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THE CENTRE OF ADVANCED STUDIES IN MARICULTURE was
started in 1979 at the Central Marine Fisheries Research Institute,
Cochin. This is one of the Sub-projects of the ICAR/UNDP
project on ‘ Post-gradvate Agricultural Education and Research’.
The main objective of the CAS in Mariculture is to catalyse
research and education in mariculture which forms a definite
means and prospactive secior to augment fish production of the
country. The main functions of the Centre are (o :

— provide adequate facilities to carry out research of excellence
in mariculture/coastal aquacuiture ;

— improve the quality of post-graduate education in mari.
culture ;

— make available the modern facilities, equipments and the
literature ;

— enhagnce the competence of professional staff ;

— develop linkages between the Cantre and other Institutions
in the country and overseas ;

— undertake collabaration programmes; and
— organise seminars and workshops.
Under the programmes of the Czatre, Post-graduate courses

leading to M.Sc, (Mariculture) and Ph.D. are offered in
collaboration with the University of Cochin since 1980.
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INTRODUCTION

Water quality includes all physical, chemical and biological
factors that influence the beneficial use of water. Where fish
culture is concerned, any characteristic of water that affects the
survival, reproduction, growth, production, or management of
fish in any way is a water quality variable. Obviously, there are
many water quality variables in pond fish culture. Fortunately,
only a few of these normally play an important role. . These are
the variables that fish oulturist should concentrate on, and
attempt to control to some extent by management techniques.

All other things being equal, a pond with <good’ water
quality will produce more and healthier fish than a pond with
‘poor ' water quality. In this manual an attempt is made to
define ¢ good’ water quality for fish culture. Information is also
presented which will help in determining the potential of a body
of water for producing fish, improving water quality, avoiding
stress-related fish disease and parasite problems, maintaining fish
for resecarch purposes and ultimately producing more fish
per unit of surface area. The following discussion of water
quality is brief, but an attempt has been made to cover the most
important points. Chapter 1 is concerned with general aspects of
water quality that influence fish production. The influence of fish
feeding on water quality is covered in Chapter 2, Chapter 3
covers pond fertilization and Chapter 4 is concerned with
liming. Dissolved oxygen and acration is treated in Chapter 5.
Chapter 6 deals with miscellaneous treatments and procedures
for computing doses of chemicals for ponds. Methods of water
analysis are presented in Chapter 7.

The information in this manual is essentially a summary of a
book on water quality in pond fish culture by Boyd, * Water
Quality Management in Pond Fish Culture’. This book may be
consulted for more details and for additional references to the
literature on water quality in ponds. Most of the basis for the
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book and this manual was research on warm water pond fish
culture in the Southern United States. However, all of the
principles and methods are general and applicable to fish culture
in other regions including culture of fish in brackish water and
sca water ponds.
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WATER QUALITY AND FISH PRODUCTION

L1. [Introduction

The material in this report explains the usual relationships
between water quality variables and fish produotion, setting forth,
where possible, ranges of desirable levels of the variables, In
addition, the management procedures recommended herein
usually will be effective in improving water quality. However,
because of unexplained reasons, effects of water quality on fish
and the effectiveness of management procedures may be quite
different from those reported here. Therefore, fish culturists
should not consider the information in this report as the final
answer to water quality problems, but merely as suggestions on
how to solve these problems. Coldwater fish will not be
considered, but coldwater fish generally demand water of much
beiter quality than do warmwater fish.

1.2, Temperature

Warmwater fish grow best at temperatures between 25°C and
32°C. Water temperatures are in this range the year
around at low altitudes in the tropics, but in temperate regions
water temperatures are too low in winter for rapid growth of
fish and fish food organisms. For this reason, managem:nt
procedures such as feeding and fertilizing are halted or reduced
in winter. Temperature has a pronounced effect on chemical and
biological processes, I[n general, rates of chemical and biolegical
reactions are doubled for every 10°C increase in temperature. This
means that aquatic organisms will use twice as much dissolved
oxygen at 30°C as at 20°C and chemical reactions will progress
twice as fast at 30°C as at 20°C. Therefore, dissclved oxygen
requirements of fish are more critical in warmwater than in cold
water. Chemical treatments of ponds also are affected by
temperature. In warm water, fertilizers dissolve faster, her-
bicides act quicker, rotenone degrades faster and the rate of
oxygen consumption by decaying manure is greater.
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In ponds, heat enters at the surface and so surface waiers get
heated faster than lower waters. Since the density of water
(weight per unit volume) decreases with increasing temperature
above 4°C, the surface waters may become so warm and light
that theydo not mix with the cooler, heavier waters in lower layers.
The separation of pond water into distingt warm and cool layers
is called thermal stratification. The upper warm Jayer is called
the epilimnion and the lower cooler layer is known as the
hypolimnion, The layer of rapidly changing temperature between
the epilimnion and the hypolimnion is termed the thermocline.
The temperature profiie for a thermally stratified pond is shown
in Pig. 1.1, In temperate regions large ponds may stratify in the
spring and remain stratified until fall. In small, shallow ponds

Depth,
matgrs

Op

(.1 J

(S re— L ———— — S —

(X1 2 thermochine

20 22 24 26 28 30 32
Temperoture, *¢C

Fie, 1.1. A well developed pattern of thermal stratification in a fish
pond. The epilimnion, thermocling and hypolimnion are indicated.

in temperate regions and in tropical ponds, stratification often
exhibits a daily pattern. During the day the surface waters warm
and form a distinct layer, At night the surface waters cool to
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the same temperature as the lower waters and the two layers mix.
' An extensive discussion on thermal stratification may be found in
any standard text on limnology.

In some ponds, the surface waters may reach temperatures of

35°C or more. This is above the optimum temperature for most

warmwater fish, but the fish may seek haven from the high
temperature in subsurface waters. Fish have poor tolerance to
sudden changes in temperature. Therefore, one should not
remove fish from water of one temperature and suddenly thrust
them into & water of appreciably higher or lower temperatutre.
Often, a sudden change in temperature of as little as 5°C will
stress or even kill fish. The cffect is usually worse when moving
fish from cooler to warmer water. Since temperatures increase
with decreasing altitude, one must allow for temperature adjust-
ment when moving fish from high altitude to low altitude waters.
Fish readily tolerate gradual changes in temperature. For
example, one could raise temperature from 25°C to 32°C over
several hours without harming fish, but fish suddenly removed
from 25°C water and placed in water of 32°C might die,

1.3. Salinity

The term salinity refers to the total comcentration of alt
dissolved ions in a natural water expressed in milligrams per
litre, The osmotic pressure of solutions increases with increasing
salinity. Fish species differ in their osmotic pressure require-
ments, 80 the optimum salinity for fish culture differs to some
extent with species Salinity information on some cultured
species of pond fish is presented in Table 1,1.

Fish are highly sensitive to sudden changes in salinity. Fish
living in water at one conceniration of salinity should not
suddenly be placed in water with 2 much higher or lower salinity.
Small fish and fry of most species are more susceptible than
adult fish to sudden changes in salinity. Sodium chloride may
bz used to increase the salinity in fish holding facilities and even
in small experimental ponds. Conversely, salinity may be lowered
in small scale systems by the addition of water with low salimity.
Unfortunately, it is usually not practical to adjust the salinity of
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larger fish culture systems, except in brackishwater ponds where
seawater may be introduced by gravity flow or tidal movement.

TABLE 1.1, Highest concentrations of salinity which permit
normal survival and growth of some cultured food fish

Species Salinity (mgflitre)
Carla catla (catla) .. slightly brackishwater
Labeo rohita (roha) .. slightly brackishwater
Ctenopharyngodon idella {grass carp) . 12,000
Cyprinus carpio (common carp) . 9,000
Hypophthalmichthys moliirix (silver carp) . ‘8,000
Fetalurus punctatus (channel catfish) - 11,000
Tilapia anrea e 13,900
T. nilotica T 24,000
T. mossambica e 30,000
Maugil cephalus (grey mullet) . 14,500
Chanos chanos (milkfish)y .. 32,000

In practice, one is seidom able to measure concentrations of
all ions in water. However, the ability of water to conduct an
electrical current (conductivity) increases as salinity rises. A
conductivity meter may be used to measure conductivity and the
conductivity value allows an approximation of salinity. Many
conductivity meters have a scale for reading salinity directly.
Another method for obtaining the approximate salinity of a
water is to measure the total dissolved solids concentration. A
sample is filtered through a fine paper, a known volume is
evaporated and the residue remaining is weighed. The weight
of the residue in milligrams par litre is the total dissolved solids
concentrations and this closely approximates the salinity, In
brackishwater, salinity may be estimated from the chloride
concentration by the fellowing equation :

Salinity in mgllitre = 30 + (1.805) chloride in (mg/litre).

In practice, chioride concentrations (chlorinity) oan be meagured
with refractometers or temperature corrected hydrometers.

The degree of salinity in water reflects geological and
hydrological conditions. Surface waters in aveas of high rainfall
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where seils are continually leached usualty have low salinity (10
to 250 mgflitre). In arid regions, evaporation exceeds precipita-
tion and salinity increases as a result of evaporation. Salinity
values in ponds of arid regions often range between 500 and
2,500 mg/litre and much higher values are often encountered,
Even in areas of high rainfall, ground water from weils may
sometimes have salinity values as high as those encountered in
surface waters of arid regions. Seawater has a high salinity
(35,000 mg/litre), so the salinity of brackishwater ponds reflects
the degree of dilution of seawater and freshwater, High rates of
evaporation in brackishwater ponds during periods of low rainfall
may cause them to become excessively saline. Salinities in
excess of 45,000 mg/litre are difficult for even marine species to
tolerate,

1.4. Turbidity and Colour

The term turbid indicates that 2 water contains suspended
material which interferes with the passage of light, Ia fish
ponds, turbidity which results from planktonic organisms is a
desirable trait, whereas that caused by suspended clay particles is
undesirable. Even with the latter conditions, the clay particles
are seldom abundant enough in water to directly harm fish. If
the pond receives runoff which carries heavy loads of silt and
clay, the silt setties over the pond bottom and smothers fish eggs
and fish food organisms. The clay particles which remain in
suspension restrict light penetration and limit the growth of plants,
A persistent clay turbidity which restricts visibility into the water
to 30 ¢m or less may prevent development of plankton blooms.
Methods of controlling clay turbidity will be discusscd later,

Some ponds receive large inputs of vegetative matter from
their watershed, Extracts from this plant material (humates)
often impart colour to the water., Colour from vegetative
extracts often appears as a dark stain giving the water the
appearance of tea or weak coffee. Pond waters with high conoen-
trations of humates are typically quite acid and have a low total
alkalinity. Although colour does not affect fish direotly, it
restricts light penetration aad reduces plant growth. Agricultural
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limestone applications have been used to successfully remove
humates from natural waters.

1.5. Plankion

Plankton is comprised of all the microscopic organisms which
are suspended in water and includes small plants (phytoplanktion),
small animals (zooplankion) and bacteria. When there is
enough plankton in the water to discolour it and make it appear
turbid, the water is said to comtain a plankton *bloom.' The
phytoplankton uses inorganic salts, carbon dioxide, water and
sunlight to produce its own food. The zooplankton feeds on
living or dead plankton and other tiny particles or organic matter

Phytopm\noh ' -__\ —\

— Zaoplonkton

. Detnlus

Fie. 1.2, A représematiw food web in a Sunfish-bass pond.
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Fig. 1.3, A representative food web in a pond used for Tilapia culture.

in the water. Bacteria utilize any type of dead organic matter
in the waier for food. In fish culture systems where fish are not
provided supplemental feed, plankton forms the most abundant
base of the food web. Examples of food webs in fish cuiture
systems are given in Figs. 1.2 and 1.3. Both food webs begin
with phytoplankton growth. In Fig. 1.2 there are several steps
before ending with largemouth bass, while in Fig. 1.3 the food
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web is simpier because the Tilapia feed directly on plankton. Since
each step in the food web is rather inefficient, a fish culture
system with a more direct food web will produce a greater weight
of fish per unit area. For example, during a 6 month period, the
Sunfish-bass culture might produce 200 kg fishha while thc

Tilapia culture could easily produce 1,000 kg /ha,

Sunfish
production,
kg/ho

o o 1 1 1 1 1 '

——d
0 13 0 15 20 25 30 3%
Particulate organic matter, mg/liter

- Fra. 14, Plankton production (particulate organic matter) and Sunfish
production in ponds,

Because plankton is at the base of the food web, thera is a
close relationship b:tween plankton abundance and fish produc-
tion (Fig. 1.4). In addition to encouraging fish growth, plankton
makes water turbid and prevents the growth of undesirable
aquatic weeds through shading, Despite the benafits of plankton
blooms in fish ponds, more plankton can sometimes be produced
than can be utilized by the fish for growth. Heavy plankton
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blooms usually contain large numbers of blue-green algae which .

can form scums at the surfac:. These scums absorb heat during
the day and cause shallow thermal stratification. During the
night, heavy plankton blooms consume large amount of dissolved
oxygen and may cause oxygen depletion bzfore the next morning.
Scums of plankton may suddenly die, decompose and cause
oxygen depletion. Relationships between plankton and dissolved
oxygen will be treated more thoroughly later. In addition to
causing dissolved oxygen problems, organisms in heavy plankton
blooms often produce substances whick impart a strong off-flavour
to fish flesh. '

There are several techniques for measuring the abundance or
metabolic activity of the phytoplankton. The most popular are
chlorophyll a determinations and measurements of primary
productivity. A method for chlorophyll g is provided later.
The total abundance of plankion is often ascertained from
particulate organic matter analysis. Unfortunately, these
techniques are too tedious for use in practical fish culture. The
most practical technique for use in ponds which do not contain
appreciable clay turbidity is (0 measure the Secchi disc visibility.
Details for making Secchi disc measurements will be given later,
but for now it will suffice to state that the Secohi disc visibility is
the depth at which a disc 20 cm in diametcr with alternative
black and white quardrants disappears from view. There is a
high correlation between Secchi disc vigibility and plankton
abundance, as illustrated in Pig. 1.5(1)¥. It is impossible to
establish an ideal plankton turbidity for fish culture. However,
a Secchi disc visibility in the 30 to 60 cm range is generally
adequate for good fish production and for shading underwater
weeds, As Secchi dis¢ visibilities decrease below 30 ¢m, there
is an increase in the frequency of dissolved oxygen problems.
At values above 60 cm, light penetrates to greater depths
encouraging underwater macrophyte growth and there is less
plankton to serve as food for fish or fish food crganisms.

Plankton communities are constantly changing in species
composition and in total abundance. This results in corresponding

* Nymber in parentheses indicatas the referencs in the Bibliography at the
ond of each chapter.

B T SRy

By by

A AT e e

R R e e



fluctuations in Secchi disc visibility and in the appearance of
pond water. These changes in plankton communities may be
disconcerting to the fish ocuiturist. However, unless plankton
becomes so dease that dissolved oxygen problems occur or se thin
as to encourage underwater weeds, the changes do not affect fish
Porticulote
organic moi.er,

mg/titer
AQr

AOE

o .10 — 2.0 30
"Secchi disk visibility, meters

Fio. L5, Relationship between plankion abumdance (particulate
organic matter) and Secchi disc visibility in fish ponds.
production appreciably. By monitoring Secchi diso visibility on
a regular schedule (once or twice weekly) and observing the
appearance of the water, the fish culturist can obtain information
on the continuing condition of the plankton commuaity in a pond
and on the supply of fish food organisms.
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The ability of water to produce plankton depends on many
factors, but the most important is usnally the availability of
inorganic nutrients for phytoplankion growth. Essential elements
for phytoplankion growth include carbon, oXygen, hydrogen,
phosphorus, nitrogen, sulphur, pofassium, sodium, calcium,
magnesium, jron, manganese, copper, zing, boron, cobalt,
chloride and possibly others. Phosphorus is mosi often the
element regulating phytoplankton growth in ponds. The
addition of phosphate fertilizer will cause an increase in plankton
production and an increase in fish production in most ponds.
Inadequate supplics of witrogen, potassium and carbon also
limit phytoplankton in some ponds. Nitrogen may be limiting in
brackishwater and seawater ponds.

Even though the basic fertility of ponds differs greatly depend-
ing on the management and soils of their watersheds, the level of
plankton production in most ponds can be raised within the range
of plankton production needed for good fish production. Inorganic
fertilizers may be added to ponds with low basic fertility to
increase plankton production., In some ponds, both lime and
fertilizer application may be required to increase plankton
production. Manures also increase plankton production.

1.6. Dissolved Oxygen

Dissolved oxygen is probably the most critical water quality
variable in fish culture, so the fish farmer should be familar
with the dynamics of dissolved oxygen concentrations in ponds.
The atmosphere is a vast reservoir of oxygen, but atmospheric
oxygen is only slightly soluble in water. The solubility of oxygen
in freshwater at different temperatures and at standard sca level
atmospheric prsssuvre is given in Table 1'2, From this Table, it is
readily apparent that the solubility of oxygen in water decreases
as the temperalure increases, When water contains a dissolved
oxygen concentration equal to the solubility of oxygen in water
at the existing temperature, the water is said to be saturated
with dissolved oXygen. If water contains more dissolved oxygen
than it should for the particular temperature, it is supzarsaturated.
Water may also contain less dissolved oxygen than the saturation
value. The solubility of dissolved oxygen decreases with
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TaBLe 1.2. Solubility of dissolved oxygen in pure water at
standard seq level Atmospheric pressure (1 atmosphere)

°’C mgllite  °C mgllitte  °C
0 14.16 2 .. 1043 2 "
1 1377 13 .. 1020 25
2 1340 14 .. 998 26
3 13.05 15 . 976 7
4 12.70 16 .. 956 3
5 12.37 17 . 937 2
6 12.06 18 . 918 30
7 1176 19 . 90l 31
8 1147 20 . 834 3
9 11,19 21 .. 868 13
10 10.92 2 . 853 %
11

10.67 23 . 8.38 35

decreasing atmospheric pressure (barometric pressure). For
example, the solubility of oxygen in water at 25°C differs as
follows with altitude (given in milligrams per litre at specified
altitudes) : 0 m, 84 mgflitre; 500 m, 7-9 mg/litre; 1,000 m,
7-4 mgflitte; 1,500 mg, 7-0 mgflitre ; 2,000 m, 6-6 mgflitre ;
2,500 m, 62 mg/litre ; 3,000 m, 5-8 mgflitre. The solubility of
oxygen in water also decreases as salinity increases. At
temperatures of 20 to 35°C, the solubility of dissolved oxygen
decreases by about 0-008 mg/litre for each 210 mg/litre increase in
salinity. Thus, salinity is not an important factor regulating the

concentration of oxygen in freshwater. Sea water has a high

salinity and dissolved oxygen concentrations at saturation
(Table 1:3) are considerably lower than for freshwater.

" "Even though dissolved oxygen will diffuse into water, its rate
of diffusion is quite siow. Therefore, photosynthesis by phyto-
plankton is the primary source of dissolved oxygen in a fish
culture system. PFish culturists are often ooncerned with the
rate at which dissolved oxygen is removed from the water. The

primary losses of dissolved oxygen from a pond include respiration .

by the plankton (phytoplankton include), respiration by fishes,
respiration by benthic organisms (organisms living in or attached
to the mud) and diffusion of oxygen into the air (7, 10). The
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TasLe 1.3, Solubility of dissolved oxygen In seq water at
standard sea level armospheric pressure {1 Atmosphere)

°'C mgflitre °C mgflitre °C mg/litre
0 1141 12 8.58 -4 6.83
| k.11 13 8.4] 25 6.71
2 10.8) 14 8.24 26 6.60
3 10.56 15 B.07 27 6.49
4 10.30 16 79 28 6,38
5 10,05 17 7.78 29 .. 6.28
6 .. 2.82 18 1.61 30 . 6.18
7 . 9.59 19 7.47 k] | 6.08
8 9.37 20 7.33 32 5.99
9 216 21 1.20 33 e 5.90
10 8.96 22 7.07 34 .. 5381
11 87 23 6.95 35 372

gains and losses of dissolved oxygen in a pond are summarised in
Table 1°'4 along with some values representing the usual
magnitudes of daily gains and losses.
that plankton and fish respiration cause the major losses of
dissolved oxygen and that photosynthesis is the largest source.
Diffusion of oxygen into ponds only ocours when waters are
below saturation and diffusion of oxygen out of ponds only occurs

It is readily apparent

TanLE 4. Ranges of expected gains and losses of dissolved
oxygen caused by different processes in fish ponds, for

Ponds of 5.0 to 1.5 metres average depth

Process Range
mg/litee
Gains
Photosynthesis by phytoplankton 51020
Diffusion 1to §
Losses
Plankton respiration 5t0 15
Fish respiration 2to 6
Respiration by organisms in mud Tto 3
lto §

Diffusion
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when waters are supersaturated. The larger the difference between
the dissoived oxygen concentration in the pond water and the
concentration of dissolved oxygen at saturation, the greater is the
rate of diffusion. Wind and wave action also favour diffusion.

In a fish culture system, more oxygen must enter or be
produced in the water by plankton thanis used by the organisms
or dissolved oxygen depletion will occur. Since nutrients are
normally abundant in well managed fish ponds, light is often the
primary factor regulating photosynthesis by phytoplankton.
Light rapidly decteases in intensity as it passes through water.
This is true even in pure water, but the decrease is even faster in
fish ponds because the planktonic organisms and other suspended
and dissolved substances reflect and absorb light. Therefore,
the rate of oxygen production by phytoplankton decreases with
depth and below a certain depth, no more oxygen is produced,
Since oxygen is continually used by the pond biota and only
produced during daylight hours by the phytoplankton, there is a
depth at which dissolved oxygen production by the
phytoplankton and that entering by diffusion just equal the
combined utilization of dissolved oxygen by pond life, Below
this depth in stratified ponds the water will contain no dissolved
oxygen, The stratification of dissolved oxygen in ponds usually
corresponds closely to thermal stratification (3). The epilimnion
contains dissolved oxygen and the hypolimnion is depleted of
dissolved oxygen. As with thermal stratification daily dissolved
oxygen stratification may occur in small shallow ponds.

Obviously, the depth to which light intensity is great enough
for adequate photosynthesis to provide surplus dissolved oxygen
is related to plankton density, Photosynthesis decreases with
decreasing light intensity and as plankion becomes more abundant,

the rate of oxygen consumption by the plankton community

increases. When plankton abundance is great, dissolved oxygen
production is extrem:ly high near the surface. Because of
shading, the rate of oxygen production will decrease rapidly with
depth and only a thin layer of surface water, often less than 1 m
will contain appteciable dissolved oxygen. In ponds where
plankton is less abundant, rates of dissolved oxygen production
are not as high within the illuminated layer of water, but there
will be appreciable oxygen production and surplus dissolved
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oxygen at greater depths than in ponds with greater planktoi
turbidity. The influence of plankton turbidity on the depth
distribution of dissolved oxygen in ponds is illustrated in Fig. 1.6.

As a general rule, most ponds will contain enough dissolved

oxygen to support fish to a depth of at least iwo or three times
the Secchi disc visibility.

Depth,
mlers
heavy plankton
0.5 bloom \

w.moderate plankton
bioom

™= light plonkton

bloom
1.5
2.0
2.5
i 'l '} 1 L L 1 1 [ i 1 L
0 4 8 12 16 20 24

Dissolved oiygan, mg/liter
Fic, 1.6. Dissolved oxygen conce trations in the afternoon at different
depths in ponds with different densities of plankton.

There is also a marked fluctuation in dissolved oxygen
concentration during a 24 hour period in ponds. Concentrations

. of dissolved oxygen are lowest in the carly morning just after

sunrise, increase during daylight hours to a maximum in late
afternoon and decrease again during the night. The magnitude
of fluctuation is greatest in ponds with heavy plankton blooms
and least in ponds with low plankton abundance, Daily
fluctuations of dissolved oxygen concentrations in ponds with
different plankton densities are depicted in Fig. 1.7. In ponds
with extremely densc plankton blooms, dissolved oxygen concen.
trations will often be below 2 mg/litre in early morning. Concen-
trations ar¢ particularly low during periods of cloudy weather
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Fig. 1.7, Daily Auctmations in dissotved oxygen conoentrations of surface
water in ponds with different densities of plankton,
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Fig. 1.8. Influence of cloudy weather on dissoived oxyﬁen congceniratiois
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(5, 12). The production of oxygen on a clondy day is less than
on a clear or partly cloudy day, so dissolved oxygen concentrations
do not increase to vsual afternoon fevels. This results in lower
than usual dissolved oxygen concentrations the following morning.
Extended periods of cloudy weather may result in dangerously
low dissolved oxygen concentrations even in ponds with
moderately heavy plankton blooms. The influence of cloudy
weather on dissolved oxygen concentrations is illustrated in
Fig. 1-8.
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Fic. 1.9. Decline in phytoplankion following a phyioplankton die-off
in a fish pond. The die-off began on April 29.
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In ponds with heavy piankton blooms, seums of algae often
Form at the surface, A tha in these stums will
stiddenly die and their m result ‘in deplstion of
dissolved oxygen (2, 6, 12). For examplo, Fig. 19 illustrates the
sudden death of phytoplankion in a fish pond. The dissolved

‘Dissolved
oxygen,
mg/liter

i2r

18 22 26 30 4 8 12 18
© Aprit Moy _
Fig. 1,10, Concentrations of dissolved oxygen before and aftet a phyio-

plankton die-off in a fish pond. ‘The phytoplankton began dying ot
April 29,

oxygen conocentration quickly dropped bélow a detectable level
(Fig. 1.10). Dissolved oxygen concentrations did no¢ return to
normal levels uatil a new phytoplankton community was
established (Figs. 1.9 and 1.10). Phytoplankton dic-offs usuaily
oocur during calm, olear, warm weathet, Ose oan recognize a
die-off because the algae scum deteriorates and the wuter wkes
an & brown or gray appearanod. =
2
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Winds or heavy, cold rains may break up thermal stratification
in ponds (12), cansing complete mixing (¢ overturn’) of oxygen-
less waters of the hypolimnion and the oxygenated water of the
epilimnion. If the pond contains a large volume of oxygenless
water, oxygen depletion may result.

Fish require adequate concentrations of dissolved oxygen for
survival and growth. The minimum concentration for fish
survival varies with time of exposure. A fish may tolerate a
particularly low concentration of dissolved oxygen for a few hours
without ill effect, but will die if exposed to this same
concentration for several days, The concentration of dissolved
oxygen tolerated by pond fishes is illustrated in Fig, 1,11, with
additional data on oxygen requirements presented in Table L.5.
Low dissolved oxygen concentrations adversely affect fish even at
levels which do not cause mortality, making them more succepti-
ble to parasites and diseases (9). In addition, fish do not feed
or grow as well when dissolved oxygen concentrations remain
continuously bzlow 4 or 5 mgj/litre (5). Daily fluctuations of
dissolved oxygen in fish ponds apparently have little effect on
feeding and growth as long as the minimum dissolved oxygea
concentration for the day does not drop below 1 or 2 mgjlitre in
the early morning and then rises near saturation within a few
hours after sunrise, If dissolved oxygen congentrations remain
at less:than 3 or 4 mg/litre for prolonged periods, fish cease to feed
or grow well,

TasLE 1,5, Reported lethal concentrations of dissolved oxygen
Jor selected species of pond fish

Species Lethal level
{mg/litre)
Carassius auratus (goldfish) . 0.1t020
Catla carla (catla) .. 07
Cirrking mrigala (mrigal) - .. 0.7
 Ctenopharyngodon ideila (grass carp) .. 021006
Cyprinus carpio (COMMON Carpy .. 021008
" Hypophthalmichthys molirix (silver carp) .. Bb3tela
" Labeo rohira (rohu) . 07
Tctalurus punctatus {channel catfish) o 081020
Lepomis macrachirus (bluegilt) .. 051031

Micropterus salmoides (largemouth bass) .. 0910 3.1
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1.7, pH

The pH is a measure of the hydrogen ion concentration and
indicates whether the water is acidic or basic in reaction. ThepH
scale ranges from 0 to 14, with pH 7being the neutral point. Thus,

a water of pH of 7 is neither acidic nor basic, while a water wtth
pH betow 7 is acidic and one with a pH above 7 is basie. The
greater the depacture from pH 7, the more acidic or basica water‘

Or small tish survwe
’ short exposure ..

0.3F
: letha!l if exposure
prolonged.

eof | |

300 &flSh survive but gromh
slow for prdonged
euposure

. Dissolved o:;ygen, mg /liter

'  desiroble ronge

e !

Fra, 1,11, Effects of dissolved oxygen mmtwmoapond fish,

t The pH of natural waters is greatly ihﬂnémed iay the eom-
i tration of carbon dioxide, an acidic substance. Phyfoplankton
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and other aquatic vegetation remove carbon dioxide from the
water during photosyathesis, so the pH of a body of water rises
during the day and decreases during the night (Fig. 1.12).
Waters with low alkalinity often have pH values of 6to 75
b:fore daybreak, but when phytoplankton growth is heavy,
afternoon pH values may rises to 10 or even higher (11).
Fluctuations in pH are not as great in water with higher total
alkalinity where pH values normally range from 7.5 or 8at
daybreak or 9 or 10 during the afternoon. In som: water with
extremely high total alkalinity and particularly in water with

pH

10(

L4 ol i - 1 J
Sa.m, Noon Gp.m. i2pm.  Gam.
Time of doy

Fia. 1.12. Daily fluctuations in pH in a fish culture pond.

high total alkalinity and low total hardness, pH values may
rise above 11 during periods of rapid photosynthesis (11).
Obviously, pH measvrements should be made in the carly
morping and again in the afternoon to assess the typical pH
pattern for a pond. Waters with pH values of above 6.5t0 9 at
daybreak are considered best for fish production. Some ponds

which receive drainage from acid goils or swamps may be too acidic
for fish production.. Waters with extremely high total alkalinity

may have pH values too high for fish culture. Methods for
increasing or decreasing the pH of pond water will b2 giv
later. ‘
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The acid and alkaline death points for pond fish ar: approxi-
mately pH 4 and pH 11 respeotively (11). Even though fish,
may survive, production will bs poor is pond with early morning
PH values between 4 and 6 and bstween 9 and 10 (Fig. 1.13).. The
afternoon pHin many fish culture systems rises to 9 of. 10 t‘or
short periods without adverse cﬂ‘eot on ﬁsh :

41 - ocid death point
} no reproduction _

ST slow growth
6 =i
7+ -

x desirable ronge for fish

e gl ( production
of

g[8 J

1l alxoting deoth poiey

Fia, 1,13, Effect of pH on pend fish,

1.8, Carbon dioxide

ngh conoentrations of carbon dioxide can be tolerated by
fish, although fish avoid levels as low as 5 mg/litre. Most
species will survive in waters contaming np to 60 mgjlitre
carbon dioxide, provided concantrations are high (8), When
dissolved oxygen conoantrations are low, the presenge of
appreciable carbon dioxide hinders the uptake of oxygen by. the
fish. Unfortunately, carbon dioxide concentratjons are normally
quite high when dissolved oxygen concentrations are low,  This
pesults because carbon dioxide is geleased. i mph‘%tion and
utilized in photosyathesis, When .dissolved oxygen is low,
photosynthesis is not prqcecdmg rapidly. Therefore, “carbon
dioxide concentrations rise bacause garbon dioxide releaged by

t
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respiration is not absorbed by phytoplankton for use in photo-
synthesis. B:cause of the relationship of carbon dioxide to
respiration and photosynthesis, carbon dioxide concentrations
usually increase during the night and decrease during the day.
Particularly high concentrations of carbon dioxide occur in ponds
after phytoplankton die-offs, after destruction of thermal
stratification and during cloudy weather.

The influence of photosynthesis on pH is caused by casbon
dioxide uptake according to the following equation :

2HCO, = CO, 4 COy + H,0.
As plants remove carbon dioxide for use in phytosynthesis,

carbonate accomulates in the water, Carbonate hydrolyzes as
follows ;

CO,Y + H,0 = HCO, 4 OH".
The accumulation of hydroxide canses the pH to rise. At night,
plants quit removing carbon dioxide and carbon dioxide from
Tespiratory processes accumulates in the water. This causes the
pH to drop because carbon dioxide, carbonate and water react
to form bicarbonate, In other words, the reactions shown above
£o to the right during the day, but at night they go to the left.

1.9, Ammonia

Ammonia reaches pond water as a product of fish metabolism
and decomposition of organic matter by bacteria. In water,
ammonia nitrogen occurs in two forms, un-ionized ammonia and
ammonjum ion, in a pH and temperature dependent equilibrium :

NH, + H,0 = NH," 4- OH",
As pH rises, un-ionized ammonia (NH,) increases relative to
ammonium ion, Temperature also causes an increase in the
proportion of un-ionized ammonia, but the effect of increasing
temperature is less than that of increasing pH. Percentages of
un-jonized ammonia at different temperatures and pH values are
given in Table 1.6. Analytical procedures for ammonia measure
both un-ionized ammonia and ammonium ion (total ammonia
nitrogen). The percentage un-ionized ammeonia for the appro-
priate temperature and pH may be multiplied by the tota)
ammonia nitrogen concentration to estimate the concentration of
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un-ionized ammonia. For example, supposc the pH is 90
temperature is 28°C and total ammonia nitrogen is 1.0 mg{litre i

The percentage un-ionized ammotia is 41,29, at pH %and 28°C;

the un-ionized ammonia concentration is 17X 0,412 =
0.41 mgflitre, The answer is in terms of ammoma-nitrogen to
convert to ammonia, multiple by the ratio 17/14 —ths moleeular
wmght of ammoma to thc atomlc welght of mtrogen. o

TasLe 1.7. Percentage un-tonized ammonia in agueous solusion
at different pH values and temperatures

‘ - Teraperature (°C) _
pH 16 1820 -2 ¥ 2% 28 30 32

70 .. 030 034 040 046 032 060 07 081 &S5
72 .. 047 054 063 072 082 095 L10 127 1%
74 .. 074 08 09 114 130 150 173 200 236
76 ., 117 135 156 1.9 205 235 272 313 369
78 .. 1.84 212 245 280 321 368 424 488 572
80 .. 288 332 383 437 499 571 635 152 87U
82 .. 449 516 594 676 768 875 1000 1141 1322
84 .. 693 794 909 1030 11.65 1320 1498 1656 1946
86 .. 10.56 1203 1368 1540 1728 1942 21.83 2445 27468
88 .. 1576 17.82 2008 2238 2488 2764 3068 3390 3776
9.0 .. 2287 2557 2847 31.37 3442 3771 4123 4484 4902
92 .. 3197 3525 3869 4201 4541 4896 52.65 5630 60.38
94 .. 4268 4632 35000 5345 5686 6033 6L 6712 WM

96 .. 5414 5777 6131 .64.54 67,63 T0.67 7363 7639 T9.29

98 .. 6517 6843 7153 7425 7681 7925 81,57 %368 8588
100 .. 7478 7746 7992 8205 84,00 8582 87.52 $9.05 90.58
102 ., 8245 8448 86.32 87.87 8927 9056 91.75 92.80 9384

As ammonia concentrations increase in the water, ammonia
excretion by fish diminishes and levels of ammonia in blood and
other tissue increases. The result is an clevation in blood pH
and adverse effects on enzyme-catalyzed reactions and membrane
stability. The permeability of the fish by water is affected and
internal ion concentrations inorease, Ammonia increases oxygen
consumption by tissues, damages gills and reduces the -ability of
blood to transport oxygen.- Histological changes occur in the

‘gills, Kidneys, spiecen, thyroid and blood of fish exposed to

sublethal concentrations of ammonia. Disease susceptibility also
increases in fish éxpored to vublethal voncentvations of amwmonia.

i
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The tolerance of fish to ammonia wvaries with speoies,
physiological condition and environmental conditions. Lethal
concentrations for short-term exposure (24 to 72 hours) are
between 0.4 and 2 mgflitre (5). Sublethal effects (histological
changes) have been attributed to ammonia concentrations as low
as 0.01 mg/litte. Ammonia concentrations as low as 0.06 mg/
litre have slightly reduced growth in channel catfish; 0.52 mg/
litre caused a 50 9 reduction in growth in this species; no growth
ocourred at 0.97 mg/litre.

It is difficult to evaluate ammonia concentrations in ponds
b:cavse of the daily cycle in pH. Un-ionized ammonia may be
quite high in the afternoon and negligible during the night,

1.10. Nirite

When nitrite is absorbed by fish, it reacts with haemoglobin to
form methemoglobin. Because methemoglobin is not an effective
oxygen ocarrier, continued absorption of nitrite can lead to
hypoxia and oyanosis., Blood containing methemoglobin is
browan, so nitrite poisoning in fish is frequently called brown-
blood disease.

The sources of nitrite in fish ponds have not been definitely
identified. However, the most likely source is the reduction of
nitrate to nitrite in anacrobic muds. Regardless of the source,
ponds oceasionally contain nitrite concentrations of 0.5 to 10
mg/iitre.

It is difficuit to establish a lethat threshold value for nitrite,
for its toxicity is related o water quality. Chloride and appar-
ently calcium ious reduce the toxicity of nitrite to fish. As long
as the molar ratio of chloride to nitrite does ntot drop below 3,
channel catfish are not harmed by nitrite. Hence, sodium
chloride application may be used to prevent brown.blood disease
when nitrite concentrations are high. Calcium chloride is more
effective than sodium chloride in alleviating nitrite toxicity in
trout and salmon, Thus, the toxic level for nitrite varies with
chloride and possibly calcium concentrations. Of course, a given
leve! of nitrite in a particular water results in a specific percent-
age of methemoglobin in -fish, However, the percentage. of

A L L L R e s S+ 1L e e p st r e
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methemoglobin that -is necessary to harm fish will differ with
dissolved oxygen concentration. There is also. cvldcnoo

the toxicity of nitrite increases with decreasing pH. Nitrite
concentrations above 1 mgflitre in pond water are usually
considered undesirable unless chloride conoentrauonsare sevcrai
milligrams per litre, :

1.11. Hydrogen sulphide

Under anaerobic conditions, ocrtain heterotrophic- bwbeth
can use sulfate and other oxidized sulfur compounds as' terminal
electron acceptors in metabolum and excrete su!phlde as lllustntei

delow:
S0, 4 8H* 4+ 5% 4+ 4H,0.

The sulphide excreted is an jonization product of hydroocq
nulplnde and participates in the following equillibria : .

HS = HS 4 H+;
HS=S‘“+H—

The pH regulates the distribution of total redueed m!ﬁw
among its forms, Un-ionized hydrogen sulfide is texip te #ish,
but the ions resulting from its dissociation are not appreciably
toxic, Analytical procedures meéasure total sulphide ; values given
bolow show the peroentase of un-ionized hydrogen lmlﬁdo M
different pH values ; :

pH Hy dragen sulpkide (%)
50 . 99.0

55 o 910 .

6.0 . 911

6.5 76.4

7.0 50.6

1.5 : 24.4

80 2.3

8.5 o . .31

.90 c R X I

. Con@traﬁous_ of hjdrosexi ,aulﬁﬁidc of 9.01 to 0.05 _mg[l_ig?
aré lethal to fish and. any detectable concentration of byd:m
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sulphide in pond water is considered undesirable. Obviously, if
the pH of a water can be increased by liming, the toxicity of
hydrogen sulphide will decrease.

1.12. Tortal alkalinity and total hardness

The term total alkalinity refers to the total coneentration of
bases in water expressed as milligrams per litre of equivalent
calcium carbonate. In natural waters, these base are primarily
carbonate and bicarbonate ions. Another way to think of
alkalinity is in terms of basicity and resistance to pH change.
The amount of acid required to cause a specifled changein pH ina
given volume of water increases as a function of the total alkalinity
levels of the waters, In general, early morning pH is greater
in waters with moderate or high total alkalinity than in waters
with low total alkalinity. The availability of carbon dioxide for
phytoplankton growth is related to alkalinity. Waters with total
alkalinities less than 15 or 20 mg/litre usually contain relatively
little available carbon dioxide. Waters with total alkalinities of
20 to 150 mgfiitre contain suitable quantities of carbon dioxide
to permit plankton production for fish culture, Carbon dioxide
is often in low supply in waters with more than 200 to 250 mg/
litre of total alkalinity. The afternoon pH in waters with low
total alkalinity may often be as great as in waters with moderate
or high total alkalinity. Waters of low alkalinity are poorly
buffered against pH chauge and the removal of carbon dioxide
results in rapidly rising pH.

The total concentration of divaleat metal ions (primarily
calcium and magnesium) expressed in milligrams per litre of
equivalent calcium carbonate is termed the total hardness of
water. Total alkalinity and total hardness values are normally
similiar in magnitude because caleinm, magnesinm, bicarbonate,
and carbonate ions i water are derived in equivalent quantities
from the solution of limestone in geological deposits. However,
in some waters total alkalinily may exceed total hardness and
vice versa. If total alkalinity is high and total hardness low, pH
may rise to extremely high levels during periods of rapid photo-
gynthesis, S ' -
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 Desirable levels of total hardness and tofal alkalinity for i

culture generally fall within the range of 20 to 300 mg/litre.

* If total alkalinity and total hardness are too low, they may b
raised by liming. However, there is generally no practical way
of decreasing total  alkalinity and total hardness when they are
above the desirable level. As a general rule, the most produetive
waters for fish culture have total hardness and total alkalinity
values of approximately the same magnitude. For example, a

water with a total alkalinity of 150 mg/litre and a_total hardness
of 25 mgflitre is not as good for fish culture as a water in
which the total alkalinity is 150 mgjlitre and the total hardness
is 135 mg/lltrc.

Corak

113, Agquatic weeds

Large aquatic plants (aquatic maerophytes) whick may grow
in fish ponds are usually undeslrablc. They interfere with fish
management operationssuch as seining, feeding and fish harvest,
compete with phytoplankton for nutrients, provide havens for
prey fish to gscape predatery fish and thus encourage unbalanced
fish populations, favour mosquito production and contribute to
water loss through evapotranspiration. Aquatic macrophytes
include filamentous algas and submergzd, floating-leafed, floating
and emergent macrophytes. Aquatic macrophytes which being
their growth at the pond bottom are limited to relatively trans-
parent waters. Therefore, management procedures which favour
plankton turbidity will often climinate macrophytes(13).
Obviously, floating or floating-leafed macrophytes must be
controlled by other methods,
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FISH FEEDING AND WATER QUALITY

Fish eat most of the feed applicd to ponds, but on a dry
matter basis, only a small peroentage of the chemical substanoes
in feed are converted to fish flesh. To illustrate, in channet
catfish culture, feed conversion values (weight feed applied/
weight fish produced) are about 1.5. Thus, if 3,000 kg of feed
were provided to flsh in a i-ha pond, 2,000 kg of fish could be
expected. However, the fish are about 233 dry matter and
the feed is about 929, dry matter., Thus, 2,760 ks of dry matter
in feed might result in 500 kg of dry mastter in fish — & dry
matter conversion ratio of 5.52. Ths difference between dry
matter in feed and in fish, 2,260 kg represents chemioal sub-
stances that reach the water in metabolic wastes. The wastes
includes carbon dioxide, ammonia, phosphate and other orgnie
and inorganic substance.

Nutrients from metabolic wastes stimulate phytoplankton
In a oatfish pond reotiving upto 50 kg/ha of feed per day (1),
the metabolic waste from the production of 1 kg of live catfish

resulted in 2.69 kg of dry weight of organic matter in phyto-

plankton. Furthermore, fish excrete ammonia, each kg of live
catfish resulted in 0.061 kg of ammonia(1). Thus, ufudins

rates increase, phytoplankton density and ammonia concentrs-

tion increase in fish ponds. For exmple, at feeding rate of
%0 kg /hajday, chlorophyll ¢ concentraiions averaged 45
fitre in catfish ponds; at 100kg/ha/day of feed, chiorofh

a averaged 75 ugflitre. OF course, peak chlorophyll ¢ concil-
frations were much greatet — 150 and 250 pgflitre

at feeding rates of 50 and 100 kg/ha/day. Totsl antiiodin
fitrogen averaged 0.5 mgjlitre at 50 kg/ha/day of feed wid
0,9 mg/litre at 100 kg/ba/day. Of oourse, peak donueﬂmﬁs
were higher,

The demity Mphvtoﬁanmdnﬁu&ommonm
Yeason iv also reimed to féedimg rate. For example, #s the
foeding rate wad - gradushly imcronsed in a cajlish - pomd,
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phytoplankton abundance,increased as evident from a decredse in
Secchi diso visibility (Fig. 2.1).

Dissohed - Secchi disk
oxygen, visibility,
mg/liter cm
o ior Jico
8l Secchd ok 4a0
visibi
6} 460
dissolveg
a4t oxygen dao
- 2k =20
. 'J L.
- L el L i 1 0
o 20 - 30 40 50

Feed, kg /hg per day

" Fig. 2.1, Secchi dise visibilities and carly morning (0630 hes.) dissolved

OXYgen concentrations in a channel catfish pond as the feeding rate was
graduatly increased from May to September,

. 'As phytoplankton density increases with feeding rate, there

is a decrease in the early morning dissolved oxygen concentra-
tion (Fig. 2.1). In ponds stocked at different rates with channel

catfish (3), there was good agreement between feeding rates,

‘Seechi disc visibility (phytoplankton abundance) and early
-morning dissolved oxygen concentrations (Table 2.1). If feeding

gate continues to increase, a level is reached where phytoplankion
abundance is so great that dissolved oxygen depletion may occur
each night. Without aeration, fish cannot survive at very high
feeding rates. Of course, even with asration and adequate
dissolved oxygen concenteations, feeding rates may beoome so

_high that high ammonia concentrations limit fish production.
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- As feeding rates increase, fish production increases. How-
ever, because ammonia concentration increase and dissolved
oxygen concentrations during the night decrease, conditions for
fish production gradually decline as fecding rates increase. For
example, at feeding rates of 34, 56, 78 and 92 kg/ha of feed
per day, feed comversion values for channel catfish in - ponds
were 1.3, 1.7, 2.5 and 6.3 respectively. Hence, as feading
rates and fish production increase in un-acrated ponds, the amount
of feed required to produce a given weight of fish incroasens
Because of the diminishing returns from feed, a point is reaohed
where applymg more feed becomes unwonom:cal .

" TaBLE 2.1, Average early morning dissolved oxygen concentrations
‘ and Secchi dise visibilities in channel Catfish ponds

with differemt feeding rates
oy - | S
- ' morning Secchi
Feeding rate dlssolved disc
rcn visibility

(mg! itre) (cm)

Low (34 kgfhafday) .4 &8
Mediym (56 kgfha/day) . 2.95 45

High (78 kg/ha/day) ' .. 188 _ 2_1'

In aerated ponds, feed conversion values were cssentially
constant (1.3 to 1.8) between feeding rate values of 25 and 12§
kg/ha/day. At 150 kg/ha of feed, the feed conversion
value was 3.0. At 200 kg/ha of feed per day, the feed
conversion value was over 15. Dissolved oxygen concentrations
were adequate in all ponds and the increase in feed conversion

. values at high feeding rates was attribuied te high ammonia

concentrations.

The ultimate limit on feeding rate and fish production is
set by water quality. As a general rule, fish production increases
{inearly with feeding rate while water quality deteriorates
exponentially with feeding rate.

Odours and flavours described as ‘ earthy-musty’ are often
detected in fish from ponds. These odour and flavours originate
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from organic substances that are syntheslsed and excreted into
the water by blue.green algae and actinomycetes. The sub-
stances ave absorbed by fish and impart an ¢ off-favour’ {o fish
Besh. Off-flavour is an important problem in the commercid!
culture of fish, for off-flavour fish may not be suitable for
market. The environmental factors that favour off-flavour in
pond fish are not understood. However, the problem is worse
during warm weather and in ponds with high feeding rates (2),
Many techniques for preventing off-flavour in pond fisk have
been tried, but none have been sucoessful in all cases. At present,
the only known means of immediately removing off-flavour
from fish is to hold the fish in fresh water for several days,
This techmique is usually impractioat, Fortunately, off-flavour
problems usually disappears from pond within afew weeks to
a few months. Many times, through the necessity 1o hold
fish for a indeterminable period while off-flavour disappears is
an inconvenience and added cost to fish farmers.

BIBLIOGRAPHY

Bovp, C. B, 1985, Chemical budgets for channel catfish ponds. Trans,
Amer. Fish, Soc., 114 {in press). :

Brown, S. W. anp C. E. Bovp 1982, Off-flavor in chatnel catfish from

comme=rcial ponds, Ibid., 111 ; 379383,

Tuckex, L., C. E. Boyp ant E. W. McCoy 1979, Effects of feeding rate on
water quality, production of channel catfish and economic returns,

bid., 108 : 389-396,

B T ——

g 2y

R T

P A A L P A P 0 T e, i,



L e e i R A e R

s Bl e e A e

4

LIMING

£3

4.1, Imtroduction

Phytoplankton growth in waters with low alkalinity is often
limited by inadequate carbon dioxide and bicarbonate ion, Some
waters of low alkalinity are so acid that fish do not survive .

or grow well. Muds in ponds with low total alkalinity are
acid and strongly absorb the phosphorus added in fertilizer.
The addition of a liming material increases the pH of bottom
muds and makes phosphorus more available. Liming also
increases the availability of carbon for photosynthesis by rais-
ing the total alkalinity of the water. The greater total altkalinity
after liming results in a higher concentration of bicarbonate ion
which is in equilibrium with carbon dioxide. Liming also
iucreases the pH and total hardness of pond waters. Ponds
with total ajkalinity values less than 10 mg/litre seldom preduce
adequate plankton for good fish production unless they are
limed. Responses to fertilization are variable in unlimed ponds
with waters containing 10 to 20 mg/litre total alkalinity, but
unlimed ponds with waters above 20 mg/litre total alkalinity
consistently, produce adequate plankton after fertilization to
altow good fish production provided all other factors age favour-
able (5).

. The decision to lime a pond should always be based upon
total alkalinity measurements rather than guesswork. Ponds in
same general area may differ greatly in fotal alkalinity. For
example, most ponds near Awburn, U.S.A. will benefit from
liming, but among these ponds are a few which have total alka-
livity values well above 20 mg/litre, The ¢ rule of thumb ™
recommendation that all ponds in the vicinity of Auburn,
Alabama need lime would result in unnecessary and wasteful
application of lime to some ponds. In determining whether
or not to lime a pond, one should recognize that thereis no
single total alkalinity value below which lime is undoubtedly.
needed. EBxperience has shown that liming is of little or no
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benefit if total alkalinity is above 20 mg/litre. At total alkalinity
values below 20 mg/litre, judgment must be used to decide
whether or not to lime because the need for lime increases with
decreasing total alkalinity. In ponds with total alkalinity values
between 15 and 20 mgflitre, the response to liming may be too
slight to justify the effort and expense. One should not use
lime in a pond il fertilization is not to be employed because
liming alone will not appreciably increase fish production except
in waters that are so acid that fish will not survive or grow at
normal raies. Furtbermore, lime is seldom necded in ponds
where fish are supplied feed and do not depend upon naturally
ocourring organisms for food.

4.2. Lime requirement

When lime is applied to a pond, it reacts with the mud and
until enough lime is added to satisfy the lime requirement of
the mud, little if any of the added lime will be available to
increase the pH, total alkalinity and total hardness. A lime
requirement procedure is available for determining the amount
of lime needed to raise the total alkalinity above 20 mgflitre
in ponds (2, 4. A simplified lime requirement technique
is provided in Chapter 7. This procedure is based upon a chemioal
analysis of a mud sample and mauny fish culturists and biologists
will bz unable to obtain a lime requirement value for their pond,
In this event, liming material equivalent to about 2,000 kg/fha
of calcium carbonate may be applied and the total alkalinity
determined after 1 or 2 months. If the total alkalinity is still
too low, another application equal in amount to the first should
b: made and the total alkalinity measured again. This proce-
dure should be repeated until enough lime has been applied to
maintain the total alkalinity above 20 mgflitre. The addition
of liming material equal to about 2,000 to 6,000 kg/ha of calcium
carbonate should suffice for most ponds, However, some ponds
which have high concentrations of organic matter in bottom
muds or have sulphide deposits in bottom muds or on their water-
sheds may require much grester amounts of lime. Occasionally
the lime application rate may be so high that cost of the lime
will be prohibitive and the water will be unsvited for fish
culture,
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. Typical effects of liming may be illustrated by results of
experiments conduoted at- Auburn University (1). Agricultural
limestone (finely c¢rushed dolomite) was applied to five ponds
at the rate of 4,000 kg/ha and Hve ponds served as the unlimed
controls, All ten ponds were fertilized. Liming caused a
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Fio, 4.1, Effect of application of agricultural limestone on total hardoess
and total alkalinity in fish ponds,

marked increase in total hardness and total alkalinigr (Pig.
4.1). The pH of bottom muds increased in the limed ponds

(Table 4.1). The production of Tilapia was 25% greater in the
limed ponds than in the control ponds. The total alkalinity of

TavLe 4,1. Average tiud pH values for five limed and five unlimed
Ponds — lime applied between February 17 and March 17, 1983

November August January

Ty nd
be o 972 19m 19
Limed . 52 671 68
Untimed .. 34 35 58
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these ponds before liming averaged 13.5 mg/litre, Bven greater
responses to liming have been reported in waters which had
lower total alkalinity before liming.

4.3. Applying lime to ponds

Agricultural limestone is the best liming material to use in
pouds. The material should be finely ground (particles should
pass through a sieve with 0.025 cm openings) and have a high
neutralizing value. Small particle size is necessary so that the
agricultural limestone will react quickly with water and mud.
The neutralizing values of liming materials refer to the amounts
of acid they will neutralize, expressed as a percentage of the
amount of acid neutralized by an equal amouat of pure calcium
carbonate (3). A method for determining neutralizing value
is provided in Chapter 7. Thus, pure calcium carbonate
has a geutralizing value of 1003 and is used as a standard
in referring to liming rates. In other words, if one wants to
apply a liming material at a rate equal to 2,000 kg/ha of calcium
carbonate and the Jiming material has a neutralizing value of
803, he should apply 2,500 kgfha (2,000 kg + 0:80) of the
liming material,

Hydrated lime [calcium hydroxide, Ca(OH),) and burnt
lime (calcium oxide, CaQ) have higher neutralizing values
than agricultural limestone, bat if applied in large quantities,
hydrated lime and burnt lime cause exXcessively high
pH and fish mortality, Hydrated lime and burnt lime are
sometimes applied to waters which contain no fish or to muds
of ponds which have been drained to raise the pH and kill fish
disease organisms. Basic slag has been used as a liming material
in fish culture, but its neutralizing value is lower than that of
most agriculiural limestones and extremely large applicationa of
basic slag are required. Agricultural gypsum (calcium sulphate,
CaSQ,2H,;0) is not a liming material, although it has incor-
rectly been used as one by some fish culturists.

Liming materials can be easily broadcast over the bottoms
of empty ponds, but application is more difficult-when ponds
arc full of water. Best results may be achieved by broad-
casting the liming material over the entire pond surface, Bags
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of liming material may be emptied from a moving boat. Bulkliming
material is cheaper and may be applied from a plywood platform
attached between two boats, Liming materials should be applied
during the late fall or early winter in temperate regions so that
it will react with waters and muds before fertilizers are applied
in the spring. In tropical regions, lime should be applied at
least 1 month before fertilizer applications are imitiated. This
is important because liming materials will precipitate phosphorus
if applied at or near the same time as fertilizers. However, once
the liming materidl has reacted with the mud, greater availability
of phosphorus fertilizer will result. The residual effect of
liming is governed by the rate of water loss to seepage and pond
overflow. In ponds with normal rates of water loss, liming will
usually last for 3to5 years, Once a pond has been limed,
small annual applications (209, to 25 % of the initial application
rate) may be used to avoid having to make large applications
of lime every few years.
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DISSOLVED OXYGEN AND AERATION -

5.1. Introduction

Almost all problems with dissolved oxygen in fish culture are
the consequences of heavy plankton blooms. In fertilized ponds,
fertilization should be halted when plankton blooms get too
dense (i.e., Secchi disc readings of 25cm or less). In ponds
where fish are supplied feeds, heavy plankton blooms are the
natural consequences of high feeding rates. Lower feeding rates
will result in less plankion growth, but only at the expanse of
decreased fish production. Suitable plankton densities result in
Seochi disc visibilities of 30 to 60 cm. The probability of
problems with low dissolved oxygen concentration increases as
the magnitude of the Secchi disc visibility decreases below 30 ¢m.
In ponds with Secchi disc visibility values of 10 to 20 cm,
dissolved oxygen con¢:ntrations may fall so low at might that
fish are stressed and a cloudy day may lead to dissolved oxygen
depletion before the mext morning. ' Acration is an éffective
means of preventing fish mortality when dissolved oxygen is low
and aeration can-be used to permlt lngh levels of fish
production,

5.2. Management of dfssolved oxygen

Anumber of prooedures ‘are used to prevent fish kills whcn
dissolved oxygen concentrations are dangerously low. Application
of upto 6 or 8 mgflitre of potassium permanganate has becn
frequently. recommended. in the United States, - The potassium
permanganate is supposed to oxidize organic matter and lower
the demand for dissolved oxygen in the pond. Recant research
at Auburn University has demons(rated that potassium perman-
ganate is entirely worthless for this purpose and that its
application actually increases the length of time required for
dissolved oxygen concentrations to return to norma) levels,
Applications of calcium hydroxide have been recommended to
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destroy organic matter in ponds with low dissolved oxygen
concentrations and thereby reduce rates of oxygen consumption
by bacteria. There is no reason to believe that applications of
calcium hydroxide will lower concentrations of organic matter.
However, when dissolved oxygen is low, carbon dioxide is
usually quite high. The application of calcium hydroxide will
remove carbon dioxide which will allow fish to better utilize the
low concentration of dissolved oxygen. Each milligram per lime
of carbon dioxide will require (-84 mg/litre of calcium hydroxide
for its removal. For example, if a pond contains 2§ mgjlitre of
catbon dioxide, a caicium hydroxide treatment of 21 mgflitre
(25 mgflitre x 0.84) would remove the carbon dioxide. Following
phytoplankton die-offs, applications of fertilizers have been
employed to encourage phytoplankton growth and foster dissolved
oxygen production. Research to document the effectiveness of
this procedure has not been conducted, but nutrient concentrations
are already high in ponds following phytoplankton die-offs and
it is doubtful that fertilization is necessary. h

The only really effective procedure for .preventing fish
mortality during periods of extremely low dissolved oxygen
involves the use of mechanical devices.. Large, tractér-powered
pumps may be used to pump fresh, oxygenated water from a
nearby pond into the pond with Jow dissolved oxygen-concentra-

tions. Alternatively, water from wells, spring, streams, etc,’

may be released into the oxygen depleted pond. Well water
should bz discharged across a bafile for aeration because well
water is often high in carbon dioxide and deficient in dissolved
oxygen. When oxygenated water is released into a pond with
oxygen depletion, bottom water which contains less dissolved
oxygen and more carbon dioxide than surface water should
simultaneously be released from the pond if passible. Pumps
may also be used to pump water from the pond with low
dissolved oxygen and release this water with force back onto the
surface of the same pond: The-agitation and circulation -of the
water mc;eases its dissolved oxygen content. However, this
method is not as effective as pumping fresh, oxygenafed water
from another pond or well into the pond with low dissolved
oxygen, Various types of aeration dcévices may be used 10
introduce oxygen into waters with low dissolved oxyger
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concentrations. Small spray-type surface aerators are in common
use, These aerators are most effective in small ponds or when
several are operated in a large pond. More powerful acrators
such as the Crisafulli pump and sprayer and the paddle-wheel
acrator supply considerably more dissolved oxygen to ponds
than the spray-type surface acrators. However, Crisafulli pumps
and paddle-wheel aerators are expensive and must be operated
from the power take-off of a farm tractor, Large fish farms and
research stations can afford to maintain and operate emergency
acration equipment, but small scale fish culturists have little
recourse¢ when faced with dissolved oxygen problems. Fortu-
nately, problems with dissolved oxygen seldom occur except in
ponds where fish are fed at high rates,

Dissolved
oxygen,
mg/liter
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Fia. 5.1. A graphical method for predicting the night time deolme in
dissolved oxygen concentration in fish ponds,

Fish culturists often monitor dissolved oxygen concentrations
during the night in ponds to determine if emergency aeration is
needed. Recent research has resulted in procedures for predicting
how low dissolved oxygen concentrations will fall during
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the night. Such predictions permit the fish culturist to prepare
for emergency aeration in advance. The simplest of these
procedures involves the measurement of dissolved oxygen
concentrations at dusk and two or three hours later. These two
values are plotted versus timo on & graph and a straight line ig
projected through the two points and used to estimate the
dissolved oxygen concentration at later hours during the mght
The use of this technique is illustrated in Fig. 5.1.

5.3. Aeration and fish production

Continuous or night time aeration can increase production of
catfish in ponds, as results of four studies summanzed below
clearly demonstrate.

~ Loyacano (5) aerated white catfish ponds with a blower that
forced air through openings in pipes on pond bottoms. Because
of improved water quality, higher feeding rates were employed in
acrated ponds, Three ponds aerated at 10.5 m? of air/minutefha
had average net fish production of 5,500 kg/ha. Average net
fish production for three unaerated ponds was 2,700 kg/ha.

Parker (7) uvsed air-lift pumps for aeration and obtained a
maximum harvest weight of 15,800 kg of channcl catfishfha and
unacreted ponds yielded 3,000 kg/ha. Of course, stooking and
feeding rates were much higher in aerated ponds. In spite of
acration with air-lift pumps, low dissolved oxygen (DO) in some
ponds necessitated additional aeration with splasher-type surface
aerators. Parker also flushed onme volume of water through
ponds every two weeks.

Plemmons (8) employed continuous aeration with splasher-
type surface aerators at 5.5 kw/ha. Unaerated ponds stocked at
12,200 channel catfish/ha had an average harvest weight of
2,500 kg/ha. Aerated ponds stocked at 30,100 fish/ha yielded
12,800 kg of catfishfha. Plemmons occasionally employed
emergency aeration with a Crisafulli pump to prevent DO
depletion even though ponds were continuously aerated with smalt
surface aerators. He also flushed appreciable water through
some ponds in hopes of improving water quality.
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Hollerman and Boyd (4) (stocked channel catfish at 19,770/ha
in 12 ponds. Six ponds were aerated for two to six hours per
night with splasher-type aerators at 5.5 kwfha and six ponds
were not acrated. Emergency aeration and water exchange
were not emploved. Fish Kills were common in unaerated ponds,
but rare in aerated ponds. Harvest weights averaged 1,400 kg/ha
in unaerated ponds and 5,390 kg/ha in aerated ponds.

In all four cases summarised above, the increase in fish
production was attributed to higher concentrations of DO
resulting from aeration. The studies also demonsirated that
acration will not always prevent DO depletion. Stocking, feeding
rates and oxygen demands were higher in acrated ponds. At times,
demands for oxygen exceeded abilities of small aerators to supply
oxygen and emergency acration with larger aerators and water
exchange was employed to prevent fish kills, Bconomic analyses
of data collected by Parker (7), Plemmons (8) and Hollerman
and Boyd (4) suggested that aeration could increase profits.
However, it is difficult to extrapolate ecomomic data from small
research ponds to actual fish-farm conditions.

Beuefits of aeration have been clearly illustrated in research.
However, because of a lack of understanding of the principles of
aeration and of aerator function, fish farmers often fail to achieve
the maximum benefits of aeration, Therefore, some basic facts
are provided b:low about aerators and aeration.

54, Oxygen transfer

~ At a specified combination of water temperature, salinity and
atmospheric pressure, water contains & given conoentration of
oxygen at equilibrium (saturation). For freshwater fish ponds in
the southeastern United States, temperature is the major factor
causing differences in DO concentrations in saturated waters,
If the DO concentration is below saturation, oxygen will diffuse
from the air into the water until saturation is finally attained,
The driving force -causing net movement of oxygen from air to
water is the oxygen saturation deficit (DO at saturation minns
actual DO concentration). The greater the saturation deficit,
the faster oxygen will enter. the water, -
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* Oxygen must enter the water through the surface film, but jf
1he DO concentration in a body of water is to rise, oxygen
entoring thé film must be mixed. throughout the. water column.
Water in the film quickly increases in DO concentration, but
unless the oxygen-enriched water in the film is mized with
underlying water of lower DO concentration, the rate of diffusion
of oxygen into the surface film will be greatly retarded. The
movement of oxygen through still water is slow, so turbulence is
necessary to maintain a large oxygen saturation deficit between
surface film and air. Turbulence (mixing) continuously replaces
oxygen-enriched water in the surface film with water of lower
DO concentration,

The rate of diffusion of oxygen into water depends primarily
upon the oxygen saturation deficit, the ratio of water surface to
water volume and the degree of turbulence. In a given body of
water, patural aeration is largely a function of the saturation’
deficit and wind velocity, Waves increase the surface to volume
ratio and turbulence mixes surface water with underlying water.
Aecrators also provide oxygenation by increasing the area of
contact between air and water and the amount of turbulence,

5.5, Types of aerators

Aecrators increaso the area of contact between air and water
by (a) agitating surface water, (b) releasing air bubbles beneath
the surface or (c) both. While oxygenating water, aerators also
impart energy to water and cause horizontal and vertical mixing.
Flexibility in aerator design permits many types of aerators, a
few of which are described below,

* Diffused-air acrators employ an air blower or air compressof
and porous pipe to release air bubbles at the pond bottom (Fig.
5.2). The efficienoy of oxygen transfer is related to bubble size —
gmall. bubbles offer a greater air-water interface than do large
bubbles. Water depth also influences efficiency, because the

* deeper the bubbles are released, the greater the contact time

.

§

between bubbles and water.

: Ventur: aerator suck air into water so that bubbles are formed
(Fig. 5.3). The aspirating-propeller-pump acrator is a modifica-
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tion of the venturi aerator in which a propeller at the end of a
hollow shaft imparts velocity to water and sucks air down the
shaft. This air is mixed into the turbulent water as flue bubbles.

Fic. 5.2. -Diﬂ'used-air aeration,

/-Am
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Fro, 5.3. Venturi acrator.

U-tube aerators (10} are usvally 12 to 18 m deep (Fig. 5.4),
‘hence bubbles have a long contact time with water. Unless
adequate head is available, water must be pumped through the
U-tube.

vt

An aic-lift pump (Fig. 5.5) consists of an open-ended pipe or ~°

tube into which air is released. The air bubbles rise through the
tube and effect oxygenation. Of course, the movement of bubbies
through the pipe results in pumping of water. i
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Fig. 5.4. U-the segatos
Fra. 5.5, Airlift pump aerator.
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Shlasher-type surface acrators (vertical turbines) jet water
into the air (Pig. 5.6). Water is broken into turbulent, thin
layers and drops that have large surface-to-volume ratios.

Paddle-wheel aerators are another common type of surface
aeraior.

SPLASH CONE
AND WEIGHT

/FLOAT

 tenscnany

/
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U\
AND PROPELLER

Gravity acrators employ head loss. Water falls over a weir
or from a pipe onto a splash board (Fig. 5.7), paddie-wheel,
brush or inclined plane. Water may be pumped to the top of a
vertical pipe and allowed to fall through perforated aprons.

Fio. 5.7. Gravity-flow acration using a splash board.
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i Chesness and Stephens (2) deshonstrated that all gravity aerators
mentioned above were eﬂ'ectWe in oxmnatmg water. :

Colt and Tchobanoglous (3) -presented standard oxygen
transfer rates for various types of aerator (Table 5.1). With the ‘
exception of the bighly efficient U-tube areator, all acrator had i
oxygen transfer rates of (-6 to 2-4 kg oxygen/kwfhour, The
U-tube aerator is highly efficient, but is difficult and expensive to
construct and has vittua]ly no application in pond fish culture.

TapLle 5.1, Typical rates of oxygen transfer under standard conditions for
: aerarion systems wsed in ﬁsh cilture (3)

Transfer rate

e BN I g S g o PR W g o AR

Aeration system (Kg oxygen/Kw/

' hour)

Diffused-air sjstems : 5
; Fine bubble . 12-20
Medium bubble o 1.0-1.58 :
Coarse bubble 0.6—12

a Low-spesd surface acration (wnh or wnhom draft tube) 1.2--24 :
High-speed floating aerator 1.2—24 ;
: U-tube aerator . 4,5-45.6 X
Gravity aerator v 12-18 !
Venturi acrator - 1.2--24 . :
Static tube systems . 1.2—1.6 ;
{56, Testing aerators
? '
': Acrators are tested in small basins — often 200,000 litres or }
less, A basin is filled with clean tap water and DO is removed

with sodium sulphitc and cobalt chloride. Sodium sulph1te
; reacts with oxygen as follows :
Na, S0, 4 12 O, = Na,SO, ,
Theoretically, 7.9 mg/litre of sodium sulphite are needed to ;
G remove 1 mg/litre of DO. However, because the aerator is used

to mix the sodium sulphite, some oxidation of sulphite occurs
| during the mixing period. About 1.5 times the theoretical
3 quantity of sodium sulphite normally is added. Cobalt chioride
; serves as a catalyst— it is applied at 0-05 to 0-1 mg/litre of cobalt.
i Once the water is deoxygenated, the acrator is operated (o raise :
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the oxygen concentration in the basin. Measurements of DO are
made at intervals (a minimum of six to ten times while the DO
rises from 0 to 70 or 80 % of saturation) at different locations (at
least four to six logations) in the basin. The plot of the natural
logarithm of the saturation deficit versus time should give a
straight line, the slope of which is the oxygen transfer coefficient
(Kypa)- The Kpa is calculated by the equation
K = In (Cg — C;) - tln (Cs — CJ]
s — Y

where

Ki2 = oxygen transfer coefficient in he-t;
Cs = DO concentration at saturation in mgflitre ;
C, = initial DO concentration is mg/litre;
C, = fina} DO concentration in mgflitre ;
t, = time that DO concentration reaches 10 or 20'yof
saturation (C,) in mgflitre ;
t, = time that DO concentration reaches 70 or 80% of
saturation (C,) in mgfiitre.
The K;a calculated by the above cquation is for the temperature
of water in the test basin. By convention, Kia values are
corrected to 20°C [ (Kya)y,]:

(Kpa)r = (Kpa)y, x 1-024T-20
where

T = temperature of water in the test basin in °C,

The amount oxygen transferred per hour at standard
conditions (tap water ; 20°C ; 0 mg/litre DO) may be obtained by

(OT)y, = (Kra)y X Cyy x V x 10-6
where :

(OT),q = oxygen transfer in kg/hr under standard cenditions
(tap water, 20°C, 0 mg/litre DO);

Cy, = DO concentration at saturation and 20°C in mg/litre ;
= Volume of test basin in litres,

Additional information on aerator tests are presented by the
American Public Health Association et al. (1) and Stuckenberg
et al. (11). _
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5.7. Oxygen transfer in ponds

Pond conditions are different from those in test basins and
oxygen-transfer rates for ponds are less than those obtained in
test basins and reported by manufactures. Nevertheless, oxygen
fransfer ratings are useful in comparing the capabilities of
different aerators.

If pond waters are saturated with oxygen, aerators cannot
transfer more oxygen. However, the further below saturation
the DO, the more efficiently aerators transfer oxygen and the
greatest cfficiency is for O mgflitre DO. Aerators are rated for
20°C and pond waters are wsually warmer. The rate of
oxygenation of tap water is usually greater than that of pond
water and tap water often holds more DO at saturation than
does pond water of the same temperature. The following
equations are msed in obtaining factors for relating acration of
tap water to aeration of pond water (12):

o = {Kya)ye Pond water
(K12),, Tap water
o Cse Pond water
A= C,, Tap water - o __

Shelton and Boyd (9) determined o{ and 8 velues for 43 samples
of pond water. The B factors ranged from 0-92 to 1-00 and the
mean standard deviation was 0-98 & 00-19. Values for 84% of
the ponds were beiween 096 and 1:00.  The o factors for the 43
sampies ranged from 0:66 to 1-07 with a mean of 0-94 and a
standard deviation of == 0:084. Moust of the pond waters had
factors between 0:90 and 1'00, Alpha factors greater than 10
are not uncommon because waters may contain natural surfactants
that enhance oxygen transfer. Most factors for flsh ponds were
somewhat larger than those for wastewater,

The following equation {6} corrects standard oxygen-transfer
rates for pond conditions :

(OT), = OT,, [ B2 (1.0247-10 . ]
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where

{OT), == oxygen transfer rate under pond conditions in kg
Oy/kw/hr ;

(OT),, — manufacturer’s rating in kg Op/kw/br ;
C, = DO Concentration in pond in mg/litre,
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MSCELLANEO‘US TREATMENTS AND
CALCULATION OF TREATMENT RATES

61. Introduction

Three miscelianeous treatments for improving water guality in
ponds are covered in this chapter. These include turbidity
removal, aquatic plant control and pH reduction. Information
for ealculating treatment rates is also provided.

62. Removal ¢f clay turbidity

In some ponds, it is necessary to removs the turbidity cavsed .

by suspended clay particies so that light will penetrate deep
enough into the pond for phytoplankton growth. The oldest
technique for removing clay turbidity involves the application of
organic matter (3, 5). Recomutertdations vary, but the most
popular include : iwo or thrée applications of 2000kg[ha'of
barnyard manure; ome or more applicatlona of 2,000 to
4,600 kg/ha of hay; and 75kg of cottonseed tieal phus 25 kg of
superphosphiate per hectare at” 2 to 3 week ‘ntervals. The
effectivencss of organic matger apphcatmns in removing - clay
turbidity varies and several weeks must usually pass before one
can determine if a part;cular trcatmeut was 3 success. -

A better method for removal of clay turbldlty is tmtmcnt
with filter alum - (aluminjum sulphate, Al(S0,), - 14H,0).
Alum will cause suspended clay particles to coagylate and
precipitate from the water within a few hours (1). The exact
application rate for alum may be determined by treating samples
of pond. water in. beakers’ with eouoentratlon of alum ranging
from 10 to 40 migflitre at 5 mgjlitre concentrations intervals,
The lowest concentration of alum _which causes & floc of clay

'partlcles to form within 1’ hour i is tal:en as the desired treatment

rate. Many fish cuiturist will be unable to conduct this test, but
an application of 25 to 30 mgjlm'e will apparenﬂy precipitate the
clay turbidity from fost ponds,” “When -applying alum it should
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be dissolved in water and quickiy distributed, preferably by
spraying, over the entire pond surface. Application should be
made during calm, dry weather because mixing by wind and
rain will break up the floc and prevent it from settling out.
The results of alum treatment in four ponds are iliustrated in
Table 6-1.

Tasie 6.1. Effects of alum (Aluminium Sulphate) treatment on clay

turbidity in fish ponds

Alum appiied Turbidity units Reduction in

Pond (mgflitre) turbidity (%7)
Before After
treatment treatment

E-67 15 40 2 95
E-68 .. 20 28 3 89
E-13 . 20 19 3 84
8-27 .. 20 ’ 830 24 97

Alum has an acid reaction in water, so it destroys total
alkalinity and reduces pH. Each milligram per liter of alum will
decrease the total alkalinity by 0'5 mgfliter. If the total
alkalinity of water is below 20 mgflitre, alum treatment may
depress the pH to the point that fish are adversely affected.
Hydrated lime (calcium hydroxide, Ca(OH),)} applied
simultancously at the rate of 0-40 mg/litre for each 1-0 mg/litre
increment of alum will prevent unfavourable changes in alkalinity
and pH. Another alternative is to lime ponds that have waters
of low alkalinity before treating with alum. Liming materials
will often precipitate clay turbidity, but if turbidity persists
after liming, alum treatment may b: conducted without danger
of pH depression,

Although alum treatment will clear pond water of clay
turbidity, it does nothing to correct the cause of turbidity.

- Unless the source of the turbidity is eliminated, ponds will again

become turbid with clay particles. Clay turbidity usually results
because ponds receive large volumes of turbid runoff after each -
rain. Brosion of the watershed may be prevented by revegetation.
If this is imposible, it is sometimes possible to divert the turbid
runoff from the pond by use of a diversion ditch.
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63, Reduction of pH

Waters which have high total slkalinities and low total
hardnesses may have dangerousiy high pH values during periods
of rapid phytoplankton growth. Waters of this type do not
occuy often, but one should analyse the water to determine if the
potential for high pH exists.

Liming to increase total hardness is of no value in preventing
high pH because lime application increases total alkalimity and
total hardness by roughly the same amount. Applications of
ammonium fertilizers have been recommended to lower the pH of
pond water. The ammonium iom in fertilizer is nitrified to
nitrate with the release of hydrogen ion which lowers the pH.
However, at high pH a large percentage of the ammonijum ion
applied to a pond will immediately be transformed to un-ionized
ammonia which is highly toxic to fish. Pilter alum (aluminium
sulphate) may be added to ponds to decrease pH. An alum
treatment equal in milligrams per litre to the phenolphthaclin
alkalinity will reduce the pH to approximately 8:-3, Although

alum treatment may be nsed to prevent a fish kill when the pH is -

too high, it does nothing to change the conditions responsible for
high pH,

Agricultural gypsum (calcium sulphate) may be applied to
water to inorease the total hardness without affecting the total
alkalinity. Experience indicates that gypsum will alleviate the
conditions responsible for high pH, but confirmatory research
is meeded. The best treatment rate for agrioultural gypsum
appears to be the amount which will increase the total hardness
to a level where it equals the total alkalinity. The treatment
rate may be determined from tl;e following equation, :

Agricultural

gypsum (mg/ htre)=(1‘otal alkalinity —Total hardness) x2:2
The agricultural gypsum should be applied in the same
manner as liming materials. The rosidual effect of gypsum

treatment is not known.
5
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64, Agquatic plant control

As mentioned earlier, one effective technique of controlling
many species of macrophytes is through fertilization to produce
plankton turbidity and shade the pond bottom. This technique
is especially powerful if ponds are constructed so that no areas
are shallower than about 60 cm., Grass carp (white amur) eat
tremendous quantities of aquatic vegetation and provide a
biological method for controlling macrophytes.. When stocked at
60 to 80 par hectare, grass carp will control most species of
macrophyles that cannot be controlled by plankton turbidity.
Grass carp are even effeceive in controlling macrophytes in ponds
that are not turbid with plankton. In small ponds, macrophytes
may be controlled by cutting or by dragging them out with a rake
or seine.

Herbicides are also used in fish culture to control macrophytes.
The manufacturer’s labe) gives the rate and method of application
for a herbicide. The label provides informaticn on safety
precautions. Usually the concentrations of aquatic herbicides
used to kill macrophytes are safe to fish. Decay of macrophytes
killed by herbicides can cause dissolved oxygen depletion. If
ponds have extensive areas of macrophytes, 1/4 to 1/5 portions of
the pond shouid be treated at 1 to 2 week intervals to reduce the
chance of dissolved oxygen depletion. The major limitation of
herbicides for controlling macrophytes is that once the
concentralion of a herbicide declines to a non-toxic level,
macrophytes will regrow. Thus, repeated applications of
herbicides are required to control macrophytes, often at
considerable expense.

Algicides are sometimes used eo control phytoplankton in
ponds. Copper sulphate, the most widely used algicide, will kill
most species of phytoplankton at concentrations of 0.1 {0 05 mg/
litre in waters with total alkalinities below 40 to 50 mg/litee (6).
In waters with higher alkalinitics, copper sulphate concentrations
of 1.0 mg/litre or more may be required to kill phytoplankton.
Copper sulhpate may be applied by dissolving it in water and
distributing it over the pond surface. Alternatively, copper
sulphate crystals may be placed in a burlap bag and the bag
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towed behind about uatil the copper sulphate dissolves. Burlap
bags of copper sulphate may be positioned in ponds so that the
chemical gradually dissolves and mixes with the water (2).
Copper sulphate may also be used to treat soums of phytoplankton
which drift to the leeward sides of ponds (4).

Phytoplankton killed by copper sulphate decomposes rapidly
and may result in low dissolved oxygen concentrations. Copper
sulphate has no appreciable residual toxicity and phytoplankton
growth will resume soon after treatment. Fish are susceptible to
copper sulphate and in waters with alkalinities less than 20
mg/litre, treatment with 0.5 to 1.0 mg/litre of copper sulphate
may kill fish.

Synthetic algicides such as Divron (3-(3, 4-dichloropheny()-I,
1-dimethyl urea) and Simazine (2-chloro-4, 6-bis (cthylamino},
s-triazine) aro sometimes used to kill phytoplankton, These
algicides are extremely toxic to algae, have a long residual
action and are not toxic to fish at concentrations used to kill
phytoplankton. As with copper sulphats, extensive mortality of
phytoplankton following applications of synthetic algicides may
result in depletion of dissolved oxygen. Some fish culturists
have attempted to <thin’ phytoplankton blooms by small,
periodic applications of synthetic algicides to ponds receiving
heavy applications of feed, However, recent resecarch (7)
demonstrated that this practice results in prolonged periods of
low dissolved oxygen concentrations and reduced fish yields.

6.3. Calculating treatment rates

Concentrations for chemical treatments of ponds are given in
milligrams per litre so fish culturists must calculate how much of
a chemical to add to a pond to give the desired concentration.
To calculate the amount of a chemigal needed, the volume of the
pond must be known. Assuming the surface arca of a pond is
known, the simplest technique for obtaining the average depth to
use in computing the volume is to make transects (8 or 10 will
usually suffice) across the pond in a boat while making depth
soundings at regular intervals with a calibrated rod or
sounding line. The average of all soundings is taken as the
average depth.
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Once the volume of a pond is knowu, it is a simple mattet to
calculate treatment rates. Since 1 cubic metre (m?) weighs 1,000
kg and 1 gram contains 1,000 mg, then 1 gram per 1 m? equals
1 mg/litre. The following examples illustrate how to calculate
amounts of chemicals to add to ponds.

Example : A pond has a surface area of 0.26 ha and an
average depth of 1.15 m. How much filter alum (1009 pure)
must be applied to the pond to give an alum concentration of
25 mg/litre ?

(1) Since 0.26 ha = 2,600 m?, the pond volume is
2,600 m? x L15m = 2,2990 m3,

(2) Each oubic metre will require 25 g of alum for a concen-
tration of 25 mg/litre, so the amount of alum needed for the
entire pond is

2,990 m¥ x 25g/m* = 74,750 g.

(3) A treatment of 74,750 g equals 74.75 kg.

Example : The average depth of a pond is 0.57 m and the
surface area is 0.01 ha. How much agricultural gypsum (8%
pure) must be applicd to produce a gypsum concentration of
50 mg/litee ?

(1) Siunce 0.01 ha = 100 m?, the pond volume is
100 m3? x 057 m = 57T m?.

(2) Each cubic metre will require 50 g of gypsum for a concen-
tration of 50 mg/filtre, but the agricultural gypsum is only 80%,
pure. Therefore, we may calculate the concentration of
gypsum as follows :

50g + 080 = 62.5g.

The amonat of agricultural gypsum needed for the entire pond
will be
57 m? x 62.5 g/m3 = 3,562 g or 3.56 kg.

Example : A pond with a volume of 1,000 m3 must be treated
with a herbicide, The herbicide is a liquid with 757 active
ingredient and a density of 0.85 g/ml (0.85 kg/litre). How much
of the liquid berbicide must be applied to the pond to give a
concentration of 1 mg/litre of active ingredient ?
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(1) The amount of the active ingredient to give a concentra-
tion of 1 mg/litre is
1000 m® x 1 g/m?® X 10003 e | 01:3.

(2) The herbicide has an active ingredient content of 759, so
the weight of herbicide containing 1.0 kg active ingredient is
1.0kg + 0.75 = 1.33 kg.

(3) The density of the herbicide is 0.85 kgylitre, so the volume
of the herbicide weighing 1.33 kg is '
1.33 kg + 0.85 kg/litre — 1.56 litres.

Thus, 1.56 litres of the liquid herbicide would give a concen-
tration of 1 mgflitre of the active mgredlent when applied to
the pond.

6.6. Applying chemicals 1o pond

Chemicals which are applied to ponds come in a variety of
formulation ineludings crystals, solutions, soluble powders,
emulsifiable concentrates and granules. Fish culturé stations
and large fish farms can afford rather eloborate equipment for
applying chemicals. For example, chemicals may be dissolved
in a tank of water or some other solvent and sprayed over
the surface with a power sprayer. Liguids may be dispersed
uniformly from a boat mounted tank through a boom consisting
of a pipe with a series of small diameter holes in its underside.
A valve regulates the rate at which the solution is fed by gravity
into the water or 2 pump may be used to effect more uniform and
forceful release. Dispensers for granules or powder may consist
of hoppers with adjustable dispensing boles in the bottom. An
auger is employed fo prevent clogging of holes. Finally,
chemicals may be released into the wash of an outboard motor
propeller to cffect mixing as the boat moves over the pond
surface.

In instances where the owner of one or afew ponds must
apply chemicals, it is usually not practical to purchase or
‘construct an claborate dispenser. The chemical can be dissolved
or mixed in a large container of water and applied to the pond

surface. Application may be accomplished with a pressurized’
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garden sprayer. However, if sprayer is not available the solu.
tion or mixture may be splashed with dipper over the pond
surface, Care should be taken to dispense the chemical as
uniformly as possible. Granules may be broadeast by hand or
with a small ¢cyclone’ sceder. Crysials may be placed in a
burlap bag and the bag towed behind a boat until they have
dissolved. Only a litile ingenuity is nceded lo develop a
method for applying a chemical to a pond once the (reatment
rate has been established.
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WATER ANALYSIS

The purpose of this chapter is to present methods of water
and mud analysis that are frequently employed in fish culture,
These include Secchi disc visibility, pH, total alkalinity, total
hardness, dissolved oxygen, carbon dioxide, chemical oxygen
demand, ammonia, mnitrite, chlorophyll a, particulate organic
matter, hydrogen sulphide and lime requirement of muds. Also
included is a method for neutralizing value of limestone.

WATER SAMPLING

Water samples for dissolved oxygen or carbon dioxide analysis
must be collected so that they do not oome in contact with air.

eye hooks

¢ye bolt _
. rubber stopper

Fia. 7.1. Water sampler useful for collecting water from depths of
up to 2 m. .
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Van Dorn, Kemmerer or sewage samplers, which may be
purchased from scientific supply houses, are most commonly
employed for taking samples for dissolved gas analysis. Samples
for other variables may be dipped from the surface with open
containers. Samplers may be construsted from inexpensive
materials for securing samples from greater depths (Figs. 7.1
and 7.2), Of course, water collected with samplers of the types
shown in Figs. 7.1 and 7.2 would be contaminated with air and
unfit for dissolved oxygen or carbon dioxide analysis.

weight

QUimng

oo

),

Fic. 7.2, A weighted bottle water sampler.

SeccHt Disc VisieiLiTy

A Secchi disc i3 20 cm in diameter, painted with black and
white quadrants and attached 10 a calibrated line (Fig. 7.3).
The disc is weighted on the underside with a lead plate so that it
will sink readily. Secchi discs may be purchased from scientific
supply houses or constructed from sheet metal, plexiglass or
masonite, A flat paint should be used to prevent glare. A
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suitable alternative to attaching the disc to a calibrated line is to
attach it from its centre to a vertical metre stick, Secohi disc
visibilities seldom exceed 100 cm in productive fish culture
systems, so measurements will seldom be limited because of the
length of the metre stick.

: eye bolt
20cm
\weight

graducted rope

¥iG. 1.3. A Secchi disc.

Secchi disc visibility is not a suitable estimate of plankton
unless plankton is the primary source of turbidity. An experi-
enced observer can readily distinguish between plankton
turbidity and other forms of turbidity. However, the novics
must remember that plankton blooms are not always green.
Plankton blooms may also impart yellow, red, brown or black
colouration to water. Usually plankton organisms are large
enough that their particulate nature is obvious if water and its
contents are viewed against a8 white background.

To obtain the secchi disc visibility, lower the disc into the
water until it just disappears and yocord the depth. Lower the
dise a little more and then raise it until it just reappears and
record the depth. In making these measurements, view the disc
from directly above. The average of the two depths is the Secchi
disc visibility. Conditions for taking Secchi diss measurements
should be standardised. A good practice is to make measure-
ments between mid moraing and mid afternoon. The water should
be oalm and the sun behind you.
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TOTAL ALKALINITY

The amount of acid required to titrate the bases in water is a
measure of the alkalinity of water. A number of bases occur in
water, but total alkalinity results primarily from bicarbonate and
carbonate. For the determination of total alkalinity, a water
sample is titrated to pH 4.5, the methyl orange end point, with
standard acid, The amount of acid required for the titration is
equivalent to the alkalinity. Alkalinity is expressed as equivalent
calcium carbonate.

Reagenis

Methyl orange indicator solution: Dissolve 0.05 g of methyl
orange in 100 m! of distilled water.

Standard sodtum carbonate, 000200N : Dry a few grams of
Na,CO, (primary standard) at 140°C and cool in a desicoator,
Dissolve 1.0600 g of the Na,CO, and dilute to 1,000 ml in CO,-
free distilled water. Boil distilled water for 10 fo 15 minutes to
expel CO, and cool before using.

Standard sulphuric acid solution : Prepare a H,8O, - solution
of approximately 0-1N by diluting 2.8 ml of concentrated H,SO,
to 1,000 ml with CO,-free distilled water. Dilute 200 m! of
0.IN H,S80, to 1,000 ml with CO,-free distilled water., This
solution is approximately 002N, but it must be carefully
standardised to determine its exact normality. To standardise,
pipette 10 ml of 0.0200N Na,CO, into a 250 ml beaker, Add
90 ml of CO,free distilled water and 4 to 8 drops of methyl
orange indicator solution. Titrate over a white surface to the
methyl orange end point with the sulphurio acid sclution. At
end point, one drop of acid will change the colour of methyl
orange from yellow to faint orange. Calculate the normality of
the sulphuric acid with the following equation :

NV = NV’
Where N = normality of sodium carbonate solution ;
V = volume in millilitres of sodium carbonate solution ;
N’ = normality of sulphuric acid solution ;
V’ = volume in millilitres of sulphuric acid solution.
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Procedure

Add 4 to 8 drops of methyl ‘orange indicator sclution to a
100 ml sample and titrate with standard sulphuric acid solution

until the colour of the solution c¢hanges from yellow to faint orange. -

Measure the volume of sulphuric acid. Calculate total alkalinity
with the following equation :

Total alkalinity (mgflitre as CaCOy) =

(T) (N) §50.000)

where T = volume in millilitres of sulphuric acid ;
N = normality of sulphuric acid ;
S = volume in millilitres of sample,

ToTAL, HARDNESS

The concentration of calcium plus magnesium expressed as
equivalent caloium carbonate is the total alkalinity, Calcium
and magnesjum ions are titrated with the complexing agent
ethylenediamine tetracetic acid disodium salt (EDTA) to form
the stable complexes CAEDTA and MgEDTA. The end point of

the titration is signalled with an indicator called eriochrome

black-T.

Reagent

Buffer solution : Dissolve 675 g of NH.Cl in (570 ml of
concentrated NH,OH. Dilute to 1,000 ml in a volumetric flask
with distilled water,

 Eriachrome black-T indicator ;: Dissolve 45 g of hydroxyla-
mine hydrochloride and 0-50 g of erochrome black-T in 100 m)
of 70% ethanol. Prepare fresh cvery 2 to 3 months,

Standard calcium solution, (*010 M : Transfer 1-000 g of
anhydrous CaCO, to & 1,000 ml beakes. Add 1:1 HCI slowly
to dissolve the CaCO, and dilute to about 200 ml with distilled
water. Boil for § to 10 minutes to expel carbon dioxide, cool
and adjust to pH 7, as determined with a pH meter, with 3 N
NH,OH. Transfer to a 1,000 ml volumetric flask and dilute. to
volume with distilled water. ' :
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Standard EDTA solution : Dissolve 400 g EDTA disodium

-salt and 100 mg of MgCl, ' 6H,O in distilled water and dilute to

1,000 ml. The solution must be standardised against the
standard calcium solution. Pipette 10 ml of the standard
calcium solution into a 250 ml beaker and add 90 m] of distilled
water, Titrate the calcium solution with BEDTA solution
according to the procedure given below. Compute the molarity
of the EDTA solution with the equation: NV = N'V’,

Procedure

Measure a 100 ml water sample into a 250 ml Erlenmeyer
flask. Add 2-0 ml of the buffer solution and mix. Add 8 drops
of eriochrome black-T indicator and titrate with the EDTA
solution, At the end point, the solution will change from wine-
red to pure blue, Calculate the total hardness with the equation :

(T) (M) (100, 100)
S

Total bardness (mg/litre as CaCO,) =

where T == volume in millilitres of EDTA solution ;
M = molarity of EDTA solution ;
S = volume in millilitres of sample.

Comment

For samples high in hardness, e.g., sca water, dilute 8 1-0 to
10-0 mi water sample to 100 ml with distilled water. Use the
actual volume of sample in the calculation.

Hyprocen Ion (pH)

Various types of indicator papeérs and solutions have been
used to measure pH. However, the only reliable technique is the
electrometric pH meter. The manufacturer’s instructions should
be consulted for use of a pH meter. Before making pH measure-
ments, carefully calibrate the metor with a pH 7 buffer.
However, this procedure does not verify that the meter will read
other pH values correctly, A second buffer, pH 5 if samples are
expected to be acidic or pH 9 if samples are expected to be basic,
should be used to determine if the pH meter will read a second
pH correctly after it has been calibsated at pH 7.
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DissOLVED QXYGEN

In the basic Winkler procedure, a sample of water is treated
with manganous sulphate, potassium iodide and sodium
hydroxide. Under highly alkaline conditions, the manganous ion
is oxidised by molecular oxygen to manganous dioxide, a brown
precipitate.

Mun#t + 20H™ + 120, - MnO, 4 H,O
Notice that only one half of the oxygen in manganous dioxide
came from molecular oxygen. The formation of a white
precipitate will oocur even in the absenoe of oxygen since the
manganous ion will form manganous hydroxide, a white
precipitate.
Mn* + 20H™ - Mn (OH),
Next, sulphuric acid is added to the sample to dissolve the
precipitate and produce acid conditions for the oxidation of
todide to iodine by manganous dioxide according to the following
reaction : '
MnO, 4 217 4+ 4H* - Mnt+ 4 I, 4 2H,0

The quantity of I, released is proportional to the amount of O,
originally present. One half of a molecule of O, resulted in thc
release of one molecule of iodine (I,). The amount of L is
estimated by titration with standard sodium thiosulphate, A
starch indicator is used to determine the end point of the
titration. As long as iodine is present, the solution is blue,
When all the iodine has been titrated tho solution becomes
colourless,

I' + sm — I + 2N33830 SH‘O -
(Bluc)
N2a4S,0, + 2Nal + 10H,0 .. Starch
(colourless)

The amount of iodine is used fo calculate the original DO
concentration,

Reagents

Manganous sulphate solution :  Dissolve 364 g 6f MaSO,H,0
in distilled water, filter and dilute to 1,000 mlin a volumetnc
flask.
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Alkali-iodine-azide solution : Dissolve 500 g of NaOH and
150 g of KI in distilled water and dilute to 1,000 m! in a
volumetric flask. Dissolve 10 g of NaN, in 40 ml of distilled
water and add to the NaOH-KI solution.

Sodium thiosulphate solution : Dissolve 6-3 g of Na,;S,0,-5H,0
in freshly boiled and cooled distilled water and dilute to 1,000 ml
in a volumetric flask. There is no need te weigh the Na,S,0,,
5H,O with more precision since the resulting solution must be
standardised. Add S5 drops of chloroform as a preservative.
This reagent must be restandardised every few days and stored in
the dark.

Concentrated sulphuric acid :  Analytical reagent grade.

Sulphurlc acid solution, 10 percent: Add 5 ml of concen-
trated H,SO, to 45 ml of distilled water.

Potassium dichromate solution, 00250 N: Dry 2 or 3g of
K,Cr;0, at 105°C and cool in a desiccator, Dissolve 0-6129 g of
K Cr,0, and dilute in a volumetric flask to 500 ml with freshly
boiled and cooled distilled water,

Starch indicator : Add 2 g of soluble starch to 100 ml of
distilled water in a 250 ml beaker. Heat while stirring uatil
transparent and add 0-5 ml of formalin as a preservative.

Procedure

Standardisation of sodium thiosulphate solution: Dissolve
2 g of KI in a H,SO; solution. Use volumetric pipette to measure
10 ml of 0-025 N K Cr 0O, into the flask and place the flask in
the dark for 5 minutes. Dilute to 250 or 300 m) with distilled
water. Titrate with sodium thiosulphate solution until a pale
straw colour is reached,. Add 8 drops of starch indicator and
titrate until the blue colour of the starch suddenly disappears.
Record the volume of sodium thiosulphate used. Calculate the
normality with the equation: NV = N'V’,

- Preparation of sample for analysis: 1f a bottle train type
sampler is used, the BOD bottle must be removed and stoppered
carefully to prevens the introduction of air bubbles. If a Van
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Dorn or Kemmerer bottle is used, introduce the water. through a
tube which discharges at the bottom of the BOD bottle, allow the
BOD bottle to overflow for two or three exchanges of water and
stopper it carefully to prevent air bubbles. Samples must be
analysed for DO without delay, :

Fixation of dissolved oxygen and liberation of iodine: Yo
a sample in a 300 ml BOD bottle, add 2 ml of manganous
sulphate sofution and 2 ml of alkali-iodine-azide solution., These
reagents may b: added with a measuring pipette. - Introduce the
reagents below the surface of the sample and stopper with care to
prevent air bubbles. Mix the solution in the bottle by rapidly
inverting it twenty times and then let the sample stand untila
precipitate settles to the bottom half of the bottle. Mix again by
inverting the bottle several times and let the precipitate settle,
Add 2 ml of concentrated H SO, with a measuring pipette,
stopper the bottlc and invert several times to dissolve the
precipitate.

Tiiration of iodine : To compensate for overflow of the
sample during the addition of the reagents, a 101 ml sample is
taken for titration. Calibrate a 100 m! graduvated oylinder
by measuring 11 m! into it and placing a suitable graduation
at the appropriate position above the manufacturer’s 100 m}
graduvation. Shake the BOD bottle and then measure 100 ml
into a 250 ml beaker. Titrate with standard sodium thiosulphate
solution to a pale straw colour. Add 8 drops of starch indioator
solution and titrate until the blue colour dissppears, Record
the volume of sodium thiosulphate used. Use the following
equation to calculate the DO concentrations :

Dissolved oxygen (tﬁg]litre) - ) .(N)S(S,OOO)

where T = volume in millilitre of sodium thiosulphate ;
N = normality of sodium thiosulphate ;
S == volume in millilitres of sample.

Comments

Consult a more detailed water analysis menual if there is any
question about interference. A sample can be preserved for up
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to 8 hours by adding 0-7 ml of concentrated H,SO, and 1 ml of
2% NaN, and storing the sample in a sealed BOD bottle at 20°C
or less., In completing the procedure, add 3-0 ml of alkali-
iodide-azide solution rather than the usual 2:0 ml, Dissolved
oxygen may also be fixed at the sampling site by the addition of
manganous sulphate and alkali-iodide-azide solution and the
sample carried to the laboratory within 2 ot 3 hours for prompt
completion of the DO determination,

Standard phenylarsine oxide (PAO) may be purchased (Hach
Chemijcal Company, Loveland, Colorado) and used instead of
sodium thiosulphate in the titration of DO, PAO does not have
to be continvally restandardised because it is stable for several
months.

CHLOROPHYLL @

The phytoplankion in pond water is concentrated by filtration
throngh a membrane filter. The pigments contained in the
phytoplankton are extracted in acetone and the concentration of
chlorophyll a4 determined spectrophotometrically. A close
relationship usuvally exists between the concentration of
chlorophyll a in water and the total abundance of phytoplankton,

Special apparatus

The following special items are needed : Millipore filters
(Type HA, 47 mm, 0-45 micron pores), millipore filtration
apparatus, small clectric drill, tissue grinder with 1Q ml
chamber and Teflon pestle (A. H. Thomas Co., Philadelphia,
PA., Cat. No. 3431-E135), centrifuge and spectrophotometer.

Reagents

Acetone 90% : Add 50 ml of distilled water to 450 ml of
reagent grade acetone,

Magnesium carbonate suspension 1% : Place 10 g of powdered
MgCO, in 2 100 m! volumetric flask and dilute to volume with
distilled water. Only a small amount of the MgCO, will dissolve.
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Procedure

Place a millipore filter on the filter holder and attach the
funnel. Shake the MgCO, suspension and pipette 1.0 ml over the
filter. Apply vaccuum to remove the liquid from the flilter.
Transfer 50 or 100 ml of the well mixed sample to the funael.
After the sample has filtered through, remove the Millipore filter
and trim away the cdges which are not coated with residue.
Crumple the filter and place it in the tissue grinder. Add
2 ml of 90 % acetone and grind for 1 minute, then add 8.00 ml
of 90 % acetone and grind for 30 seconds, Transfer the contents
of the tissue grinder tube 10 a 50 ml Erlenmeyer flask, stopper
and refrigerate in the dark for 1 hour. Pour the acetone extrast
into a 15 ml test tube and centrifuge at 2,000 to 3,000 revolutions
per minute (rpm) for 10 minutes. Decant the acetome extract

.into a cuvette and centrifuge at low speed (300 to 500 rpm) for

five minutes, Measure the absorbance of the acetone extract at
665 nm and again at 750 nm with a spectrophotometer set at 0-0
absorbance with 909 acetone. Caiculate the chiorophyll o
concentration from the equation :
Chlorophyll a in pgflitress 119 (Ays = Apg) % X hogo_o .
where A, = the absorbance at 665 nm ; '
A,y = the absorbance at 750 um ;
V = the acetone extract in millilitres
L = the length of light path in the speotrophotometre
in centimetres ;
S = the volume in millilitres of sample filtered.

PARTICULATE ORGANIC MATTER

Glass fibre filters are available which will retain most of the
particles in water which are greater than 1 micron in size, When
pond water is passed through such a filter, essentially all of the
living plankton and much of the particulate matter is retained.
The filter and residue are then dried and weighed. Next, the
filter and residue are ignited, cooled and weighted again. The
weight loss on ignition is taken as the particulate orgaaic matm

“ content of the sample, s

. 6
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Special apparatus

The following special items are required : glass fibre filtration
apparatus, 47 mm Gelman Type A-E glass fibre filters or
equivalent and a muffle furnace.

Procedure

Prepase glass fibre filters by soaking them in distilied water
for 24 hours, drying them and igniting them in a muffle furnace
for 20 minutes at $50°C. Place a glass fibre filter on the filter
holder, attach the funnel and transfer a well-mixed and accurately
measured sample of water to the funnel with a graduated
cylinder. The sample volume must be large enough so that the
resjdue retained on the filter will be beavy enough to weigh, A
volume of 230 ml is usvally adequate for pond waters. Apply
vacuum and after the sample has drained through the fiiter,
wash the filter and residue with 20 ml of distilled water. Dry
the filter and reside at 103°C, cool in a desicoator and weigh.
Ignite the tarred filter and residue at 550°C in a muffle furnace
for 20 minutes, cool in a desiccator and weigh again. The
weight loss represents particulate organic matter. Use the

equation below to calculate the concentration of particulate
organic matter.

Particulate organio matter (mgflitre) == (B — A) l’gm
where B = the weight of the filter and residue in milligrams
" before igition ;
A = the weight of the filter and residue in milligrams
after ignition.
S = volume of sample in millilitres,

CARBON DiOXIDE

Water which has a pH above 8:3 does not contain appreciable
carbon dioxide, Therefore, the amount of base required to raise
the pH of a water sample to the phenolphthalein end peint is
approximately equivalent to the carbon dioxide content of the
sample, ' '
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Reagems

Phenolphthalein indicator solution : Dissolve (5 a'. of

phenolphthalein in 50 ml of 95% ethy! aloohol and add S0 mg of

CO; free water. Add 004554 N sodium oarbonate dropwise
until a faint pink colour appears.

Standard sodium corbonate 0054 N: Dry a few '_sr_ams.'of
Na;CO,; and dilute to 1,000 ml with CO, free distilled water.
This solution must be prepared fresh daily,

Procedure

To minimise exposure to air, siphon a portion of the sample
into & 100 ml graduated cylinder throngh a flexible tube which
discharges at the bottom of the cylinder. Let 50 to 75 ml of
water overflow from the cylinder and remove tube., Remove
excess sample from cylinder with a pipette. Add 4 drops of
phenolphthalein indicator solution. If the sample turns pink,
CO,is absent. If sample remains colourless, titrate with Na,
CO, while stlrrmg gently with a stirring rod. A faint pink
colour that remains for 30 seconds marl:s the end point.

- Caleulate CO, as follows s

Carbon dioxide (ms/litre) -

(T) (N) §(22.000)

where T = volume in millilitres of sodium carbonate §-
N = normality of sodium carbonate ;
S = volume in millilitres of samples,

CHBMICAL OXYGEN DEMAND

In this modification of the COD procedure, no heat other
than that produced by the dilution of concentrated sulfuric acid is
applied to the sample, In acid solution, potassium dichromate
oxidizes organic matier to carbon dioxide and water. The
amount of potassium dichromate consumed is equivalent te ﬂw
quantity of readily oxidizable orsamc matter in the sample.”
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Reagenss

Potassium dichromate solution 1.000N :  Dry primary starndard
grade K,Cr,O, at 103°C for 2 hours and cool in a desicoator.
Dissolve 49.036 g of K,Cr,O, in distilled water and dilute to
1,060 ml.

Potassium dichromate solution 002508 ¢ Dilute 25.00 ml of
1,000 N K(Cr,G, and 109 mg of sulfamic acid to 1,000 ml with
distilled water.

Ferrous ammonium sulphate solugion : Dissolve 9.8 g of Fe
(NH,)) (S0,) - 6H,0 in distilled water and add 20 ml of concen-
trated H,80,. Cool, dilute to 1,000 ml and store in the dark.
Standardise daily as follows. Dilute 10 mi of 0.0250 N
K,Cr,0, to about 45 ml with distilled water in an Erlenmeyer
fiask and add 30 m of concentrated sulphuric acid, When cool,
add 2 or 3 drops of ferroin indicator and titrate with ferrous
ammonium snlphate as deseribed jn the procedure below,
Calculate normality as: NV = N'y’,

Ferroin indicator : Dissolve 1.8877 gof 1, 10-phenathroline
monohydrate and 0,7g of Fe SO, 7TH;O in 100 m! distilled

Other reagents: Reagent grade silver sulphate, mercuric
sulphate and concentrated sulphuric acid.

Procedure

Clean glassware with H;SO,-Na, Cr,0, cleaning solution and
rinse thoroughly in distilled water. Pipette a 20 ml sample
and 10 ml of the standard dichromate solution (0-025N) into
a 125 m! Brlenmeyer flask. A reagent blank is prepared from
distilled water and treated exactly as the samples. Add 30 ml
concentrated sulphuric acid, 04 g Ag SO, crystals and enough
HgSO, crystals to maintain an HgSO, : chloride ratio of 10.
Swirl. Cover flasks with clean cover giasses and let stand for
30 minutes. Dilute with 75 m) of distilled water. Add 2 or 3
dropa of ferroin indicator and titrate with standard ferrous
ammonium sulphate (0.025N). Initially, samples will vary in
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colour (yellowish orange to blue-green), but just before the end
point all samples will turn blue-green. At the end point, a
single drop of titrant causes the colour tochange from blue--
green to red-brown. If samples are high in organic matter, use
more - concentrated solutions of potassium dichromate and.
ferrous ammonium sulphate, Cakulate the COD with the
following equation : ' -

CQOD in mg/htre

(B—-A) (SN) (3.'000}

where B == millilitres of ferrous ammonium sulphate (FAS) used
in the titration of the reagent blank ;
= millilitres of FAS used in the titration of the aample
N = nofmality of the PAS ;
" 8§ = volume in millilitres of sample.

“NITRITR

The colorimetric methods generally used for nitrite employ
diazotising reagents. Nitrite reacts with these reagents in acidic:
solution to form diazonium salts, -The diazonium salts are
coupled with amino or hydroxyl groups of aromatic compounds to
form coloured azo compounds. The method given hero employs
sulpbanilamide as the diazotising reagent and N-(l-nsphthyl)-
ethylenediamine as the coupling reagent. The azo compound is
bright pink and a concentration of 0.01 mg[htre NO,-N producos
a discernable colour, -

Instrument
A Spectrophometelz capable of operating at 543 nm is required,

Reagents

Digzotising reagent: Add 5 g of sulphanilamide and 50 m
of concentrated hydrochloric acid to 300 ml of distillsd water in
a 500 ml volumetric flask. Stir to dissolve and dilate to volume.

Coupling reagent : ‘Dissolve 500 mg of N- (l-naphthyl)-
ethylenediamine dihydrochloride in 500 ml of distilled water,
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Store in a dark bottle out of the light. This reagent gradually
becomes - dark brown and must be prepared fresh every 2to 4
weeks.

Standard nitrite-nitrogen solytion 100 mgjliire : Dissolve
0.4925 g of NaNO, in 1,000 ml of distilled water. This solution

‘oontains 100 mg/litre of NOg-N. Pipette 10 m) of the 100 mg/

litre NO,-N solution into a 1,000 ml volumetric flask and dilute
to volume with distilled water to give a 1.00 mgflitre NO,-N
solution, These solutions deteriorate rapidly.

Procedure

Development and measurement of pink colour : Filter the
water sample through Whatman No, 42 or equivalent, filter
paper. Measure 50 m] of water into & 100 ml beaker. Add
1.0 mi of diazotising reagent, stir and allow 2 to 4 minutes (no
longer) for reaction. Add 1.0 mi of coupling reagent and stir.
Let the solution stand for | minutes to form the azo compound,
transfer to & 1 cnt cuvette and measure the pink colour spectro-
photometrically at 543 um. Use a reagent blank to set the
spectrophotometer at 0-0 absorbance (1009 tramsmittance).
Obtain the concentration of nitrogen from a calibration graph,

Calibration graph : Use the standard NO,-N soutlion
(1.00 mgflitre) to prepare a series of NO4-N concentrations. The
concentrations listed below are suitable for use with a spectro-
photometer with a 1 cm light path length.

Nitrite-Nitrogen Millilitres of 1.00 mg/litze nitrite-

(mg/litre) siitrogen standard diluted to 100 m]
0.00 0.00 "
0.02 2,00
0.04 4.00
0.06 ' 6.00
0.08 8.00
0.10 -10.00
0.15 15.00
0-20 20,00
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The aliquots of standard nitrite solution must be transferred
to volumetric flasks with volumetric pipettes, Add reageats to
develop the colour. Use the 0-0 mg/litre solution to set the
spectrophotometer to 0'0 absorbance or 100 per cent transmittance
and evaluate the pink colour of the ather solulions' at 543 nm
Plot the data to obtain & calibration graph.

DETERMINATION OF AMMONIA
Reagents

- All the rcagents are prepared usmg ammonia free distilled
water. .
Phenol-alcohol solution : Dissolve 10 g of reasent gmdo
phenol in 100 ml of 959 v/v cthyl aloohol U.S.P. ~
Sodium nitroprusside 0.5%,: Dissolve 1 g of sodium nitro-
prusside in 200 ml of water,

Alkaline solugion : Dissolve 100 g of trisodium oatrate and

5 g of sodium hydroxide in 500 m] of water.

Sodium hypochlorite solution : Use a solution of eommemal
hypochilorite which should be atieast 1.5 N,

Oxidizing solution : Mix 100 ml of sodium oitrate sollmon
and 25 mi of hypochlorite solution and use the same day.

Stock standard solution: 0100 g Ammonium sulphate
(A.R. grade) in 1000 mi distilled water. 1ml=1'3 ugat N.

Method

For natural waters, the procedure consists of the successive
addition of 2 ml of phenol soluticn, 2 ml of sodium nitropruaside
solution and 5 ml of oxidising reagent to 50 ml of sample,
mixing thoroughly after each addition, The oolor is allowed to
develop at room temperature (22-27°C) for 1 hr and the
absorbance recorded at 6400 A in a spectrophotometer with a
10 cm length cuvette, All the glassware used must be cleaned by
washing initially with warm dilute hydrochloric acid and rmsmg
thoroughly with distilied water. _ .

:
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Procedure and caleulation

Dilute the standard stock solution to get working standards
of 1-5; 3-:0; 45; 6:0and 9-0 ug at N concentrations. Measure
the absorbance at a wavelength at 6400 A in a spectrophotometer
(10 cm cell) and draw a calibration graph. Compare the
absorbance of the given sample and caloulate the ammonia
concentration from the calibration graph.

HYDROGEN SULPHIDE*

Sulpbide is found in anoxic waters, where it is formed by
microbiological reduction of sulphate ions. The method described
here, depending on the formation of methylene blue from
dimethyl p-phenylene diamine, is a simple application of a well
established colorimetric method for sulphide.

The method is based on the following principle. The acidified
sample is allowed to react with dimethyl p-phenylene diamine,
with ferric ions as catalyst, A complex oxidation and substitution
takes place, resulting in the quantitative incorporation of any
sulphide.sulphur present into a heterocyclic dye calied methylene
blue. The absorption of light by the sample is measured before
ot after dilution in 1, 5 or 10em cells. The method is as nearly
sensitive as is theorstically possible and is for direct determi-
nation applicable to concentrations upto about 100/ug atfl or
about 3:2 mg/1. At higher concentrations of hydrogen sulphide
the sample has to be diluted with oxygen-free distilled water
prior to the analysis.

Reagents

N, N-dimethyl p-phenylene diamine dihydrochioride, p.a.
(CH,),NC,H, - NH, 2HCI (1, 4) : 1 g is dissolved in about 6 N
hydrochloric acid te 500ml. This acid may be prepared by
diluting concentrated HC] (37 per cent, sp, gr. 1-19) with an
equal amount of distilled water,

"* Reproduced with the kind permission of FAQ, Rome from FAO Fisheries
Tochnical Paper No. 137 ; 132135,
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Ferric chloride, p.a., FeCly: 8 g is dissolved in about 6 N
hydrochloric acid (prepared as above) to 500 ml,

Oxygen-free distilled water ; A suitable volume of distilled
water is boiled for 30 to 60 minutes, Nitrogen gas may be bubbled
through the water during the boiling.- As the water cools down
to room temperature, nitrogen gas must bz bubbled through.
This water is difficult to store, so it should be prepared just
before use,

Sulphide stock soluton : A solution of sodium sulphide is
prepared with oxygen-free distilled water. Crystals of
Na,$ ' 9H,0 p.a. are quickly washed with distilled water by
squirting from a washing boitle. The crystals are dried with
filter paper and placed in a pre-weighed, glass stoppered,

- weighing glass. 0:730 g is weighed on an aualytical balance and

dissolved in oxygen-free distilled water (added with aid of &

" siphon) to 1000 ml in a volumetric flask.

Sulphide working solution : Siphon a suitable volume of
oxygen-free distilled water into a 500 ml volumetric flask. Into
this is pipetted 25 ml of the sulphide stook solution and oxygen-
free distilled water is added to the mark. This solution contains
approximately 5 xg/ml as sulphide, S¥~ (about 0:156 ug at/ml).
Por the greatest accuracy, the concentration is determined by
titration. The solution is stable for only 13 - 30 minutes,

Sodium thiosulphate solution, 0.02N : 5g Na,;8,0.:.5H,0 p.a.
is dissolved in 1000 mi distilled water. Add 5 ml isobutyl
alcohol before d:lutms to- the full volume of the volumetrlc
flask.

Potassium hydrogen {odaste solution: Weigh out accurately
1.2998 g KH(10,), p.a. dried at 105°C for one hour. Dissolve
in distilled water and dilute to 1000 ml. This golution is 0.04 N
and very stable. ’

Sulphuric acid (1 + 1) solution: One volume of acid is care-
fully mixed with one volume of dlstxlled watc:r under oonstant
cooiing and mixing.

e Ve
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Starch solution: 1% or Thyodene indicator as for  the
dissolved oxygen determination. '

Potassium iodide, KI, p.a. crystals.

Equipment

Winkler bottles, Specirophotometer or filterphotometer with
filter at or close to 670 nm. 1 omand 5cm or 10cm cells and
automatic syringe pipettes. :

Calibration

Standardisation of the thiosulphate, determination of the
Jactor (f): Add 1 g pottassium icdide and 2 ml sulphuric acid
(1 + 1) to an Erlenmeyer flask with a ground stopper containing
approximately 150 ml distilled water. Mix well and add 10 mi
of the pottassium hydrogen iodate solution by means of a
pipette and stopper the flask. Swirl gently and allow the iodine
liberation to procecd (away from direot sunlight) for 2-4 minutes.
Titrate the iodine with the thiosulphate solution to a pale straw
colour. Add two drops of the starch solution as indicator and
complete the titration until the disappearance of the bilue colour.
A blank is run to check the reagents, This is done by repeating
the process, but omitting the hydrogen iodate. If v is the milli.
litres of thiosulphate consumed, then

10 —0.04 =f.v.0.02 and f— ?‘?

The mean value of (f) should be caloulated after at least
three runs, differing not more than 0.05 ml

Standardisation of the sulphide working solution: This is
carried out within minutes after preparation of the working
solution and at the same time as the preparation of the photo-
metric sfandard samples,

Take six Erlenmeyer flaskes with ground stoppers and add to
each about 10 ml distilled water and 1-2 g potassium iodide.
Pipette into each flask 10 ml hydrogen iodate sojution. Add
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1.0 ml sulphuric acid (1 4 1) into each fiask. Into three of the
flasks pipette 50 ml of, the sulphide working solution and to the
other three add about 50 m] distilled water. Set all fiasks aside
in a cool piace whilst the colorimetric standardisation is com-
menced and then titrate the contents of the flasks with thio-
sulphate using starch indicator,
A = mean of the titrations of three solutions with no added
sulphide, in ml.
B = mean of the titrations of the three solutions containing
sulphide, in ml.
f = factor of the thiosulphate.
(the individual titrations constituting a triplicate should agree to
within 0,05 ml). '
H,S m/1 = 221.40 . 1;6 (A-B)

To convert this to pgatiml Hy,S  (or rather p inoles. if the
result is reported as hydrogen sulphide instead of sulphide, S7),
the number is divided by 22.140:

- H,S pg at/m) = 0.f. (A-B) 'séA'"B)

Photometric standard samples: ¥rom the working solution
the following standard series is prepared.

To 100 m! measuring flasks or volume calibrated Winkler
bottles the following volumes of working solution are added by
means of a pipette or burette (Table 7.1) ¢

9

TasLE 7.1
20ml = 100 ug S* = 31.2 pgatfl SV
16 ml = & ,, ,, = 25.0 » »
12 ml = 60 TR T - 18.7 ”» "
8§ ml = 40 [T = 12.5 » ”
4ml = 20 , ., - 63 "
0 ml = 0 [T = ) 0'0 ” »”

P
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These conocentrations correspond to the solution with § xg/ml.
Thus they have to be corrected according to the value found by
titration.

If Winkler bottles are used the concentration values given
above have to be recalculated accerdingly for the calibration
graph described below.

With the aid of a siphon the bottles are filled up with oxygen-
free distilled water to 100 ml mark or in oase of calibrated
Winkler bottles, to the neck. In the latter case a correotion for
the volume has to be made for each bottle.

As soon as a bottle is filled up, 1 ml of each reagent is added
with an auiomatic syringe pipette and the contents of the bottle
are mixed well. After 60 minutes, the samples are measured
against the blank, at 670 nm in 1 em and/or 5 em cells, as suitable.
From the results a calibration graph for each of the cell lengths
is prepared on millimeter paper. The graph should be a straight
line and go through origo.

If higher concentrations are analysed, the graph will start
deviating from the straight line at 40 - 50 pg at/1 (about 1.3 -
1.6 mgf1). The exact point for the start of the deviation
depends on the quality of the amine solution. However, if this
is taken into account when calculating the analytical results, the
graph —and thus the working range of the method —can be
extended upto about 100 pgat/1 (about 3-2 mgf1).

Procedure

The samples must be taken with plastic water samplers, If
these are not available, metallic ones may be used provided that
the inner surfaces are plastic-coated. -

An ordinary Winkler bottle is filled with the sample in
exactly the same maoner as described for the dissolved oxygen
determination. The reagents diamine and ferric chloride are
immediately added with pipettes (preferably automatic syringe
pipettes) to the sample. Let the pipette tips extend deep into the
sample bottle. The stopper is now jnserted avoiding air bubbles.
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The blue colour starts developing in a few minutes and the
sample is rcady for measurement in a photometer after 30
minutes. However, if the sample contains high concentrations
of hydrogen sulphide, one hour must be allowed for full colour
development. The colour intensity may be regarded as constant
for at least 24 hours.

The colour intensity of the sample is measured against distilled
water (or compensated for by reagent blanks) at 670 nm using 1
or 5om cells as required.

If the sample contains higher concentrations of hydrogen
sulphide than 100 ugat/l (3.2 mg/1) it has to be diluted prior to
the analysis. This is done by pipetting a suitable volume of
the sample into a measuring flask or Winkler botile containing
some oxygen-free distilled water. The pipette tip should extend
below the surface of the water, Then more of the siluting water
is added by means of a siphon upto the calibrated volume of the
fiask or bottle. The reagents are added and the sample is then
thoroughly mixed. Account has to be taken of the silution
factor when calculating the result of the analysis.

Note: 1t is difficult to prepare a standard solution of
sulphide with a high degree of accuracy, Therefore a gystematic
error may be included in the analysis. Using the method
described, this error will be below 2%,

It seems impossible to obtain a diamine that is not more or
less discoloured. Howover, this does not seem to affect the
results. Analysis dome at the Fishery Board of Sweden with
a one year old brownish diamine solntion produced results
which differed only slightly from the results obtained with a
freshly prepared solution. '

According to Strickland and Parsons (1968) it may be
negessary to compensate the absorption value of each sample
for the absorption value of a reagent blank. This latter value
is obtained by adding reagents to flitered surface water and
measuring this against the same filtered water containing no
reagents, The absorption value should not exceed 05 in a
10 ¢m cell and should preferably be less than 0-25.
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LiMeE REQUIRBMBNT

Boyd (2, 3) altered a lime requirement procedure for agticul-
tural soils (1) so that it conld be used to estimate liming rates
for fish ponds. Boyd (2) found that total hardness and total
alkalinity of pond waters exceeded 20 mg/ litre when the base
unsaturation of muds was 0.2 or less. Furthermore, there was
a strong correlation between the base unsaturation of pond
muds and their pH values and a mud pH of 6.0 corresponded
to a base unsaturation of 0.2, Therefore, if the pH of
a mud was known, the base unsaturation could be computed
from the regression equation relating pH and base unsaturation
of muds, The reduction of pH in a buffer solution caused by a
known weight of dry mud provided an estimate of total exchange
acidity. Neutralization of the total exchange acidity would give
a base unsaturation of 0.0. Therefore, the amount of exchange
acidity (in millicquivalents) which must be neutralized to lower
the base unsaturation to 0.2 — this corresponds to 20 mg/1 total
hardness and alkalinity in pond water — was calculated as
follows :

Acidity to be - _ exchange acidity desired change in
neutralized initial base unsaturation base unsaturation

Boyd and Cuenco (4) determined that agricultural limestone
reacted to a depth of approximately 15 ¢cm in pond munds over a
2 year period and that air-dry weight of the upper 15 cm layer
of mud in pords averaged 1,400,00 kg/ha, The amount of
acidity to be neutralised as estimated for the sample may be
expanded to give the amount of acidity to be neutralised in the
pond mud, The liming rate in kilograms per hectare of CaCO,
is calculated from the acidity, A liming factor of 1.5 is
multiplied by the liming rate, because agricultural limestone is
not 100 % effective in neutralising soil or mud acidity.

The method developed by Boyd (2) has proven effective and
it has been widely used. However, the procedure was developed
for ponds in Alabama and relationships between pH and base
unsaiuration of muds differ geographically. For most accurate
results, the relationship between pH and base unsaturation of
muds should be determined for a region before the procedure is
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used. This is a difficult task that is often impractical. A simple
method developed by Pillai and Boyd (5) for determining the
lime requirement of pond muds that does not require data on
the relationship between pH and base unsaturation is presented.
This method involves measuring the total exchange acidity with
a buffer and calculating the liming rate necessary to provide a
base unsaturation of 0.0. Because this technigue will always
provide a higher liming rate than necessary, the liming factor of
1.5 is omitted.

Reagents

Buffer solution : Dissolve 20 g p-nitrophenol, 15 g boric acid,
74 g potassium chloride and 10.5 g potassium hydroxide in
distilled water and dilute to 2,000 ml with distilled water.

Procedure

Weigh 20 g of air-dry mud that passess a C.85 mm soreen into
8 100 mi beaker and add 40 ml of buffer. Stir intermittently for
1 hr and measure the pH to the nearest 0.01 pH unit with a
glass electrode. Bach 0.1 unit change in pH represents 0.16
meq of acidity. If the equilibrium pH is less than 6.8, the
procedure must be repeated using half as much dry mud.
Calculate the lime requirement as follows :

Liming rate (kg CaCO,]hu) pH ohange x 5,600

NEUTRALISING VALUR OF LIMING MATEBRIALS

The methods provides an estimate of the strength of a liming
material in neutralising acidity. Results are in terms of per-
centage of pure calcium carbonate.

Reagents

Standard hydrochlorio acid, 1.000 N.
Standard sodium hydroxide, 1.000 N,
Phenolphthalein indicator solution.
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Procediite

Finely pulverize the liming materjal. Welsh 500';113 into &

‘500 m] Erlenmeyer flask. Add 25 ml of standard hydrochloric

acid -— add slowly to prevent splattering. Boil briskly for 5

minutes. Heat on water bath for 30-minutes. Djlute to 100 my

with distilled water and allow to cool. Add a- few drops of
phenolphthalein indicator and titrate with standard sodium

hydroxide to a faint pink co]our Calculatg the neutralising

value as follows :

Neutralising value (%) = (25-T) (?)t{S.OOO) ‘.

where T = volume in millilitres of stand'ard ﬁTBOH H
N = normality of standard HCI;
S = sample weight in milligrams.
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FERTILIZATION

3..1. Chemical Sfertilizers

Inorganic fertilizers used in ponds are the same.ones used for
agrlcultural orops, Nitrogen, phosphorus and potassium are
termed the primary nutrients in fertilizers. The grade of a
fertilizer refers to percentages by weight of nitrogen (as N),
phosphorus (as P,0,) and potassium (as KO, also called potash)
For example, a 20-20-5 grade fertilizer contaims 209 N,
20% P,O, and 5% K,0. This method of expressing nitrogen,
phosphorus and potassium content is traditional rather than
descriptive. PFPertilizer does not contain elemental nitrogen {(N).
phosphorus pentoxide (PyO;) or potash (K,0). The use of N,
P;0, and KO to indioate fertilizer grades originated long ago
and has been accepted for practical purpose. Primary nutrients
in fertilizers are usunally present as relatively simple compounds
which dissolve to give nitrate, ammonium, phosphate or
potassium ions. The compositions of some common fertilizer
materials are given in Table 3.1, Calcium, magnesium and

Tamk 3.1, Composition of some common ingrganic fertilizer
_ marerials

Material . Content (7)

N POy KO
Amrgonium nitrate . 3335 _— -
Ammonium sulphate .. 2021 - -
Calcium metaphosphate . - 6264 —
Calcium nitrate .. 155 R
Ammonjum phosphate : - 11-16 2048  —
Muriate of potash. JUR-. —_— 5063
Potassium nitrate . T - -~ W
Potassium sulphate — — 50
Sodium nitrate e 16 _ —
Superphosphatie (ordinary) ve = 18-20 —
Superphosphate (double or triple) o 32-54 —
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sulfur, which ocour incidentally or are intentionally added, are
called secondary nutrients in fertilizers. Trace nutrients copper,
zinc, boron, manganese, iton and molybdenum may also be

present in minute amounts in some fertilizers.

Fertilizers with specific grades are made by mixing approptiate
quantities of nitrogen, phosphorus and potassium fertilizers.
If all the primary nutrients are included, the mixed fertilizer is

'said to be a complete fertilizer, Ingredients needed to supply
‘the primary nutrients for 100 Kg of a particular grade seldom

weigh 100 Kg. A filler is added 1o make up the difference in
‘weight. The filler may be an inert material or it may be a
nentralizing agent such as limestone, te reduce acidity,
‘Preparation of 100 Kg of B8-8-8 from ammonium nitrate
(33-5% of N), triple superphosphate (46% P4O,), muriate of
potash (60°; K,0) and fller is illustrated below :
' (1) Calculate the amount of ammonium mnitrate (35% N)
needed to give 8 Kg of N &
8 Kg of N+0+335=239 Kg ammonium nitrate.
(2) Calculate the amount of triple superphosphate
(46%; P,O,) needed to give 8 Kg of P;0, :
8§ Kg PyO,+0-46=17-4 Kg triple superphosphate.
(3) Calculate the amount of muriate of potash (60% K,0)
needed to give 8 Kg of K40 :
8 Kg K;0+0-60=13'3 Kg muriate of potash,
(4) Combined, the three fertilizer materials only weigh

546 Kg, so 45-4 Kg of filler must be added to give
100 Kg.

- The calculations for preparing mixed fertilizer from basic
source materials are slightly more difficult if one of the source
materials contains two primary nutrients. The appropriate
caloulations for preparation of 100 Kg of 20-20-5 fertilizer from
diammonivm phosphate (219 N and 54 2/ P,Op), urea (459 N),
and muriate of potash (6094 K,0) are given below ;

(}) Calculate the amount of diammonium phosphate
(54% P3O;) needed to give 20 Kg of PO, ¢
20 Kg+0-54=237-0 Kg diammonium phosphate,
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(2) Calculate the antount of N contained in 370 Kg of
~ diammonium phosphate (21 9, N) :
370 Kg x 0 21-_7 8§ Kg N

(3) Since the diammonium phosphate supplies 7-8 Kg N,
only 12-2 Kg N are needed from urea. Calcnlste the
amount of urea (43% N) :

12-2 Kg+0:45=27-1 Kg urea,

(4) Calculate the amount of muriate of potash (60% K,0)
required for 5 Kgof K,0 :

5 Kg+0-60=8-3 Kg muriate of potash,

(5) The three ingredients weigh a total of 72-5 Kg, so
27-5 Kg of filler must be added for 100 Kg of 20-20-5
fertilizer.

In fish culture, it is usually not necessary to mix ingredients
and add filler as illustrated above. The appropriate quantities
of fertilizer source materials may be calculated, weighed and
applied to the pond, For example, suppose that a 1 ha pond
must be treated with 20 Kg/ha of 10-20-0 fertilizer and
ammonium sulphate (209, N) and triple superphosphate
(46% PsO,) are available for use. First calculate the amounts
of ammonium suiphate and triple superphosphate as follows :

(1) Since a 10-20-0 fertilizer contains 10 Kg N, 20 Kg
P,0, and 0 Kg K;O, the amounts of N and P,Oyin
20 Kg of 10-20-0 are :

20Kgx0'10=2 Kg N;
20 Kg x 020 =4 Kg P,0,.
(2) Calculate the amount of ammonjum sulphate (209, N)
which contains 2 Kg N :
2 Kg-+0-20=10 Kg ammonium sulphate,

(3) Calculate the quantity of triple superphosphate
(46 % P, O,) needed to give 4 Kg of PO, :

4 Kg+0-46=8-7 Kg triple superphosphate.

Next, weigh out 10 Kg of ammonium sulphate and 8-7 Kg of
triple superphosphate and apply these quantities to the pond.

R —"
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3.2. Chemical fertilizers and fish production

The use of fertilizers to increase fish yields has an agricultural
analogy in the use of fertilizers to favour greater growth of
pasture grasses which, in turn, allows increased production to
livestock, Therefore, the fish culturist should understand some
of the basic principles regulating the beneficial use of fertilizers
in agriculture. When-a single growth factor is limiting the
growth of a plant, the increase in growth with each equal
successive addition of the growth factor is progressively smaller.
Although slightly more complex, this idea may be extended to
more than one growth factor. Incrop production, the fertilization
rate which results in maximum yield is not necessarily the most

Fish
production,
IGquO/-hu
R .s Z
| L2001 é g
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Fertilizer, kg/ho per year

+JF16.-3.1. . An example of the increase in fish production with increasing
fertilizer application rates, The value in dollars per hectare of the
increase in fish production above the added cost of the fertilizer is given
above thz bars representing fish production at progressively increasing
fertilizer rates. For caleulations, fertilizer was given a value of $0.20
per kilogram and fish a value of § 1,00 per kilogram,
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economical, After the addition of a few units of fertilizer, the

economic value of the increase in crop resultiog from another unit
of fertilizer may be less than the value of a unit of fertilizer.
These same principles apply to fish production (11, 12) and the
relationships between fertilizer rate, fish yield and economic
value of fish and fertilizer are illustrated in Fig. 3-1.

Since plankton production is most often limited by inadequate
phosphorus, phosphate fertilizers are widely used in fish culture
(11, 15). In some ponds, it has also been beneficial to include
nitrogen fertilizers along with phosphate fertilizers. ‘There has
also been limited use of potassium fertilizers in fish production.
Increases in fish production resulting from inorganic fertilization
differ greatly, but fish production is normally increased by two to
five times through proper use of fertilizers (8, 11, 19). Some
typical increases in fish production through morgamc fertlllzaﬁo;i !
are summarised in Table 3-2. . !

TasLe 3.2. Typical increases in fish production following feﬂiﬁzariom
the factor of increase obrained by dividing production in '
Sertilized ponds by production in unfertilized ponds

Factor of increase

Culture spesies attributable to fertilizer
Tilapia sp. . in
THapia sp., Puntins javanicus and .
Crenopharyngodon idella e o 4.38
Lepomis macrochirus . 3.37
Cyprinus carpio . 1.72 t0 8,32

Experience with fertilization of Tilapia poads in Indonesia.(11)
indicated that the most efficient fertilization programme was the
application of 45 Kg/ha of P,O, as annually superphesphate.
In Europ:, the annual application of 25 to 30 Kg/ha of P,0,,
usually as supzrphosphate has given adequate production of
common carp (15)- In Israel, common carp and Tilapia ponds
are fertilized with 60 Kg/ha of ammonium sulphate and 60 Kg/ha
of superphosphate at 2 week intervals (9, 10). In Alabama,
U.S.A. the most efficient fertilizer schedule for Tilapia ponds
consisted of biweekly applications of 22'5 Kg/ha of 5-20-5
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fertilizer (1). A popular fertilization schedule which is widely
used in the southeastern United States is outlined below :

(1) In mid-February or early March apply 45 Kg/ha of
20-20-5 fertilizer. Follow with iwo addltlonal appli-
cations at 2 week intervals,

(2) Make three more applications of 45 Kg/ha of 20-20-5
at 3 week intervals,

(3) Continue applications of 45 Kgfha of 20-20-5 at
monthly intervals or whenever the water clears so that
the Secchi disc visibility exceeds 45 to 60 em.

(4) Discontinue applications by the tast week of October.

The fertilization programme outlined above has been widely
used and will produce moderate to dense plankton blooms in
most ponds. However, recent research at Auburn University
has demonstrated that ponds in well managed pastures often need
no fertilization, while woodiand ponds almost invariably need to
be fertilized for good fish production (2) ; nitrogen and potassium
fertilization is not required in many ponds (§, 7; and periodic
application of 4:5 Kg/ha of PO, (10 to 12 applications per year)
will give good plankton and fish produotion in woodlaand
ponds (7, 13),

Research on liquid fertilizers (3, 6, 14) indicates that liguid
fertilizers are much more effective than traditional granular
feetilizers for increasing fish production in ponds. A summary of
this research is provided in Table 3.3. Data show that 2.2 kg/ha

TABLE 3.3, Production of Swnfish in experimental ponds
atr Auburn University, Auburn, Alabama

Fortilizer P,0: Sunfish

treatment Type {kg/ha) (kglha)
None . . 0 112
20-20-5 . Gramular 9 359
0-20-5 . Granular 4 321
13-38-0 e Liquid 22 309
13-38-0 .. Liquid 4.4 315
13-38-0 .- Liquid 9 418
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of P,O, in liquid fertilizer is just as effective as 9 kg/ha of P,O
in a granular fertilizer.

Plankton can quickly absorb phosphorus from water, In
fact, plankton can absorb 503, or more of the phosphate added
in a normal fertilizer application within 24 hours (6).  When
fertilizer granules are broadcast over pond surfaces (the usual
method of application), the granules settle immediately to the
bottom and the phosphorus is quickly absorbed by mud as it
dissolves. Therefore, much of the phosphorus .from granular
fertilizers never reaches the water for absorption by the plankton.

pap ¥ ‘1 R |

Fie. 3.2, Concentrations of soluble inorganic phosphorus in water of
three ponds treated with either fluid fertilizer (Poly W), diammonjum
phosphate (DAP) or triple superphosphate (TSP) at rates of 9 1bs
PyO¢halapplication, Arrows mdxcate application dates. 1

This problem is overcome by use of lignid fertilizers. Phos-
phorus was applied to ponds of identical depth at 9 kg/ha of
P;O, per application (6). Concentrations of phosphorus wers
much higher when liquid fertilizer was the source of phosphorus
rate than ftriple superphosphate or diammonium phosphate
(Fig. 3.2). Although phosphorus concentrations declined to similar
low values in all ponds within 2 or 3 weeks after application, the
high initial concentration of phosphorus in the pond treated with
liquid fertilizer would favour rapid uptake of phosphorus by
plankton. Another study (14) showed that phosphorus concen-
trations fertilized at 2.2 kgfha of P,0, with liquid fertilizer had
phosphorus concentrations as high as pouds fertilized at 9 kg/ha
of P,O, with granular triple superphosphate.
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It is unreasonable to assume that a single fertilizer appli-
cation rate would be the most effective one under all conditions,
Ponds vary greatly in morphometry, hydrology, bottom muds,
‘water quality and type of fish culture, so their response to a given
fertilization programme vary greatly. To use an agricultural
analogy, it is common knowledge that fertilizer requirements of
different fields and orops differ greatly. Fertilization recommen-
dations based on scil analyses have been calibrated against crop
responses and the results of soil analyses are used to establish
fertilizer rates. Calibration must be conducted for individual
crops and for specific soil associations, The nature of different
pond muds and waters no doubt varies as greatly as do the
characteristios of soils, so a fertilizer rate which works perfectly
well in ponds at Auburn, Alabama, may be entirely unsuitable
for ponds in another locality. Unfortunately methods for deter-
mining the fertilizer requirements of individual ponds are not
available, The reader may use the results reported above as
guidelines to establish a suitable fertilization programme for a
given pond. The abundance of plankton measured by Secchi
disc visibility may be used o determine if a particular fertilizer
application rate is suitable, This allows for adjustments in the
rate without having to wait until fish are harvested to determine
if the initia} application rate was successful,

3.3. Methods of application

Large applications of fertilizers at long intervals are wasteful
because much of the phosphorus is absorbed by the mud and
nitrogen is lost through denitrification (4). In the United
States, fertilizers have traditionally been applied at 2 to 4 week
intervals. Pertilizers may be broadeast over shallow water areas
of the pond. Fertilizers can be applied more efficiently by
placing them on underwater platforms such as the one shown
in Fig. 3-8. This method of application prevents phosphorus
fertilizer from settling to the pond bottom where the phosphorus
is rapidly absorbed by mud. Platforms should be about 30cm
underwater and one platform is adequate for 2 to 4 hectares of
pond area. Pertilizer is simply poured on the platform and
water currents distribute nutrients as they dissolve,
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Liquid fertilizers are hoavier than water, so they will flow to
the bottom if poured directly into the water. They can be mixed
1:3 with water and splashed around the edges of ponds, or

they can bz discharged through a tube into the propeller wake of
an outboard motor as the boat is navigated over the pond.

B 3 (< R A"fertilizerplatfom; ’

Ponds with muddy water or water stained with humic
substauces in which the Secchl dlso wsnblhty is less than 30om
light for plankton growth, Weed control must be effected in
ponds that are choked with macrophytes or fertilizers will stimu-=
late macrophytes instead of plankton, If the retention time of
water in a pond does not exceed 3 or 4 weeks, fertilizer nutrients
will be flushed out of the ponds before they produce plankton.
Pinally, ponds with acid muds and total alkalinities dbelow 15 or
20 mg/litre may not respond to inorganic fertilizatwn Ainless hme
is first applied. .

* Some other factors must also be comsidered when wusing
fertilizers, New ponds whioh have never been fertilized riey

anip pipon e
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require more fertilizer than older ponds that have a history of
fertilization. Obviously, fertilization is not effective in flowing
waters. In ponds where fish obtain their food almost entirely
from feeds, little or no fertilizer should be applied. Some
fertilizers are acid forming (urea, ammonium sulphate and
ammonium nitrate) and their continued use may result in
decreased alkalinity and pH., The acidiy of nitrogen fertilizers
can be counteracted by liming.

3.4. Organic fertilizers

Organic fertilizers consist of various animel manures or plant
wastes and are usually called manures. Organic materials may
serve as direct sources of food for fish food organisms and fish,
or they may decompose and the inorganic nutrients released may
cause plankton blooms. Organic fertilizers have very low N,
P40y, and KO contents (Table 3.4) and tremendous quantities
are required to supply the same amounts of fertilizer nutrients

TABLE 3.4, Fertilizer constituents in fresh manure of selected
Sfarm animals — after Morrison (46)

of mature Average Composition (¢
Tyee Moisture air l:‘l‘:":ﬁO. (ﬁo
Dairy cattle .. 8% . 2 5
Beef caitle .. 8% J 5 5
Poultry o T 1.2 1.3 .6
Swine . 82 5 3 A
4 5 1.2

Sheep .. 1

found in small quantities of chemical fertilizers, When added to
ponds, manures decay and exert an oxygen demand and excessive
applications may result in depletion of dissolved oxygen, The
rate of oxygen consumption by manure varies with the typzof
manure and water quality, so the fish culturist must work out
safe applioation rates for a partioular manure through trial
and error or expetimentation.

Organic fertilizers are not widely used in' the United States,
but they receive extensive use in many other countries. Manures
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frequently represent waste products and may be beneflcially used
in fish culture. However, beoause of labour and transport costs
they may be as expensive per unit of N, P,O, and K,0 as

TaBLE 3.5, Production of Bluegill (Lepomis macrochirus) in ponds
Jertilized with organie fertilizers and Inorganic fertilizer —
: After Smith and- Swingle {60, 62) )

Type of fertilization | . .. Bluegill

{Kglha)
Cottonseed meal 1,160 kg/ha . 421
Cow manure 9,000 kg/ha . 272
Kudzu hay 9,000 kgfha . ' .. 176

Inorganic fertilization 8-8-8, 1,100 kg/ha .. 341

—

chemical fertilizers. Fish production méy. bs similar or even.

greater in ponds treated with manures than in ponds treated
with chemicat fertilizers (Table 3.5). This is especially true
with the species such as Tilapia that will feed direetly on
the manure. :
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PREFACE

Water quality management forms an integral aspect of
aquaculture operations. An understanding of the complex
interactions continuously taking place between the ecosystem and

- the stocked organism is essential to enhance the survival and

production by appropriate manipulation of the aquatic
environment. Water guality is also of critical importance in
enhancing seed production rates in hatcherics and nursery
systems, The same also assumes considerable sigaificance in
controlling water poliution problems as well as environmental
contamination from metabolites and oxygen depletion in culture
systems, In India mot much work has been carried out on such
aspects as aeration, fertilization and liming in aquaculture
systems,

We were happy that Dr. Claude E. Boyd, Professor,
Depariment of Fisheries and Allied Agquacultures, Auburn
University, Alabama, U.S.A., an authority on Water Quality
Management, visited the Centre of Advanced Studies in
Mariculture for a brief period in December 1984 as an expert
consultant to afford advice and suggestions on the subject fo
upgrade research, education and Water Quality Management,
During this period a four day Workshep .was organised and
conducted by Prof. Boyd, the course programme which covered
in depth the problems on Water Quality Management, Selected
aspects pertaining to the environmental conditions were examined
and critically evaluated in the cousse of the Workshop, especially
vital aspects such as feeding and water quality, fertilization
and liming, dissolved oxygen demand and acration in cuiture
ponds,

This manual was prepared in connection with the Workshop
conducted by Prof. Boyd., It is practically difficult to give
ooverage to ali the water quality problems in aquaculture in a
manua) like this. However, all essential aspects inoluding
methods for water analysis and dose calculations are included in
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this publication. It is hoped that the students, scientists and
aquaculture entreprencurs will be immensely benefited by this
manual in handling Water Quality Management problems in
aguaculture activities.

I express my sincere thanks to Prof. Claude B. Boyd for
preparing this manual and the various suggestions regarding
Water Quality Management. I thank Shri V. Kunjukrishna Pillai,
Scientist and counterpart to Dr. Boyd for the assistance given in
the preparation of the manual as well as for the keen interest
shown in the conduct of the Workshop.

E. G, SILAS
Cochin 682 018, Director,
22 March 1985. Ceniral Marine Fisheries
Research Institute
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