dissolved oxygen 

and concentration of other metabolites (Chapter 3). 

Instead, a series of limiting factors can be envisaged. 

Fish health, stocking density and quality of husbandry 

can also have an important interacting role. 

Therefore, to obtain further water economy in fish 

farming, there are two main approaches. Firstly, the 

effluent can be restored to a status approaching original 

     

   

been favoured oy 

ion schemes m: 

  

  

ing factors by    
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IDENTIFICATION AND CONTROL OF LIMITING WATER QUALITY 

BACTORS 

1. Solid Wastes 

Initially, suspended solids were considered to be 

the most critical limiting factor. This was based on 

visual observations that poor fish health and feeding 

response was associated with high concentrations of 

“ suspended solids. 

Circumstantial evidence (Chapter 2) suggested that 

the main source of suspended solids was due to the 

fragmentation of faecal material; hence one method of 

minimising suspended solid concentrations is to improve 

tank cleaning. 

  

     given rs 

ie BST Maite ae Eq 6=1 
- t 

ae “1 4 : 
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The radial velocity will increase towards the tank centre 

and can be represented by 

  

= Eq 6-2 
2rd) 

where 

Pare 3 =i 
2 = water flow m min 

r = tank radius 

Vz = radial velocity m min! 

d = depth of tank 

The flow patterns and self-cleaning action of an 8m diameter 

tank were studied to establish if the self-cleaning action 

could de improved. 

Method 

The floor of an 8m diameter tank was marked with 225 

nf
 es o ct 

  

ne water currents were allowed to stabilise for two hours 

prior to any observations. 

The water flow patterns and velocities were observed 
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b) Introducing solids collected from 

another tank. 

The time for material to cross a Dod? are in the 

tangential direction and movement in the radial direction 

was noted (Table 6-1). 

Results 

Movement of dye was pronounced in the outer radii of 

the tank in both the tangential and radial directions. 

This movement was maintained until about the 2.0m radius 

when radial movement became marginal. The tangential 

velocity was slower than the theoretical velocity in 

all parts of the tank, whilst the radial velocity was 

faster in the outer radii and slower in the inner radii, 

the changeover radius being about 2.0m (Table 6-1). 

     AND TANGENTIAL VELOCITIES WITH DYE 
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Movement in the main water mass was different to 

movement in a layer of water 1.0cm deep above the tank floor 

(the boundary phase). In the main water mass, the dye was 

rapidly dtepernea and tended to move radially outwards or 

inwards. This movement appeared to be due to the location 

of observers within the tank, who probably acted as 

obstructions causing eddy currents. Dye injected into 

the boundary phase remained concentrated and generally 

moved redially towards the centre. 

tay
 

‘low patterns in the vicinity of the drain were 

disturbed. Dye injected 15cm from the tank floor at a 

radius of 1.06m completely missed the drain and was 

dispersed, whilst dye injected at the 0.9m radius was 

removed almost directly. 

Increasing the drain flow to an estimated 1500 1 min7! 

by temporarily lowering the water level increased radial 

  
icinity of the 

ius was withdrawn 

  

Solid material rapidly settled into the boundary 

phase. This material moved inwards if introduced at a 

radius of more than 2.0m. Once the material had passed 

the 2.0m radius movement was marginal. Solids were only 

i from the tank when in close 

  

Te}
 roximity to the 

drain. Hence solids tended to 

    

ly removed by     
z the drain flow.
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Discussion 

The high radial velocity observed in the outer region 

of the tank was probably caused by the water currents 

formed by the inflow and oxygenation equipment striking 

the sides of the tank and moving inwards. These currents 

together with the slope on the tank floor, would tend to 

force solid particles towards the centre. The water 

. Currents were possibly more important because radial 

movement was observed in both the water bulk and boundary 

phase. 

In the central region of the tank, little radial 

movement was observed and the tangential velocity was 

reduced. This caused solid material to accumulate in 

this region, though this could be rapidly removed by 

- 

  

tion should be given to drain design -because the present 

system had a limited zone of influence and is not 

effective at removing solids in the inner radius. s: 

The above observations were made on a tank with no 
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of the tank.
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The likely effects would be :- 

i) 

ad) 

iii) 

iv) 

The swimming action of the fish would 

create turbulence. This may interfere 

with the settlement of the faecal 

material and hence increase the chance 

of solid fragmentation. 

Fish have been observed to ingest faecal 

solids, however, these are egested almost 

immediately. The longer faecal solids 

remain in a tank, the greater the chance 

of ingestion and hence fragmentation. 

The impellors of pumps can also break up 

faeces, though the suction intakes are 

located at the tank periphery where the 

self-cleaning action is most efficient. 

The most important factor causing faecal 

disintegration is the age of the particles. 

When the faecal pellet ages the mucous which 

ra)
 

solids. Although circular tanks remove 

the faeces by withdrawing settled material 

towards the centre, the path length these 

and particles have to travel is very lon, 0 

  

radius with a radial movement of 1m per 

revolution, has to travel at least 11m 

berores1t 
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to ageing and the particle is 

constantly being dragged along the 

tank floor, which can cause 

fragmentation. 

Maximisation of settleable solid removal should 

reduce suspended solids by limiting fragmentation. This 

could be achieved by an increased drain flow or regular 

flushing. An improvement in drain design could increase 

the removal rate of solids lacated in the vicinity of 

the drain. Thisshould reduce the fragnentation rate and 

hence formation of suspended solids. 

Control of Suspended Solids 

To eliminate the suspended solid variable as a 

was hired. The unit was fitted to a tank and the water 

  

It was not ap ig s oO
 Q o 5 ct D a so
 ct ct
 bs ib w o cl io x oO
 ct 5 % co
 

Q
 9 Ss oO
 ° 8 

  

ablish the effect of the treated water upon the 

    

Limited (The “Wellcome Foundation Limited, Crewe, Cheshire). 

The unit consisted of a 

  

Hirate HRB30 sand filter,
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complete with feed pump, air compressor and automatic 

control system. This was a cylindrical pressure vessel 

fitted with a dual media of anthracite (0.5mm diameter) 

on top of garnet (0.45mm) overlying layers of support 

garnet and pea gravel (Fig. 5-1, Table 6-2). 

Effluent water from a fish tank was pumped to the 

top of the vessel and forced under pressure through 

the filter bed. At intervals of 3 to 8 hours, or when 

the pressure at the filter bed exceeded 30 psi, the 

cycle was stopped and the filtration bed air scoured. 

vashed with filtered water to 

  

The filter was then ba 

remove accumulated suspended solids. Except for the 

iltered water was returned to 
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and Filter Sa: rate i n Calmic H i Media Distribution   
ion Cover Inspect 

Outflow 

 
 

ow clean ut?l c 
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Type : Calmic Engineering HRB30 Test Rig No. 1 

Filtration area: 0.455 mo 

Media, upper layer anthracite Size 0.18 mm dia. 

Vol. 0.208 ne 

Depth 0.46 m 

on garnet Size 0.45 mm dia. 

Vol. 0.208 m? 
Depth 0.46 m 

on support garnet Size 1.45 mm dia. 

Vol. 0.057 m? 
Depth 12.7 cm 

on pea gravel Size 0.37-0.63 cm dia. 

Vol. 0.074 mn? 

Depth 15 cm 
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Results 

  

filter did not operate satisfactorily 

because the solid load on the filter was excessive. It 

was possible to operate the filter normally overnight, 

but as the solid load increased during the day, this 

caused the back pressure of the filter bed to increase 

and operate the backflush routine. 

The backwash routine also failed to remove accumule— 

. ted solid material from the filter bed. Fig. 6-5 and 

by ig. 6-6 show that the average time intervals between 

vack washing decreased from 3 hours to 0.6 hours during 

the experiment and that the bed pressure after backwash 

inereased from 4 psi to 20 psi, allowing only a 10 psi 

differential before automatic backwash. 

the filter bed was inspected on the tenth day of operation, 

  

that the surface of the bed was covered with a thin (1-3mm) 

solids which was impeding the water flow. These 
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Although the backwash rate of the filter was high, 

the suspended solid concentration in the tank was reduced. 

The sand filter constantly produced a filtered water which 

contained less than 1 mg 1s! suspended solids (Fig. 6-2). 

Prior to installation of the filter, the mean suspended 

solid concentration of the tank was 10.5 mg ime This 

was reduced to an average of 4.3 mg ee once the filter 

was operational. This reduction was sustained even when 

“the tank inflow was reduced by 40% (Table 6-3), which 

suggests that the filter was removing a higher proportion 

Oo a ct
 

> e suspended solid load. 

  

USPENDED SOLID CONCENTRATION OF THS REARING TANK 

fs Averas vend Inflow Water Average Suspended 
Solids 

1 min ae it 

Without sand filter 420 410.5 

420 4.2 

78 4.3 

6 BeS    

wi
 

os
 

o ty o wo G iy
 

ct wo my
 or BOD ammonia, nitrite and pH are given 

in Figs. 6-3 and 6-4. A bacterial count of 3800 colonies 

  

sand filter proved 

imost constantly 
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Nitrite concentration mg 171 

Qe 
22 

92 
qe 

S46. 
Axenuer 

2% 
02 

gt 
gt 

AL 
et 

0 
 
 

z0°o 

t0°0 

90°O 
4 

Ob°o 

z
i
p
 4 

T
h
o
   glo 

Loy 
T 

  

TSzO}; 

O
T
I
t
I
N
 

hl 

  

  
ti 

b 

o£ 
 
 

  
 
 

  
         

 
 

  
  

p
e
t
r
e
y
s
u
l
 

t
e
z
T
T
q
 

PUBS   
  

A-9 
“Sta   

OF 

Gell Swi uoljesjUusduod vuowwe [eRjo]L +



194. 

tion befo: erage Length of Opera AV!   

0 
I 2h. 20 48 

ko 
  

 
 

a) 
- 

, 
au 

- 
A
v
e
r
a
g
e
 

T
i
m
e
 

I
n
t
e
r
v
a
l
 

b
e
f
o
r
e
 

B
a
c
k
w
a
s
h
 

Hours. 

 
 

 
 

 
 

\O] 

10   
 
 

oO re) 

cO 
a 

Lo “ 

  
 
 

Oo 
m 

  

Ty 
ar 

ure 

  
 



n95) 

contained a high proportion of large solids which could 

have been removed by settlement. These solids were 

principally fibrous in nature and probably caused 

blockage of the filter media. 

The filter was operated according to instructions 

provided by Calmic Engineering Limited. In comparison to 

recommended sand filter design flows of 250 mom ao’ (rwee, 

- 4974) the hydraulic loading rate of this filter was high at 

an average of 574 mm a7", Blockage of the filter media 

may have been prevented by operating at a lower hydraulic 

loading rate. 

The filter produced a filt ¥ ate with an average suspended 
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Hence, the filter was removing a significant propor— 

tion of the suspended solid load. 

The BOD concentration was reduced by 20-25% during 

passage through the filter (Fig. 6-4). This was less 

than obtained in laboratory trials (Page 34) and suggests 

that the solids remaining in the filtrate were principally 

organic in nature. 

The calculated ammonia concentrations obtained by 

applying the pollution production rates (Table 2-3) at the 

flow rates of 120, 76 and 64 1 min”’ should have veen SS 

6.9 and 7.4 mg 171 total NH, -N. Actual average values for 

the three flows were 3.6, 5.9 and 8.9 mg 1 -N. 

  

Detrimental concentrations of unionised ammonia were not 

produced at any stage because pH values were low. 

In comparison to average values in other rearing 

  

the 
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Conclusion 

The self-cleaning action of the circular rearing 

tanks at Low Plains could be adversely effected by 

several factors. Settled solids tend to accumulate 

on the floor in the central region of the tank. These 

solids, unless removed, could contribute to the 

Suspended solid content. Removal of these solids 

could be achieved by regular flushing, or possibly 

improving drain design. 

The control of suspended solids using the sand 

filter did not effectively demonstrste that suspended 

solids 

 



2. Carbon Dioxide 

Control of Carbon Dioxide 

In an experiment described in Chapter 3, stress was 

observed at CO, concentrations in excess of 45 mg lee 

Additional experiments at Low Plains indicated that 

high 005 concentrations could be linked with nephro- 

calcinosis (G. Smart,versonal communication). In fresh- 

. water, the incidence and severity of the disease is 

  limited, though it may reduce food conversion rate er 

can complicate fish processing. In seawater, high oO, 

concentrations cause the disease to become more acute 

and heavy losses can occur. Hence, co, control appeared 

to be beneficial for freshwater environments and necessary 

for saltwater trout culture. 

Two main methods of CO, control were studied: 
2 

a) Chemical control 
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TABLE 6-5 

SOLUBILITY OF CO, (iG La) IN PURE WATER 

(HUTCHINSON 1957) 

Temperature Percentage G0, Atmospheric Composition 

S6 0.03% 0.033% 0. 04K% 

oO
 

ai . oO oO a ay °o at ie
 

NI
 

F
w
 

4 

oO @ oO
 oO
 Oo oO = La
 

oO
 

ul
 

  

6 Ge) 

7 18 86 4.44 

& 0575 0.32 4.10 

g 0.72 0.79 4.06 

40 0.70 o.76 4.02 

44 0.57 0.74 0.98 

42 0.65 0.72 0.95 

43 0.69 0.92 

414 0.54 0.57 0.89 

15 0.59 0.65 0.87 

16 0.57 0.62 0.64 

47 0.55 0.60 0.84 

418 0. 54 0.59 0.79 

4g 0.52 0.58 Oars 

20 0.54 0.56 0.74
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In solution, a proportion of the carbon dioxide 

undergoes either of the following reactions:— 

ony
 

wy oO, + E50 

CO, «+ 0n= 

HCO, a. 6-3 

[1
 

al & HOO; Eq. 

nN
 

Reaction 6-3 occurs. predominantly below pH 8.0, 

whilst reaction 6-4 is dominant above pH 10.0 (Hutchinson, 

4957). The acid, 45003, is strongly dissociated:- 

+ 
E == 4H + HCO, Eq. 6- 4500, H HCO, qe 6-5 

ins + 
He = H+ 2) eases HCO; H 008 q 6 

Only a small quantity of H,CO, can form in solution 
3 

rH and hence it is very difficult to measure the first 

quation 6-7. a dissociation constant given in 
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APPARENT FIRST ORDER DISSOCIATION CONSTANTS K,_OF 

CARBONIC ACID (HUTCHINSON,1957; CAMP AND MERSERVE, 1974) 

= s 2k, 
0 2.65 x 107" 6.58 

5 3.04 x 107° 6.52 

410 3.3: x 107! 6.46 

45 3.80 x 107" 6.42 

20 4et5 x 107° 6.38 

25 4eb5 x 1077 6.35 

When rainwater containing small quantities of 

Q be
 ssolved cO5 passes through soil and rocks, it dissolves 

calcium carbonate forming bicarbonate solutions. These 

solutes dissociate according to Zquations 6-3 to 6-6 

  

The molecular proportions of total free CS5s HCO, 

and CO,~ can be calculated at various pH values from the 

The same 
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TABLS 6-7 

PROPORTIONS OF 00,, HCO,” AND OO, °” IN WATER ar 15°C 
AND VARIOUS pH VALUES (HUTCHINSOMN,1957) 

2— 

Total Free C05 

Pp 00, + #00, 
  

0.996 0.004 4.25 x 1079 

0.962 0.038 4.20 x 107? 

0.725 0.275 0.91 x 10-> 

4 

5 

6 

7% 0.208 0.792 256, x 40 

8 

9 0.003 0.966 ‘ 0.034 

0 - 0.757 0.024 

be oO.” = co 

buffering system in freshwater. The addition of acid tends 

The CO 5 system forms the principle 

~, This will continue until an 

ref fers to Q Oo 
nN 

rs 5 

  

a > a wo
 2 ti oO
 & 7 E ct
 

S
 

ie
] 3 oO
 

is
t is
 

Q ct
 

oO
 Ls)
 

Q
 

ro}
 

Q
 

oO
 

ay determines how much Ca, 

  

Gan co-exist in solution. In the absence 
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TABLE 6-8 

EQUILIBRIUM CO, NECESSARY TO MAINTAIN Caco N_ SOLUTION 

(Ruttner ,1963) 

Caco, in Solution Equilibrium CO 

Gace, mg a mg 171 
  

50° 0.6 

100 2.5 

150 6.5 

200 4539 

250 35.0 

300 64.0 

The concentration of CO. EC 

calculated using Equation 6-8 and substituting the 

3 ps ef KO 
relevant dissociation constant. Hence at 10°C :- 
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from 18 to 25 mg ice (mean 22 mg 17'). This corresponds 

elasely with the calculated CO, concentrations (Fig. 6-9). 

Purther 005 is produced by the fish and as indicated 

in Chapter 3, there is some evidence from caiculated 

respiratory quotients that some co, is being lost to 

the atmosphere. An ambient fish tank concentration of 

4O mg ig) ae equivalent to a p CO, of 2.1 x 407° atmos— 

. pheres at 9°C. This compares to an atmospheric p oO, of 

-u 
Sof % 40 atmospheres, hence at 4O-mg “la a considerable 

gradient exists along which C05 could be lost by diffusion. 

Removal of £9o, by Aeration 

Aeration is one possible method of controlling 00,. 

The transfer of gas between an air/water interface is by 

mass transfer (Boon,1975) where:- 

1 H HB a a a Q Hy iB 5 8 > n
 a ct 8s 5 a rh oO
 5 Q oO
 

oO
 ry Hy } o te @ 8 a   
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Several methods have been designed for producing 

large air water interfaces. These techniques have been 

mainly developed for aeration but can be applied to 

remove carbon dioxide from water. 

These techniques include:- 

a) generation of fine air bubbles which 

are allowed to rise up the water column 

b) generation of water droplets by spraying 

into the atmosphere 

¢) the formation of air/water droplets by 

introducing air into 4a water stream 

d) a combination of the above techniques. 

    

Pitted tc a tank containing 
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At steady state, a pH of 6.9 was recorded, 

this is equivalent to a free C05 concen— 

tration of 10 mg als though some diurnal 

variation will occur. 

The mass transfer coefficient at steady 

state is given by (Lister and Boon,1973) 

  K a = z zs La Gace Eq. 6-12 

where r = rate of addition of C0, per unit 

volume. 

CO, sources consisted of the inflow and 

respiratory CO_, whilst oO, was removed in 
é 

luent and lost to the atmosphere. 

  

Assuming a respiratory quotient of 0.8 and 
oa ‘ 

0a
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4n aeration system consisting of 8 Simplex 

(Ames Crosta Limited) diffused air domes, 

set into a tank 1.25m deep was also evaluated. 

At steady state conditions, this aeration 

system had a K.. of 0.015 min’. These 
La 

3 stones were supplied with air at 1.0 m 

min”! at a pressure of 2 psi. 

The mixaerator proved more suitable for use 

in fish tanks because the diffuser stones 

required depth to operate effectively. The 

trials indicated that the diffuser stones had 

a lower overall mass transfer coefficient (x, ,) 

when compared to the mixaerator. The two trials 

are not directly comparable because the diffuser 

a lower rate 

    

o 
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eo net change of CO, = 4hO + 14h = 36 

= 548 g hr! (from Hq. 6-12) 

r = 548x402 = 0.338 
60 x 27000 

selKeeue= 102538 = 0.079 min™! 
5-0.72 

Therefore, the aeration equipment must have an overall 

mass transfer coefficient of 0.079 min™! to achieve the 00,5 

4 
concentration of 5 mg 1’ in an 8m diameter tank. Hence, 

if one mixeerator has a Khe of 0.034 min’, then a total 

of 2.3 (i.e. 3) mixaerators will be required each supplied 

with 2.0 mom swt of air. Each mixaerator would be removing 

In a 12m diameter tank, five mixaerators would-be 

pplied with 10 nmin”! ce ie 8 o Qu
 

wo G to reduce the 00, 

    

The water treatment industry normally us 

pH control because it is cheaver than sodium hydroxide or 
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However, at Low Plains, a pH of 8.4 would be unsatisfactory 

for fish culture because it would result in an unacceptable 

unionised ammonia concentration. 

A water with a pH range of 7.2 to 7.8 would give 

acceptable unionised ammonia concentrations. If these 

conditions produced by aeration, then the equivalent Low 

Plains CO, concentration would be 2-5 mg a (Fig. 6-9). 

- The addition of lime causes an increase in alkalinity 

hence for the same pH range a higher free CO, would result 

(Pig. 6-8). 

0 The addition of lime to water containing dissolved * 

005 Ccauses:- 

  

0 Eq. 6-4 ul
 

-4 and the removal 
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4 1 
of lime would be required to reduce the 

C05 concentration to 5 mg ae If the initial alkalinity 

Hence, 37 mg 1 

of the water was 0.9 meq ap then the final alkalinity 

would be 1.9 meq eee Hence, from Fig. 6-9, with an 

alkalinity of 1.9meq ol and a oO, concentration of 5 

mg fe the final pH would be 7.71. If the same C05 

concentration had been achieved by aeration then the pH 

would have been 7.4. 

Dosing with lime reduces the diffusion gradient and 

hence the amount of 00, lost to the atmosphere. Therefore, 

lime has to ve added to remove all the respiratory O05 and 

inflow O05, é.g. for an 8m tank at Low Plains:- 

  

semetabolic co, = 0.22 x 1000 x 2 = 

5 £ otal -3 
Sex. 60 x 20 x 10 -= 

  

Inflow 005 
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Hence, if the following reaction occurs:- 

+ Ca(OH), * C05 aan 4 Ca(HCO 

then the lime requirement is 

43-15 x 37 = 11.06 kg a7! lime 
uh 

This quantity supplied to a tank receiving 120 imin™! 

inflow, with an initial alkalinity of 0.9 meq i. results 

in a new alkalinity of: 

c 6 
414.06 x 407) = 5 = 

oe eae lions a7)" 0.9 2.63 meq 1 

    
Henee the pt 

= + c hy 
Sh 4 ae oe 2.63 x 4h 

5 
+ . 

H 7° 
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At Low Plains, the inflow water has an average CO, 

content of 22 mg ine hence to achieve a CO, concentration 

=| 
of 5 mg 1 4, the lime requirement is approximately 0.4 kg 

lime/kg food fed/day. 

3 ry 

co, removal can be achieved by both aeration and 

lime dosing. 

The process of aeration gives a diminishing return 

as the CO, concentration becomes lower. Therefore, to 

maintain a concentration of 5 mg ats a large volume of 

x air would be required. Unlike lime control of 005, 

aeration does not cause a change in alkalinity. 

Control of co, with lime causes an increase in 

  

4) Reducing the carton dioxide concentrations 
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because unacceptable pH values or precipitation of Caco, 

may result. 

Lime control is to be used by Shearwater to reduce 

earbon dioxide concentrations in the rearing tanks.
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THE RECONDITIONING OF LOW PLAINS SFFLUSNT FOR REUSE 

The major factors limiting the amount of fish that 

can be produced from Low Plains appeared to be high 

concentrations of C05 and suspended solids. An experiment 

was designed to remove the settleable solids and a propor— 

tion of the suspended solids by prolonged settlement. 

Vigorous aeration was used to control C05. Water from a 

-42m tank was settled and aerated and a proportion of this 

water was recirculated to an 8m tank (Cassel,1976). 

The experiment involved modifying settlement pit II (Fig. 

4-1) and re-routing the effluent from a 12m diameter tank via 

  

the settling pit. to 

  

Gam”, divided into two sections by a 

Wall (Fig. 6-10). An aeration system 

  

Was constructed in the second half of the pit. This 

  

Wi (see Fig, 6-10) 
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Fig. 6-10 ‘Water Flow Diagram Reconditioning of Effluent for 
Reuse 

Borehole Water Supply 
   

     

      

   

412m diameter 
tank 8m disnetex 

tank 

Dis’charge 
to lefoons 

      

    

  

        

    

Reconditioned 
Water 

Effluent water 
\ 12m tank 

Baffle “pee eS 

Aeration 
System Lr °%9 tem 

    ir 

  

  

      
Settlement Pit
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a) the borehole water entering the 12m tank 

b) the effluent from the 12m tank (settling 

pit inflow) 

ec) settling pit outflow (reconditioned water) 

d) 8m tank effluent. 

Daily analyses were made using the techniques given 

in Appendix I for two weeks prior to re-routing of the 

- effluent to establish initial water quality. 

Reconditioned water was then gradually introduced 

into the 8m diameter tank, whilst the normal borehole 

supply was reduced over a period of one week. Daily 

analyses were then made for the first week following re- 

routing and thereafter monitoring was reduced to three Ss 

times per week for a period of 6 weeks. 

 



Results 

Prolonged settlement (4.5 to 4.7 hrs) without aeration 

reduced the suspended solid content by an average of 64% 

and the BOD content by 34% (Table 6-9). Other water quality 

changes were minimal, though the nitrite concentration did 

increase slightly. 

Aeration had no adverse effect on solid removal, though 

the BOD removal efficiency was reduced to 23%. Aeration 

reduced the free co, concentration by 54% which was 

accompanied by an increase in pH. The concentration of 

nitrite again increased. 

The aeration system reduced the CO, concentration to 

an average of 22 mg ig but the overall water qualit y of 

the reconditioned water was low. Therefore, this water 

Was net used at the same intensity as the borehole supvly. 

The concentration of pollutants increased after re- 

  

ilst being 

  

   
tanks, though the 

    

opercula and excessive 
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treatment. Towards the end of the trial, a heavy infesta— 

tion of a gut parasite, Hexamita sp was found. This does 

not usually cause mortalities, but unless the outbreak is 

controlled, the food conversion rate can be affected. The 

occurrence of this parasite could not be linked to the poor 

water quality because this parasite has been observed in 

other tanks at Low Plains. 

Bacterial monitoring (Table 6-11) indicated high 

numbers of bacteria in each of the effluents. Although 

species identification was tentative, they were all typical 

of aquatic aerobic autotrorhs located in oxidising 

environments. 

Discussion 

  

The food conversion rate is the best indicator of fish 

performance. If fish are stressed, then the food conver— 

  

     d could, there 
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the last set of food conversion results (Table 6-10). 

In the first six weeks of the experiment, food conversion 

ranged from 1.9 : 1 to 2.0 : 1. This was poorer than 

normally obtained by fish reared in tanks supplied by 

borehole water which usually achieve 1.5: 1. 

In the latter part of the experiment, a food conver— 

sion rate of 9.3 : 1 was obtsined which can be possibly 

_attributed to the Hexamita infection. 

Nitrite nitrogen levels approached concentrations 

where significant formation of methemoglobin in the blood 

has been recorded (Smith and Russo,1975). It is not known 

whether concentrations of this order have any long term 

chronic effect. Unionised ammonia remained well below 

  

* ; A =T ae Ae 
the maximum concentration of 0.1 mg 1 i370 proposed in 

  

ymptons of nephrocalcinosis. 

  

If the food conversion rates obtained in the first 

six weeks of this experiment were 
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£315 per annum. Zach tank should produce 

4 tonnes of fish per annum, hence the re— 

conditioned water could save £35/tonne of 

fish produced. 

However, the food conversion rate increased 

from 1.5 : 1 to 2.0 :1 when reconditioned 

water was used. This represents an 

increased production cost of about £150/ 

tonne. Therefore, production costs using 

reconditioned water are significantly higher 

than abstracting borehole water. 

  

by ood conversion ratio was reduced to a level 

  

could not be recovered by water cost savings. The high 

nitrite concentrations may have caused this reduction or 

@ combination of stress, e.g. solids, nitrite, 

  

bacteria could have been acting on the 
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The use of bacterial filters has been advocated as 

a water reconditioning technique in fish farming (Speece, 

1973; Liao and Mayo,1974; Meade,1976; Burrows,1968). The 

process has been adopted to remove ammonia by nitrification 

and to reduce the BOD content. 

The technique has been applied to recirculation 

" systems enabling a large biomass of fish to be cultured 

on a limited supply of water. Also, since reduced water 

   supplies are utilised, the maintenance of gher tempera- 

tures cscomes economically feasible. 

for ammonia removal. It was appreciated prior to trials 

  

2) ammonia and BOD removal to supply 

  

water of suitable quality for recircu- 

lation. 
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This consisted of a tower 4.7m high, with a 

radius of O.4im (Fig. 6-12) packed with a media 

of pl ic pall rings (Hydronyl Limited, Stoke on 

Trent). This material provided a surface area for 

bacterial growth (specific surface area) of 30mm re 

The effluent from an 8m tank was dosed directly 

onto the surface of the media via a trough rotating 

at 1rpm. The treated water from the base of the 

filter was discharged directly to the main drain. 

Sampling points were installed at the inflow and 

outflow of the filter. The physical characteristics 

of the filter are given in Table 6-12. 

  
i
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Fig. 6-12 Trickling Biofilter 
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A ceramic diffuser stone was fitted into the 

base of the tower in order to supply pure oxygen 

and the unit filled with plastic pall rings 

(Bydronyl Limited, Stoke on Trent). ‘Water was 

supplied to the base of the tower and abstracted 

from an overflow port at the top. The physical 

characteristics of the filter are given in Table 

6-12. 

The filter was initially supplied with water 

4 - p71 2 
at a rate of 5 1 min 1 (30 1 min ‘m hydraulic 

load). Oxygen was provided so effluent 

concentration was in excess of > the 

  

nonia removal at 

-1 

    

48.07 1 min 

    

This filter ns: istently reduced the ammonia content 

t          concentration decre   



TABLE 6-12 

PHYSICAL CHARACTERISTICS OF SUBMERGED 

BIOFILTZRS 

Trickling 

Radius 0.406m 

Height Media 4.7m 

Filter Volume 0.884m? 

Free Space 0.80m> 

Specific Surface Area 3h. 3m> 

Filter Area 0.548m> 

Retention time by dye measurement 

Hydraulic load 

Biofilter ing 

233 

AND TRICKLING 

Submerged Biofilter 

0.23m 

0.23 x 10° 
Water Plow 
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TABLE 6-13 

  

  

  

  

  

        

AMMONIA LOADING AND AMMONIA REMOVAL OF TRICKLING BIOFILTER 

Hydraulic Ammonia gy Removal |Temp | Rt. 
Loading Removal 

unin'm™? [gm “sp a’ |e m “ep ay! % °c {Mins 

Bar 0.403 0. O45 Aut 9-5 124.5 

5.0 0. 302 0.043 44 9.5 | 21.0 

36 0.576 0.072 45) | 10.5 | 20.5 

bet 0.5353 0.445 22 <5) 20.0 

5.25 0.619 0.104 16 | 6.5 | 49 

5.27 0.490 Onue "| 128595 ts.71/ 49 
44:56 4.642 0.130 8 | 8.5] 13.0 

4e50 O.UK6 0.086 19 110.5| 43 

13.7 | e414 | 0,302 24 8.5] 11 
Lol 44466 O.4uh | 12 | Sealed 

19.3 | 207 Gas «| ge | 8.5 | 8       
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SUMMARY OF WATER QUALITY CHANGES OF TRICKLING BIOFILTSR 

  

  

  

Averags Loading Averace Change 
gm “sp eri gm =sy a7! Results 

BOD | Se -0.17 3 
Range fe51ttoNG 23 +0.74 to -0.89 
Suspended Solids 4.64 1.44 i 9 
Range O49 to 3.27 +h.43 to —-2.46 

NO,-N OQ: +0.032 12 

Range - O to +0.17 

FO), -P 0.057 0 42 

Range O.025 20 Oot25 +0.022 to-0.0h7 

pH 6.38 eae 42 
Range 6.19 to 6.58 7.08 to 7.70             
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offthe bacterial film which can occur when biological 

filters are operated at low temperatures (Shephard and 

Hawkes ,1976). 

The phosphate concentration varied slightly in 

comparison with the inflow. The nitrite values increased 

between inflow and outflow, though no simple relationship 

between hydraulic loading, ammonia loading or retention 

time could be detected. 

The pH increased during passage through the filter, 

the largest increase occurring at low hydraulic flow 

rates. he increase could have been due to degassing of 

cO, in the tower. 

Ammonia removal was found to be significantly depen- 

  

(2) at the lower 

 



237 

(Fig. 6-11, Wild et al 1971). Below 10°C, nitrification 

in sewage works is normally minimal (H. A. Hawkes, 

personal communication). 

According to Fig. 6-14, a Low Plains temperature 

of 8.5°C would reduce the nitrification rate by 80% 

and e pH of 6.3 would reduce the rate by 82%. Hence, 

nitrification at Low Plains should be minimal. 

The relationship between nitrification and tempera- 

ture was expressed by Liao and Mayo (1974) as:- 

k= 0.0977 ~ 0.215 Bq. 6-16 

Where k = ammonia removal rate 

° 
[ = water temperature ~C 

ammonia removal 
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In this study, ammonia removal appeared to be 

independent of hydraulic loading and retention time 

though the latter factor usually has an important influence 

on nitrification efficiency (Liao and Mayo,1974). 

Organic material can inhibit nitrification, but the 

ratio of BOD to ammonia-nitrogen has to be in excess of 

46 : 1 (Bolton and Klein,i971). The ratio at Low Plains: 

. Was less than 86 : 1 and organic inhibition of nitrifica- 

tion should not be encountered. 

The BOD and suspended solid removal capacity was 

also poor. This was possibly because at temperatures 

below 10°C, there is a marked accumulation of solids 

within the filter which tend to be sloughed out at 

s,1976). 

  

intervals (Shephard 
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No significant removal of ammonia occurred in the 

to the low oH/ 
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ing more C05 

  

trification 

NaOH te obtain 

 



The lower pH created may have been sufficient to inhibit 

nitrification. 

The submerged filter exhibited better BOD and 

suspended solid removal characteristics because solids 

were retained in the filter. 

Conclusion 

Ammonia removal at Low Plains by biofiltration is 

not possible unless the pH of the effluent is increased. 

It is not evident from the literature whether inhibition 

of nitrification is due to pH or C054 

Sven with pH control, the amount of nitrification 

would be limited because of the low temperatures of the 

Low Plains effluent. 
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4 COST APPRAISAL OF COMMERCIALLY AVAILABLE WAT#R 

TREATMENT TECHNIQUES SUITABLE FOR THE TREATMINT 
a OF WATER AT LOW PLAINS 

  

A. Water Treatment for Second Reuse of ‘Vater 
at Low Plains 

Solid Removal 

1. Settlement or Sedimmtation 

a) Radial Flow Sedimentation 
d) Horizontal Flow Sedimentation 
ce) Assisted Settlement using Flocculants 
d) Assisted Settlement using Coagulants 

2. Filtration 

a) Slow Sand Filtration ‘ a ig 
b) Gravity Sand *iltration 
ec) Pressure Filtration 

3. Micro Screening 

24 

Page No. 

to
 

p a 

N
N
 
09
 

nb 

       



aka 

INTRODUCTION 

This Chapter considers the cost of installing and 

operating water saving and treatment techniques based on 

cost estimates provided by the water treatment industry. 

Costings were obtained for three projects: 

A. ‘Water Treatment for Second Reuse 

This scheme would recuire control of 

suspended solid and eter dioxide concen- 

trations to allow reuse of the water. These 

costs were compared with an option of pumping 

more water. 

PR. Zffluent Treatment : 

The cost of treating the Low Plains 

effluent to achieve the discharge consent 

standards of 10 mg it BOD, 10 mg 17! 

suspended solids and 3 mg 1 ammonia was 

investigated. 

Cc. ater kecirculation 

  

The estimated costs were collected for 

a "closed system" scheme, where the majority 

of the water was constantly recirculated. 

A variety of water treatment schemes were evaluated. 

The capital costs (at 1976 prices) Were based on budget 

estinates provided by contacting the leading water treat— 

ment coapanies in the United Kingdom. Running costs were 

derived from an estimate of the number of menhours required 

to maintain the equipment, assuming a labour cost of £3,000/ 

man year. Material costs were based on 1976 prices and power 

Was assuned to cost 1.6p/kwh.
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WATER TREATMENT FOR SECOND REUSE 

The object of this equipment would be to treat all 

the effluent (5450 n/a) from the Low Plains fish farm 

nd reduce carbon dioxide and suspended solid concentra- 

tions to acceptable levels for water reuse. The water 

reconditioning experiment (Chapter 6) indicated that if 

suspended solids and carbon dioxide concentrations were 

1 
reduced to concentrations of less than 4 and 10 mg 1, 

then the water could be reused. 

Solid Removal 

1. Settlement or Sedimentation 

Settlement or sedimentation is used widely in 

he sewage treatment and water purification industries 

for solid removal. aA well designed and maintained 

1 Gan remove the maj 

     
  

vith constant
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ii) to modify an existing settlement 

lagoon to act as a horizontal 

ith inter- 

  

settlement chamber 

flocculants, or 

iv) coagulants. 

Radial Flow Sedimentation 

Design requirements Surface loading uSm om 72a71 

(Ive ,1973) 
Retention time 4.5-2.0 hrs 

A circular tank, 12m diateter, 3m deep is required. 

Capital Cost & 

Circular 12m tank 7,000 
Seraper unit sl udge removal 5,000 
Sludge dewate tank 300 
Recireulation 4,500 
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Therefore, the treatment unit requires a minimum 

3 volume of 400 to 454 m- with a minimum cross 

5 eS 
sectional area of 7 m”. Lagoon 1 has 2 volume 

  

  

of 602 m and a retention time of 2.65 hours. 

Capital Cost £ 

Modification to lagoon 3,000 
Recirculation pumps 2,000 

Total 5,000 

Running Costs 

Power pumping 8.0 kw hr’ 475120 
Sludge disposal 600 
Meint enance 350 
4 days/annum lost production 4,200 

  

Assisted Settlement using Hlocculants 
  

 



OD
 

2k 

Therefore, a circular tank with a minimum surface 

  

area of 70m and a volume of 230m? is required. 

Capital Cost & 

Circular 10m diameter tank T3500 
Seraper unit, floc mixer 
sludge withdrawal 7,000 

Recirculation pumps 4,500 
Sludge handling equipment 500 

Total 16,500 

Running Cost 

Power Pumping Vora aint 
Scraper mixer)11+29 kw hr W251 C 

Sludge disposal - 500 
Floceulant costs (2 mgl dose rate) 4,000 
Maintenance and labour 50 

Total 6,527 
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the precipitation of other cations. Cooper (1975) 

considered the main agent in lime coagulation to be 

magnesium which is precipitated from solution when 

the pH starts to exceed 9.5. One treatment company 

claimed that lime could assist settlement at pH 7.5 

and costs are based on this scheme. 

Design requirements, Surface loading 95m2m~ “a om 
Retention time 1 hour 

, s 2 
Therefore, a tank with a surface area of 57m™ and 

a volume of 230m? is required, 

  

Tank, /mixer/scraper 16,500 
& recirculation pumps 1,500 

  

Total 42,000 
  

+ enance 45 

  

O
t
h
 

td
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Filtration 

For these schemes, it assumed that the water had 

been crudely settled in an existing effluent lagoon 

prior to the filtration process. Possible filtration 

methods were:-— 

i) Slow sand filtration 

ii) Gravity sand filtration 

iii) Pressure filtration 

2a) Slow Sand Filtration 

S normally used as a tertiary This process 

mall sewage works 

he design require- 

  

ments (IWPC,1974) indicated than an excessive land 

area was needed to treat the effluent and hence the 

scheme was not considered further. 

  

nN
 

oO 

  

accumulated material.     
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Capital Cost & 

2-3x 4 x km units 45,000 
Engineering, materials and 
recirculation pumps r 25,000 

Total 40,000 

Running Cost 

me 
Power 8.0 kwh 4,121 
Labour end maintenance 800 

Total 41,924 
  

Water treatment plants normally require dual 

units to replace plant out of action during back- 

washing. In fish farming, this extra cost could 

be avoided by bypassing the filter during the 

backwash period. Although this would cause colids 

to be returned to the fish tanks, this would only 

occur for about one hour per day. 

Effluent quality should be less than 3 mg 1 

suspended solids and some ammonia reduction may 

occur once the filters have becorne established. 

2c) Pressure Filtration 

This process was advocated by many of the 

water treatment companies contacted, though budget 

prices renged fron £15,000 to £80,000. 

Design criteria: 

Capitel Cost 

Surface loading 250m?m~2a7? 
for single media filters 5 _, 
increasing to 400-800m-m “d 
for dusl media filters (IPC, 
1974) 

Ss 

2 Filters plus backwashing 26 ,000 
equipment 

Site preparation 14,000 

Total 27,000
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Running Cost & 
oi 

Power 12.8 kwh 4,800 
Labour and maintenance 500 

Total 2,300 
  

Again, it would be possible to bypass the 

filters during backwashing so that additional units 

would not have to be purchased. This form of 

filtration should give a treated water quality 

containing less than 3 mg ae suspended solids. 

3. Micro-screening 

This process would require prior settlement to 

remove the rowth upon the ee
 

0 +3 om
 o w oO ray
 

b Qa
 

oO & i) O° ct
 

oO 3 ~ a oa
 

stainless steel fabric screen could possibly prove a 

problem and control may be necessary using ultra-violet 

  

&%
 

  

strainer 25,000 
preparation 35,000 
rculation pumps 44500 

Total 29,500 
  

O
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O
0
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4. Air Floatation 

This is a relatively new technique and is rapid and 

compact. Small air bubbles ( 1.0mm iia.) are released 

into the air floatation tank and attach to suspended 

material during the rise to the surface. This results 

in a scum nren can be removed by a surface skimmer. 

The process can be enhanced by coagulants and floccu- 

lants. 

Design criteria: not fully established. 

Capital Cost r & 

Air floatation unit 35,000 
Recirculation pumps 4,500 

Total 36,500 

Running Cost 

  

Power 12 kwh’ 2,102 
Labour and maintenance 800 
Sludge disposal 4150 
Coagulant cost 2,000 

Total 5,052 
  

This process should produce a water containing less 

then 2 mg nae suspended solids. 

Summary Solid Removal 

The processes discussed can reduce the suspended solids 

to satisfactory levels for water reuse. Some of the projects 

provide a lower solid content in the treated water which may 

be beneficial. However, the complexity of the processes 

varies greatly. Schemes which are complex have a higher 

risk of failure, hence endangering the fish being cultured. 

These factors have to be considered when selecting the final 

scheme.
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With the exception of lime coagulation, none of the 

aforementioned schemes include the cost of CO, control. 

The solid removal costs, ranked in order of capital 

expenditure are summarised in Table 7.1. Horizontal 

and radial settlement have the lowest annual running 

cost (including depreciation). 

Removal of Carbon Dioxide 
    

Carbon dioxide concentrations above 50 mg iad have 

deen shown to impair feeding response (Chapter 3). In 

addition, freshwater cO5 concentrations in excess of 

i = : : ; ; 
20 mg 1 may cause nephrocalcinosis. The mechanisms 

of C05 control by aeration or lime dosing have been 

discussed in Chapter 6. 

tw
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and hence lime was considered more suitable. 

  

  

Canital Cost & 

Lime mixing, distribution 8,000 

Running Cost 

Lime cost 92 tonnes @ £22 2,025 
Power 205 
Labour 500 

Total 2,730 
  

The cost of lime addition and aeration is summarised, 

in Table 7-2. There is little difference in basic annual 

running costs, but when depreciation is included, the cos 

or C05 control by aeration is greater. 

TABLES 7-2 

Oo te
 2 > 

   
Capital 47,450 8,000 

Annual Cost 

Power 2,207 205 
Labour 250 
Materials - 
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oO 

addition was selected for a further appraisal of water 

reuse schemes at Low Plains. 

Cost Appraisal of Water Treatment Schemes for the Second 

Reuse of ‘Vater et Low Plains 

For the purposes of a cost comparison, the following 

assumptions were made:- 

1. That production from the treated water 

would be 60 tonnes per annum. 

2. That production output would be the 

same for all schemes. 

3. That the capital cost of growing tanks 

water, supply etc., would be the same 

for all schemes. 

  

4, That 

annual fixed 
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The capital and annual costs of the treatment 

schemes are summarised in Table 7-3, together with 

the capital and annual exvenditures for the increased 

production output. 

The difference in profit before depreciation is 

marginal for all schemes except flocculation and micro- 

straining which show a poor rate of return. However, 

when depreciation is included, the rate of return on 

capital is higher for the processes of horizontal and 

radial settlement. 

A more detailed consideration of the various 

options using investment appraisal techniques are 

in Table 7-4 (Stark and Nichols,197h; qd 

Wright,1973). Different investment appraisal methods 

  

bility. However, it is a useful method for preliminary 

  

fhe rate of return is comparison of so 

    
    method does not
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the true yield of the project. Horizontal, radial and 

lime settlement give the best returns on capital invested. 

The annual cost method as presented in Table 7-l 

compares the annual revenues and capital costs, converted 

to an annual base for each project. Again this technique 

suggests that horizontal settlement is marginally the 

most attractive project. 

The profitability index is obtained by converting 

the annual cash flows to a net present value using a 

desired rate of return and dividing by the capital 

invested. A retio of less than 1.0 indicates that the 

of return (15%) has not been achieved in 

  

Table 7-4. However, the horizontal sedimentation and 

radial settlement schemes are close to the 15% rate of 

    

return of     
assess tas technical complexit
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eilure. Horizontal sedimentation gives 

the highest DCF yield and is also the simplest process 

to construct and operate and hence is probably the best 

selection. 

Water Reuse Versus Further Water Abstraction 

The proposed scheme of water reuse to increase 

production can be compared With the cost of abstracting 

more water. Assuming the production output is to be 

increased by 50 tonnes, then a further 2800m-a~! of 

The cost of obtaining this extra water is (assuming 

this water is available):- 
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Cone jusi 

Selection between the two projects is difficult 

oecause of possible increases in energy costs and 

introduction of water tarrifs. However, if the 

production output from Low Plains is to be increased, 

the yield of the increased water abstraction project 

is sufficiently higher to justify selection of this 

scheme over the water reuse scheme.
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TREATMENT 0) 

DISCHARGS 

ts]
 

te)
 

HS EFFIUENT PRODUCED AT LOW PLAINS FOR 

The effluent currently being discharged from Low 

Plains slightly exceeds the consent standards of the 

North West Water Authority. Although the Gi scnanee 

consent standards are currently being reviewed 

(September 1977), the cost of methods for improving 

the effluent quality were considered. 

In order to achieve the 10 : 10 : 3 standards 

3 imposed (mg i suspended solids, BOD and ammonia— 

nitrogen respectively), it would be necessary to either 

  

LOW PLAINS EFSLUENT TO DOM. 

MENT (IVPC,19733 1974) 

    

   
    

 



pollutants produced from the Low Plains fish farm are 

similar in quantity to the pollutants produced from a 

population of 1,200 to 1,500 people. However, the 

pollution due to fish farming is greatly diluted 

because of the large water flow. 

Secondary treatment processes (biological filtra- 

tion, activated sludge) used in sewage treatment are 

usually designed to remove gross pollution (Truesdale 

and Taylor,i1974) and therefore would have little effect 

upon the Low Plains effluent. Schemes using biological 

  filtration have been proposed for fish farming (Liao and   

Mayo ,1974; Meade,1976) though in the context of recircu- 

lation rather than direct discharge. xperiments with 

  

concentrations. 

   



The techniques of filtration and sedimentation 

have been discussed previously in this chapter. They 

have high capital and running costs and although they 

would reduce the BOD and suspended solids content, 

there would be little effect upon ammonia concentrations. 

Irrigation over grassland is a low cost process 

that could provide anmonia and solid removal. At a 

loading rate of 3000 mona! ant (IvPC,1974), approximately 

4.8 ha of land would be required to treat the Low Plains 

effluent. However, this technique would only be satis-— 

factory in summer. 

An alternative option would be to reduce the retention 

time of the lagoons to less than 30 hours. This would 

allow effective removal 

  

taken to remove ammonia. 

the solution alkaline an 

    to remove 

wint 

 



nm
 

OV
 

OV
 

Cone lusion 

All these processes represent a significant increase 

n capital and operating costs. In sewage treatment, the be
 

cost of achieving a 10 : 10 standard from a 30 : 20 

= ( 
effluent is placed at 0.5p m- (Truesdale and Taylor,1975). 

This does not include the cost of ammonia control which 

for a process such as ion absorption, can be up to 1.0p n>. 

Assuming a conservative estimate of 0.5p n>, the cost of 

treating water to a 10:10: 3 standard would increase 

Low Plains operating costs by £10,000 per annum, or an 

increase of 11p per kg of fish produced. A less satis— 

factory option of grassland irrigation would probably 

cost approximately O.1p nm? or 2.2p/kg fish produced. 
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WATER RECIRCULATION, CLOSED SYSTEMS 

Water treatment could be used to maintain water 

quality so that in theory 100% recirculation is possible 

(Meade, 1976), though in practice a 10%/day water replenish- 

ment is necessary. At Low Plains, if such a process was 

used, then savings could be made on the running and 

depreciation costs of operating a large borehole. 

Costings by the water treatment industry suggests 

that water recovery from sewage costs approximately 6pm? 

@t 1971 prices Truesdale and Taylor,1975). The cost of 

abstraction from Low Plains boreholes is 0.53p © (including 

depreciation). The processes for recirculation in fish 

farming and water treatment are similar and therefore the 

cost of recirculated water in fish farming would probably 

prove more expensive than direct abstraction. 

  

a 90 tonne per annum grow out production unit (Table 7-7).
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TABLE 7-7 

CAPITAL AND OPSRATING COSTS OF TREATY NT PROCESSES 

RECUIPFED FOR WATER RECIRCULATION (4085 m?a~') 

Capital Cost Running Cost 
£ £ 

    

Suspended Solid 

  

Removal 5,000 3,300 
Ammonia Control 30,000 2,000 
co, Control 2,000 2,000 

Sterilisation 45,000 5,000 
Water Replenishment - 600 

Total 52,000 42,900 
Depreciation 10% 5,200 

This places the cost. of recirculated water at 

£8.55/1000m> or if depreciation is included £12.13/ 

4000m>. In comparison, the cost of abstraction from 

Low Plains boreholes including depreciation, is £5.29/ 

4000m>. Hence, although pilot scale experiments (Meade, 

1976; Burrows and Combs,1968; Liao and Mayo 1974; Muir 

1975; Speece,1973) suggest that total or near total 

recirculation is feasible, the high capital and running 

costs prevent the development of large scale recirculetion 

schemes in the United Kingdom. A similar conclusion was 

made in a recent report by the Ministry of Agriculture, 

Fisheries and Food (Purdom,1977). 

In addition, the operation of recirculation schemes 

requires a thorough understanding of “the water quality 

requirements of farmed fish and more information is 

required on the limiting water quality criteria (Forster 

Harman and Smart,1977).. Recirculation could be applicable 

in areas where the water costs are high and the market 

Gemand for fish is strong, e.g. arid countries. Even then, 

such schemes would have to compete with low cost imports.



41. Possible treatment methods for a second water reuse 

were discussed and compared with cost of abstracting 

more water, 

2. The cheapest water reuse schemes did not compare 

favourably with cost of abstracting more water. 

3. Treatment of the effluent to a 10 : 10 : 3 standard 

would considerably increase Low Plains production 

costs. 

  

To avoid incurring these costs, future sites should 

be located where favourable discharge consent 

  

recirculation systems.
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UTILISATION OF 

 



2 

    

Intensive livestock production has been designed to 

inerease efficiency of food conversion, production and 

profit margins of animal farming. A common problem to 

this industry is the disposal of farm wastes. In fish 

farming, the problem is more complex because the vastes, 

both solid and dissolved, are contained in water. 

increased energy and raw material costs have forced 

many farmers to reconsider the utilisation of intensive 

livestock wastes as a supplement to commercial fertilisers, 

This is practical providing the farms have sufficient land 

for disposal and the weather is favourable. 
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MPOSITION OF SLURRY FROM LOW PLAINS (ADAS) a ° td    
Ammonia-N Alf 

Nitrate-N 0.510 

Total-N (Dissolved) 64 

2 22 

K 0.4 49 

Mg 0.2 Be 

Dry Matter 56.0 (5.6%) = 
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Chemical Composition 

  

The nutrient composition of organic wastes is 

influenced by the moisture content and age of th 

slurry. If applied to crops, only part of these 

nutrients would be available in the season of 

application and the remainder would be lost 

or become available in later years. 

The nutrient composition of a composite 

sample of settled fish slurry (up to 12 months old) 

was analysed by the Agricultural Development and 

Advisory Serivce, and the results are shown in 

Table 6-2, The slurry had a high crude protein 

this was in the 

  

and cattle slurries. 

    nic fertilizers.   
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The fertilizer value of a slurry applied to a 

erop depends upon season and to a lesser extent on 

soil type, slurry composition and crop. Table 6-4 P 

  

¢ 9 riation in nutrient availability 

» oO
 

oO
 

oO
 5 ies fa}
 

00 co oO
 o o 9 son of application (ADAS,1975). 

TABLE 8-4 

TYPICAL RELATIONSHIP BETWEEN TIMS OF APPLICATION OF SLURRY 

AND AMOUNT OF AVAILABLE NUTRIENTS (ADAS,1975) 

# Available Nutrients 
for Crop Growth 

    

ur
 

hel
 oO

 Np ie 
7 2 
0 
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TABLE 8-5 

EQUIVALENT FERTILIZER VALUE OF A SPRING APPLICATION OF 

UNDILUTED SLURRY AT JANUARY 1977 PRICES 

  

  

  

Value & m> 

Slurry Type 
N P20, K,0 Total 

Fish 0.56 0.45 0.17 1.18 

Cattle 0.66 0.32 oO. 70 1.68 

Pig 0.80 0.32 0.28 1.40 

Poultry 2.28 2.24 0.98 5.50 

Fertilizer 4 -4 “4 
Prices, 19p kg 28p kg 12p kg 
January 1977 

  

The value of the fish slurry produced at Low 

Plains, in terms of nitrogen phosphate and potash 

fertilizer costs (assuming 50% per annum is lost 

through decomposition) is about £450 per annum. The 

decomposition loss could be reduced if the slurry 

was removed at regular intervals and this may result 

in an improvement of effluent quality. 

id) Realisation of Value of Solid Wastes 

The fish slurry produced at Low Plains could be 

used.to supplement inorganic fertilizer applications. 

However, transport costs of thé slurry are high, hence 

land disposal is limited to farms in the immediate 

vicinity of Low Plains. In 1976, 25m? of slurry was 

spread onto a local farmer's field using the services 

of an agricultural contractor. This slurry had a 

fertilizer value of £30. However, transport and 

application costs were £40.
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of the slurry, which means that although the 

cost of slurry disposal is 

slurry 
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4e) Legal and 
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Problems are sometimes encountered with the 

disposal of strong chicken slurries because this 

can result in damage to crops. Fish slurry has 

a very high moisture content and hence should not 

cause crop damage. There is a limited risk of 

bacterial contamination and animals should not be 

grazed or crops harvested immediately after a slurry 

application. 

Conclusion - Utilisation of Solid Wastes 

The fish at Low Plains produce approximately 

76 3a anne of slurry, though a considerable propor- 

tion of this is lost through decomposition. This 

rry has an equivalent fertilizer value of 21.18 

  

of the slurry cannot be realised directly but can 

  

 



41. Direct abstraction 

2. Growth of aquatic plants 

3. Irrigation 

4. Hydroponics 

Hydroponic utilisation of the effluent appeared 

feasible, hence experiments were conducted using a 

modified form of hydroponic culture. These experiments 

are described in detail in the latter part of this 

section. 

entity of Dissolved Nutrients Produced 

  

  

o m9
  



nO @
 

co
 

be calculated (Table 8-7) from current fertilizer 

prices. Complete extraction or utilisation is 

obably not feasible and hence the value of es n 

dissolved nutrients is unlikely to be fully 

realised. 

TABLE 8-7 

EQUIVALENT FERTILIZER VALUE OF THE DISSOLVED NUTRIENTS 

CONTAINED IN THES LOW PLAINS EPPLUENT 

  

  

eat 2/annum 

Total Nitrogen heed 

Phosphate P05 2.64 

Potassium K,0 2,05 7h8 

  

  

  

     not 

  

Low Plai 

  

  



Jtilisation of the Effluent by the Growth of 
Aguatic Plants 

The growth of algae, submerged, floating 

and emergent aquatic macrophytes results in 

the uptake of nutrients. Emergent macrophytes 

principally derive their nutrient requirements 

from the mud substrate and hence are not suited 

for nutrient removal from water. 

Algae directly absorb nutrients from water 

and although algal culture has been suggested as 

@ method of utilising nutrients in water (Negel, 

is ct
 

be 4977) removal and harvesting the end produc 

difficult (Middlebrooks et 21,197). 

     ter treatmen 

    
Tv



2382 

been obtained, the resulting crop has little or 

no economic value. In addition, this plant is 

a subtropical species and its introducti 

the United 

commercial 

  

on into 

Kingdom is restricted. Of the 

fres floating aquatic macrophytes in 

Kingdom, none have any significant 

value. 

€ are no aquatic plants that would give 

economic return and/or nutrient 

United Kingdom. 
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Hydroponics 

The growth of plants in water containing the 

  

trients is well established and is 

oO onsidered to be economically feasible by some 

sources (Stanford Research Institute,1974). The 

principal nutrients necessary for plant growth 

are present in the Low Plains effluent but no 

analysis has been made to determine the presence 

of essential trace elements. 
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excess of 1 : 100 and water containing the 

essential nutrients is supplied at the top 

of the channel, The gradient and absorbent 

media allows a film of water to flow down to 

the bottom of the channel where the water is 

collected and recirculated. 

Seeds or seedlings can be introduced 

directly onto the absorbent material and 

a ubsequent growth leads to the development of 

amat of roots. This root mat traps air spaces 

and allows nutrients to be extracted directly 
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Introduction 

to establish series of trials were conducted A 

vy bility of growing plants b; feasi the 

e Low Plains effluent. ) using th NET 

The main differences of these trials to the technique 

developed by the Glasshouse Crops Research Institute 

The effluent was only used once as a 
x ) 3) 

film and not recirculated. nutrient 

necessary This was 
ie Wear 
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4. It tolerates a wide range of nutrient 

conditions 

2. It provides a high surface cover and 

surface area, hence giving good 

nutrient removal and water treatment 

rates 

3. It has rapid growth rates and can be 

sown throughout the growWing season 

NPT _ Trials Conducted at Low Plains 

Two main trials using grass plots were 

conducted at Low Plains. 

qe Brie 
  

    

& variety of different 
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Method 

A series of 6m x im rectangular channels were 

constructed from wood and heavy duty polythene (25 

Pm). These plots were placed on a prepared area 

of land from which the surface vegetation had been 

removed and replaced with a 7em layer of builders 

sand. The channels were positioned so that they 

were on a 1: 6.25m incline and laterally level 

The absorbent media was then laid directly 

onto the polythene sheet. ‘Yater was obtained by 

gravity from an abstraction point im offshore and 

      

  

the 

the 
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is for me Design and Water Supoly of NFT Chan 
Growth Grass 
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The perennial ryegrass is normally used to produce 

a high quality turf. The absorbent media in this 

trial was Trident (Cambrelle) Capillary matting 

supplied by ICI Fibres Limited, which was developed 

specially for NT culture. 

In Trial 2, Italian Ryegrass seed was sown at a 

density of 0.17 kg m7? on 24th August 1976 onto Plots 

NFT3Z to NFT7. Each of these plots had a differen 

absorbent media (Table 8-17). When the plots were 

first sown, it was necessary to apply low flow rates 

so that the seed was not washed away. The flow rates 

were increased to suit conditions once the seed was 
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Grown Grass Day 1,3.6.76 NETL anck BETZ 

NETI andk SETZ
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Plate 8-3 NFT Grown Grass Day 18,21.6.76 NFT ET ona WET2 

6.75 SET T and SETZ 
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Plate 8-5 NET Grown Grass Day, 33 6.7.76 NET\ ank NETZ 

by six weeks growth from 

culture 
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2g. 

The perennial ryegrass on NFT2 was allowed to 

grow to a height of 20-25ems when it was cut (Day 

36) and maintained at a height of 3~/7cms. 

Drved 2 
  

In the second trial, the Italian Ryegrass was 

sown very late in the season and growth was slow 

due-to poor weather and short day lengths. NPFT3 

Was cut after 55 days of growth, NFTL was cut after 

58 days of growth and the remaining two plots cut 

after 6, days. Subsequent growth was very poor and 

a series of hard frost eventually killed the grass. 

  

y flower    

  

in 

      

to some exten 

 



  

on
 

  

  

    NED be | 6.9 

NET 5 |41.0 

NET 6 14427   
9-1 

Bae           

  

  

x 2 
* from 5m only 
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Composite samples of grass from NFT1 and NFT3 

were prepared from the grass cuttings and sent for 

elemental and nutrient analysis by the Agricultural 

Development and Advisory Service (Table 8-10). 

The analysis suggested that the crass was 

unusual because it had a high moisture and low sugar 

content, but an exceptionally high protein content. 

The digestible organic matter was also reduced by 

a@ very high ash content. Phosphorus sodium and 

tents were high and the potassium content 

  

  

       
te 9.8 11.0 
ed 
Pr 29.3 
Bi 

eneo 
17458 1660 

6054 

F 24.9 
0.55 
0.20 

0.74 
2.4 

967 
2963 

Heat
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The high protein tends to compensate for the 

low dry matter content, hence 1 kg of NPT grown 

grass would contain 2L4.l4g of digestible protein, 

whereas the same quantity of pasture grown grass 

would contain 21g. With the exception of protein 

content, the NFT grown grass is poorer in quality 

than pasture grown grass because of a low moisture 

content. ADAS considered that this grass was so 

unusual that no recommendations could be made for 

its use. It was definitely unsuitable for silage 

conservation. 

 



ABLS 6-14 

HYDRAULIC 

  

LOADING AND DISCHARGE 

AND NFT2 

298 

  

  

  

Ammonia] Ammonia | Phosphate 
Sa Load Removed Load 2 BorOuee 
ay ng a mg ny Be 2] g ay 

min min min min 

Phosphate | 

  

  

                     
  

  

At 0655 0.53 ST 96 
43 0.40 0.37 58 u7 
15 0.67 0.13 115 Tes 
25 2.46 0.80 363 187 
o7. 4.28 Os65 355 183 
ay) 370 320 4.44 0.46 187 90 
52 480 445 2.45 0.80 250 85 
he | 435 365 1.82 0.83 303 166 
67 455 430 0.60 0.28 wD 47 

| NFT2 Perennial Ryegrass (Perma) Trident Capillary Matting 

1 44 60 | ua i) 
a5 65 22 16 
AS 665 387 267 

| 12> 240 154 ee 
ee 55075 2he 127 
apie 345 | 460 82 a) 360 — | 202 93 
| 4e S15) 124 22 
L 

4 

Piow Outflow 

-35 (40 (+406) 
51 (+0 (£4.53) 

#95 (= 10 (£0.14) 
.55 (+0 C2045)    
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TABLE 8-12 
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SUPPIY AND REMOVAL RATES OBTAINSD IN 
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SUSPENDED SOLIDS, 

AND BOD BS    
NFT3 PBS 120 Cambrelle 

  

Yate Flow ae 5 Phosphate | Nitrite 
vey | 0223) Ane pH gm ps mi? ay min min-1 min71 min7! 
  

Load [ Dis. |Load | Dis. [Toad [ Dis. |Load|] Dis. | Load | Dis. 
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SPSNDSD SOLIDS, vH, PHOSPHATE, 

BOD BATWSEN THs INFLOW AND 

  

Watep Flow | Suspended Phosshate| Nitrite 3 nm Solids 7 = a 
em? m pH gm Ps m 
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   FLOW RATS : 

PSRATURE Al 

SUSPENDED SOLIDS, pH, PHOSPHATE, 

LOY BOD BETWEEN THE INST 
   

   
4 7A 
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TABLE 6-1 

SUSPENDED SOLIDS, pH, PHOSPHATE, 
BOD Y_THS INFLOW AND     

NFT Cambrelle Melded Fabric FAB 60g 
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Trial 2 

The ammonia supply and removal rates are given 

in Table 8-13. Table 8-14 shows the chances in flow 

rate, suspended solids, pH, phosphate, nitrite, 

temperature and BOD between the inflow and outflow 

of NPT plots 3 to 6. 

Where applicable, the results have been 

expressed as a weight i mins to eliminate 

variations in the water flow rate or nutrient 

Note that Tables 8-11 

removed whereas Tables 

   



logarithmically with availability and nutrient 

uptake gradually reaching aconstant rate as the 

availability is increased. Uptake is not normally 

limited until very low concentrations, and with 

hydroponic grass culture, the Km value for nitrogen 

1 os N (Clement, personal compounds is 0.1 mg 1 

communication). It is possible that a linear 

relationship vetween ammonia supply and removal 

was obtained in this study because low loading 

rates were applied and hence uptake occurred in 

the linear range of the relationship between 

supply and removal. 

  

onia supply and removal were significant, there 

  

of ammonia. In exveriments conducted at the 
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LINZAR_RE SUPPLY AND REMOVAL 

RATES     

  

  

  

  

y = NH, -N nm “min 
x = ammonia supply mg NH),-N m min! 

Plot Linear Regression Through Origin 

4 Y= O22/z 420.19 y = 0.42x 
Significant at P = 0.05] Sienificant at P = 0.05, 

Yo = 0.95 et Oscs y = 0.40x 
Not significant Not significant 

to
 

        

  

 



Other sources of nitrogen were available to 

the grass plots (Table 8-12) in the form of nitrate. 
4 

Regular analyses were not conducted but uptake rates 

of 53 to 64% were obtained in Trial 1. Some nitri- 

Pication occurred during passage through the plot 

because the nitrite concentration increased. In 

Trial 2, nitrite formation initially increased but 

when the temperature and pH became lower, nitrite 

formation decreased, probably because nitrification 

was not favoured by low pH and temperature (Chapter 

6). Because ammonia uptake occurred during this 

period of unfavourable nitrification conditions, it 

is possible that direct uptake of ammonia was 
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high moisture content and hence was not able o a ver. 

to withstand frosts. 

 
 

Before any seed germination occurred, large pH 

is was due Th: 40.0) were recorded. increases (to 9.5- 

to exposure or the film of water to the atmosphere 

uiting hat formed-on the plot res and-e-mat—of-alzgae-t: 

nd uptake of S05. ss &. in lo 

established root rmed. an fo had Once the roots 

and we lo inf the between value % e increase in p. th mat, 

ower 

dd a os ossibly because there 

Py 

C05 by fC £ production o 

 
 

 
   

cs 

 
 

 
 

S 

a 

 
 
 
 

 
 
 
 

 
 

ly: tru 

 
 
 



ka
t = Ee 

the solids appeared flocculated and a substantial 

proportion could be removed by settlement. 

A decrease between inflow and outflow of 28 

to 48% was obtained for BOD measurements. 

Water Treatment 

The grass plots can effectively reduce the 

concentrations of ammonia, nitrate, phosphate and 

BOD and hence can be used for water treatment. A 

disadvantage of this system was that although 

removal occurred between the inflow and outflow,     the overall
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culture, Nard mT N 

grown on Trident 

LOL 
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is a prototype material 
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Substitutes were tested 

relle material mb 

ption of cotton scrim and 

a 

all materials were non= 

rte 4 

he ¢ 

rnally used 

t 

Media 

in 

Alternative 

x 

2 is no and 

LVS. 

The grass 

With the exce 

Ss 

capillary which although satisfactory, was 

xpen 

in Trial 2 (Table 8-17). 

Absorbent 

absorbent paper, 
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NFT4 
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The poorest root anchorage 

os ecause the roots were not able 

he me ct
 2 Pp go 

applied to this channel because 

Water logging. 

» but the highest flow 

occurred on NFT3 

to grow through 

rates could be 

there was limited 

The trial demonstrated that there was little 

difference between growth of the plots and that 

media strength was more important than the 

absorbent properties of the cloth. 

Other Cronvs Grown by NFT at Low Plains 
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ws
 

ey
 

of 6-8 weeks (Scaife and Jones,1975). 

Lettuce do not absord large amounts of 

nutrients when compared to other vegetable 

erops, but they do have a better economic 

value than grass. A projected average yield of 

4.5 tonnes/ha dry matter can be obtained, which 

would result in an uptake of LO kg N, 8 kg P and 

28g K per hectare (Greenwood Cleaver and Turner, 

4974). Inereased uptake can occur when excess 

utrients are applied (luxury consumption) but 

this a oes not greatly increase yield. 

NFT would have 

at Low Plains. 

  

on 
  

  

- 

mors 

  

    

tent m technique    

     



It should be stressed that the NPT trials 

conducted were preliminary and further informa- 

tion is required before they are applied as a 

treatment technique. 

Grass is probably the best crop for achieving 

nutrient removal, but it provides a very low 

economic return for the nutrients extracted. 

The only other successful crop was lettuce, but 

this plant has a very poor nutrient uptake rate 

and hence poor treatment. 

If this technique was applied as a treatment 

and nutrient recovery system, it could not be   

United Kingdom unless 
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a 

results in a gilling and gutting wastage of 18 tonnes, 

comprised of gills, viscera and. blood. 

The daily amount of wastage produced at Low Plains 

makes collection or storage of this waste for reprocess— 

ing non-economic. In addition, no organisation could be 

contacted who were prepared to accept this waste. 

On a larger site, mortality and gilling and gutting 

wastage will be si 

find outlets prepared to utilise this waste. 

Summary 

The effluent from Low Plains contains a variety of 

the economic value of 

fish slurry becau a)
 

ic S wn oO
 

    

mificant and steps should be taken to



 



CONCLUSION AND SUMMARY 

Attempts to obtain the maximum production output of 

fish from a water supply results in a decline in water 

quality and consequent fish health problems. Shearwater 

Fish Farming Limited oxygenates the water and utilises 

the water exchange to dilute and remove accumulating 

metabolic waste products. An understanding of the 

metaodolic waste produced by the fish and the water quality 

  

requirements for fish culture is portant for the opera- 

  

tion of an intensive fish 

The metabolic products produced by intensively farmed 

rainbow trout have been assessed and can be used to predict 

y requirements of 

 



B19, 

currently being reviewed by the Water Authority. 

  The consumption of oxygen was high when the farm was 

  

Experiments conducted to determine 

Poy 
the source of this excessive consumption demonstrated 

ct
 

he oxygenation eauipment. Kedesign of the oxygenation 

equipment appeared necessary and was considered outside 

the scope of this thesis. The oxygen consumption of the 

fish was found to be high though this was attributed to 

a diurnal variation in metabolic rate and a difference in 

fish activity. 

     ° wo $0 I
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as a slurry. The economic value of the nutrients 

contained in the slurry cannot be realised directly, 

but can be used to offset the costs of transport and 

application and, therefore, disposal costs are reduced 

to a minimum. The nutrients dissolved in the effluent 

can be utilised by the hydroponic growth of plants. In 

the United Kingdom, this type of culture is limited to 

the-summer,-unless~greenhouses-are-provided._Sxperiments 

utilising the Nutrient Film Technique suggested that grass 

may be a suitable crop but the product has a limited econo- 

mic value. This form and associated culture could possibly 

utilise the effluent more effectively in warmer climates. 
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Initially, analytical facilities were very limited 

and until early 1975 consisted of a small Sprite caravan 

equipped as a laboratory. In 1975, this was replaced by 

a temporary building (Portakabin) which provided more work 

space. The Portakabin is-due—te—bereplaced by a permanent 

“structure in 1977/1978. 

  

     
BIL B 
Wild 
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of the North “Nest Water Authority. 

It was possible to conduct the following analyses 

at Low Plains:- 

  

An ammonia probe was available but, because of the 

low concentrations involved and variable temperatures in 

the laboratory, poor reproducibility was obtained, nence 

J ammonia was determined using the indo—phendl technique 

unication, Freshwater Biological Association). 
  (personal co 

  

Reagents 

1. 

  

to
     

H in deionised 

   



3235 

with deionised water. 

These solutions are stable for three months if kept 

in amber glass bottles and stored in a refrigerator. 

Procedure ~ Freshwater 

3 To Son or staple add-2cem~—of phenate-reagent—and 
e 3 
2em”- of sodium hypochlorite. Mix well and allow to 

stand for 30 minutes before diluting to 500m? with 

deionised water. 

  

 



324, 

b Ot
 dissolving 50g sodium citrate, 5g NaOH and 25g EDTA 

3 and diluting to 25Ccem™ with deionised water. 

  

The indo-phenol method determines the total ammonia 

La, NH./ in solution. To establish the proportions of 

Lia f and Lu 7 in solution, it is necessary to determine 

the pH and temperature of the solution 

of /NH,/ in a      
  

Ada jem of each 
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Table 1 Percent Unionised Ammonia Lyu3Z in Aqueous 

Ammonia Solutions. (Thurston, Russo and Emmerson,1974) 

Temperature °C 

  

    
pH 6.0 , 7.0 8.0 9.0 10.0 1r.0 12.0 13.0 14.0 15.0 

+0136 | .0147 0159 .0172 0218 .0235 0254 = .0274 
‘o171 0185 0h86 0201 0274 10296 10319 0345 
20215 0233 “o3i9 0345-0373 10402 0434 
0270 .0293 “ogo2 -0434 0469 0506 0546 
10340 .0369 “050g  -0547 .0590 0637 0687 
10429 .0464 “0637 «0688-0743 0802 0865 

+0539 .0585 go) 0866 .0935 101,109 
10679 .0736, “Jo |. 102. IS TRF G7 
10855 .0926 *h27, 2137148 1160172 
21086117 “yo «1731864201217 
21356147 Son) e217, w235 253 6273 

170.185 agg s273 20511 319 aA 
1214 «232 31g 3443774012432 
{270.292 “400-433 4675041543 
339 368 "50g 0544587) «633.683 
1427. 462 *g33 «684.738.796.859 

537: S82 796. -859 +927 1.00 1.08 
675 «731 Viog «1608 «1616 = 1,26 1,35 
1848919 ii2g 1636 1646 1.58 1.70 

1.07 (1.18 1258 1.70 1.83 1.98 2.13 
1.341645 qig7 2613 2.30 2.48 2.67 

1,68 1.82 2.47 2467 2.87 3.10 -3,33 
2:10 2.28 3709-3634 3.59 3.87 4116 
2.63 2.85 08 3iag «404416 «1 44648 = 4,825.18 
3.29 3.56 84 4.a2 5.19 | 5.58 5.99 6.44 
4.11 4.44 79 5 5.99 6.44 (6.92 7.43 7,97 

5.12 5.53° 5,96 6 7.42 7.98 8.56 9.18 9,83 
6.36 6.86 ° 7,39 8 9.17 .9-84 10.5 11.3 12.1 
7:88 8.48 9.12 10.5. 4g. 120 12.9 13.8 147 
9:72 10.5 = 11.2 129 3:8 14.7 18.7 16.8 17.9 
Nt 1208 1557 9807 se SRG | We THe 80.2 218 

9-1 fiss6 15)6 16.7 47.8 21.5 22.8 24.2 25.6 
coey eTs7 0 IBS 2011 eta) pole ecu ioiucs 7 eT) ue Be7 S003 
63) bya 2207 2431. 26r6) © a74 Deru sdeae ales) 13306) 353 
g-f 25.4 27.0 28.6 30.2 3119 «3316 «35-4 «37-1 38.9 40.8 
9-5 foo 31.7 33.5 35.3 3711 arg 40.8 «42.6 «AK. 46.4 

9.6 |35,1 36.9 38.8 40,7 46.4 48.3 50.3 52.2 
Sst hols Az Aa aad tea 2 §2.2 54.1 56.0 57.8 
BB HSL) e ABel BO) saints 56.0 57.9 59.7 61.6 63.3 
9.9 151.9 53.9 55.8 57.8 61.5 63.4 «65.1 66.8 68.5 

10.0 67.6 $9.5 61.4 63.3 66.8 68.5 70.2 71.7. 73.3 

  

   



326 

for 40 w to develop 

ance at 543 a in 1¢em 

3? Allo 

absorb 

iiute to §0c a 

measure the 

a n 

and 

Mix well a 

minutes 

 
 

   
 
 

oO 

oad 
uo 

» 
§ 

a fi 

§ 
i 

Z 
Al 

3 
ia 

p 
EB 

© 
io 

o 
Pp 

a 
P 

® 
° 

o 
oat 

a 
oe 

oO 

a 
b 

g 
< 

Pp 
o
 

@ ) 
£ 

- 
% 

a 
q 

zi 

3 
8 

ce 
O
o
.
 

o 
& 

3 
Le 

ao 
oo 

a 
Oo 

1 
= 

5 
= 

sf 
“ 

-
 

oO 
ot 

Ci 
1 

° 
Oo 

a 
ad 

B
 

o
 

oO 
as 

ned 
B 

2 
On 

ig = 
wr 

ist 
g 

oO 
3 

Oo 
od 

oO 
fi 

G 
oO 

A 
'‘p 

« 
oO 

P 
a 

- 
10 

as 
a) 

g 
bo 

p 
m4 

a 
o
o
d
 

2 
4 

S 
al 

O° 
is 

## 
a 

rl 
8 

3 
O° 

a 
@ 

ie 
p 

fy 
ort 

On 
20) 

ey 
° 

is 
cal 

fel 
as 

sy 
Pp 

a 
os 

3 
ay 

ao 
Oo 

a 
pesto 

aos) 
fl 

Es 
= 

> 
a 

‘cd 
fo 

H 
ss 

Oy 
ne 

o 
oO 

a 
no 

B
w
 

Bae 
ral 

4 
F 

o 
Pa 

Gy 
a 

8 
ey 

wi 
“ 

o 
8 

a
d
 

Fotis 
® 

Ct 
oO 

=
 

SG 
Hy 

B
O
S
 

» 
zi 

 
 

tion,



327 

 
 

oO 
o
 

a o
P
 

3 
g 

" 
P 

oA 
a 

ay 
oO 

oO 
oO 

wa 
8 

2 
oO 

>
 

+ 
i 

C
u
e
 

o 
a
f
 

» 
OQ 

OY 
a 

oS 
S
o
+
 

P
O
R
 

© 
o
S
 

-m 
u 

oO 
wo 

Ww 
o 

a 
° 

q 
Pr 

& 
a 

8 
4 

A
 

> 
fy 

oo 
a 

o 
A
 

YD 
S
o
A
:
 

o 
a 

oO 
a) 

O
V
 

a 
p 

H 
oo 

+ 
Fa] 

up. 
9g 

i 
a 

e
y
 

! 
a 

m1 
a 

oti | 
fs) 

oa 
E 

&! 
9 

© 
a 

isa 
s_/ 

0 
» 

J
o
 

rd 
o 

~~ 
o 

qt 
gE 

cis) 
2 

=e 
orl 

a
 

<W 
i) 

a 
uw 

o 
0 

4) 
cw 

i] 
© 

Hon 
f
e
 

el 
© 

“ 
F 

ee 
oO 

Hl 
& 

+» 
5 

Fey 
H
o
 

HH 
o 

© 
6 

o 
By 

= 
| 

a 

n
e
 

q 
Geral 

3 
5 

: 
va 

n| 
a
 

oO 
od 

a 
a
 

a 
DI 

me 
ry 

ol 
eo 

Pv 
Pp 

ms 
a 

o 
H
f
 

a
 

oo 
o 

ay 
oO 

“3 
a 

° 
RI 

oO 
a 

wy] 
B
o
d
 

tA) 
a 

cal 
= 

Ay 
& 

Q 
p
o
u
 

n 
© 

Oo 
a 

OO] 
-4 

H
s
 

° 
P 

a 
Ca 

o 
oO 

ey 
3) 

tr 
so 

© 
oO 

ad 
4) 

° 
Oo 

Dy 
eh 

OS 
n 

gS 
on 

§ 
. 

a 
Or 

oy 
id 

3 
a 

nD 
qq 

wy 
od 

00 

go 
B 

Bs 
s 

4 
i 

Fa 
: 

Ar 
nt 

val 
Wo 

on 
g 

- 
¢ 

im 
fi] 

Oo 
a
 

Oy 
Oi 

° 
a 

ao 
cd 

a 
D 

o 
oO 

p 
| 

cs) 
44 

  
 



328 

The meter was calibrated according to manufacturers 

instructions and if necessary, compared with the results 

  

rom a “/inkler oxygen determination 

  

BOD (BIOGHS AL OXYGEN DEMAND 

  

Until the purchase of an incubator, BOD determinations 

were conducted by the North West Water Authority. Otherwise 

BOD determinations were made using the technique deseribed. 

in Standard Methods (APHA,1971 p.489). 
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the result was rejected and the procedure repeated with a 

an indicator and pH meter was found to be 

  

  

3 + 
the only way to give moderate reproducibility of - 10%. 

Nomogreams for the determination of free C05 at a tempera— 

ture of 10°C were also prepared (Fig. 5-8 and Fig. 6-9). 

THER ANALYSES 

For a short period in 1974, a H ach Chemical Portable 

Laboratory was available. This was used according to 

instructions to determine a variety of paramaters (see 
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APPENDIX II FSEDING LEVELS 

Since 1974, a range of diets from various manufacturers 

have been used at Low Plains. The composition of the diets 

was similar, though there was some variation in protein 

content. The food was fed according to feeding tables 

recommended by the manufacturers (see Table 1).
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Environmental Protection Agency 

Limiting Water Quality Criteria 

Buropean Inland Fisheries Advisory Commission 

American Public Heal 

Institute of Water Pollution Control 

Agricultural Development and Advisory Service 

  

Film Technique 
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