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FOREWORD

Water quality is one of the most important factors determining the success and sustainability
of aquaculture. The health, growth, and productivity of fish and other aquatic organisms are
directly influenced by the physical, chemical, and biological characteristics of the water they
live in. Even small changes in parameters such as temperature, dissolved oxygen, pH,
ammonia, and hardness can have a significant impact on the performance and survival of
cultured fish species. Therefore, understanding and managing water quality is essential for

achieving stable and profitable aquaculture production.

This manual on Water Quality Management in Aquaculture has been developed as a
comprehensive and practical resource for farmers, field technicians, extension personnel, and
students involved in aquaculture. It provides clear explanations of important water quality
parameters, outlines standard methods for monitoring and assessment, and offers simple yet
effective management and corrective practices. The manual also emphasizes the importance
of maintaining ecological balance, sustainable input use, and long-term environmental

stewardship, which are vital for the future of aquaculture.

By combining scientific knowledge with field-level experience, this publication aims to
bridge the gap between research and practice. It serves not only as a reference document but
also as a tool to help farmers make decisions and adopt better management strategies for

higher productivity and profitability.

I sincerely appreciate the dedicated efforts of the authors and contributors who have compiled

this valuable publication. Their work will undoubtedly benefit the aquaculture community

and contribute to improving livelihoods, food security, and sustainable W

in the region.

Date: [
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PREFACE

Aquaculture has emerged as one of the fastest-growing sectors contributing to
food security, employment, and income generation in India, particularly in island
and coastal regions. However, the success of aquaculture largely depends on
maintaining optimal water quality. Water serves as the living medium for aquatic
organisms, and its quality directly influences their growth, feed efficiency,
reproduction, and overall health. Poor water management can lead to stress,
disease outbreaks, and reduced productivity, making it essential for farmers and
field workers to understand the science and practice of water quality
management.

This manual, Water Quality Management in Aquaculture, has been prepared with
the objective of providing a simple, practical, and science-based understanding
of the key water quality parameters that affect aquaculture systems. It covers
physical, chemical, and biological aspects of water quality, including their
significance, desirable ranges, monitoring techniques, and suitable management
measures. The content is presented in a farmer-friendly manner, supported by
scientific principles, to help both new and experienced practitioners make
informed decisions in pond management.

Special emphasis has been placed on the integration of good management
practices that ensure sustainability and environmental safety. The manual also
highlights low-cost and locally adaptable methods for water quality
improvement, which are especially relevant for small and medium-scale farmers.
It is hoped that the information presented here will serve as a valuable guide for
extension workers, students, and fish farmers in the islands and other parts of the
country.

I take this opportunity to express sincere appreciation to the contributors who
have invested their time and expertise in preparing this manual. Their collective
effort has resulted in a practical resource that bridges research knowledge with
field application. It is our belief that this publication will enhance awareness,
promote scientific aquaculture practices, and support the growth of a sustainable
aquaculture sector in the region.

(Authors)
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Chapter 1. Importance of Water Quality in Aquaculture

V. Damodaran & Subam Debroy

ICAR-Krishi Vigyan Kendra (CIARI), North & Middle Andaman, Nimbudera, A&N Islands-
744201, India

Introduction: Water quality is one of the most important factors that determines the success
of aquaculture. It is generally divided into three categories: physical, chemical, and biological.
Even slight changes in key parameters such as pH, temperature, or dissolved oxygen can stress
aquatic organisms, leading to physiological or behavioural changes. Poor water quality can
slow growth, reduce reproductive performance, and increase susceptibility to diseases. Proper
water quality management helps maintain favourable conditions and reduces these risks.
Aquaculture farmers need to understand the basics of water quality management to make the
best use of water resources, ensure sustainable production, and achieve profitable outcomes
while protecting the environment.

Categories of Water Quality

Physical parameters- The physical condition of water is greatly influenced by depth,
temperature, turbidity, and light. These are the key physical parameters that determine the
productivity of a pond.

Chemical parameters — In aquaculture, chemical parameters play a crucial role in determining
the suitability of water for fish and other aquatic organisms. The key chemical parameters are
pH, Dissolved oxygen (DO), Carbon dioxide, Salinity, Alkalinity, Hardness, Ammonia, Nitrite,
Nitrate, Calcium, Chloride and Phosphorus etc.

Biological parameters — Biological parameters of water quality refer to the presence and
activity of living organisms such as plankton, benthos, and microorganisms. These organisms
indicate the ecological balance and productivity of a water body. A healthy pond should have
abundant phytoplankton and zooplankton, which form the primary food source for fish.

Excessive growth of algae or harmful microorganisms, however, can disturb water quality and
affect fish health.

Importance of Water Quality Monitoring

Monitoring water quality is crucial because fish are highly sensitive to environmental changes.
Even small deviations in parameters like dissolved oxygen, pH, temperature, or ammonia can
cause stress, reduce growth, or lead to disease and mortality. Regular monitoring helps farmers:

1. Detect problems early: Identify harmful changes before they seriously affect fish health.

2. Maintain optimal growth conditions: Ensure water parameters support efficient
metabolism and feeding.

3. Prevent disease outbreaks: Poor water quality can promote pathogens and harmful
algae.

4. Manage pond productivity: Balanced water conditions support plankton and natural
food, improving fish survival and growth.

5. Implement timely corrective measures: Aeration, water exchange, or chemical

adjustments can be applied as needed.



6. In short, systematic water quality monitoring ensures a stable and productive pond
environment, reduces losses, and supports sustainable aquaculture practices.
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Chapter 2. Water Quality Standards for Aquaculture Ponds

Subam Debroy!& Chittaranjan Raul®

'ICAR-Krishi Vigyan Kendra (CIARI), North & Middle Andaman, Nimbudera, A&N
Islands- 744201, India

2JCAR-Central Island Agricultural Research Institute, Sri Vijayapuram, A&N Islands-
744105, India

Maintaining proper water quality is essential for the health, growth, and productivity of
cultured fish. Water quality parameters can be divided into physical, chemical, and biological
factors, each of which must remain within an optimum range to support a balanced pond
ecosystem.

Table 1. The optimum range of various water quality parameters

Sr.N | Parameter Acceptable Desirable Stress
0 range range
1. Temperature (°C) 15-35 20-30 <12,>35
2. Turbidity (cm) 30-80 <12,>80
3. Water colour Pale to light | Light green to | Clear water, Dark
green light brown green &Brown
4. Pissolved oxygen (mg L | 3-5 5 5,8
)
5. |BOD(mgL") 3-6 1-2 >10
6. | CO,(mgL") 0-10 <5,5-8 >12
7. pH 7-9.5 6.5-9 <4,>11
8. | Alkalinity (mgL") 50-200 25-100 <20, 3300
9. Hardness (mg L >20 75-150 <20,>300
10. | Calcium (mgL™") 4-160 25-100 <10, >250
11. | Ammonia(mgL™) 0-0.05 0- <0.025 >0.3
12. | Nitrite (mg L") 0.02-2 <0.02 >(.2
13. | Nitrate (mg L") 0-100 0.1-4.5 >100, <0.01
14. | Phosphorus (mg L") 0.03-2 0.01-3 >3
15. | H,S (mg L 0-0.02 0.002 Any detectable level
16. Pr]ima]ry productivity (C | 1-15 1.6-9.14 <1.6,>20.3
LD
17. | Plankton (No. L") 2000-6000 3000-4500 <3000, >7000
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Chapter 3. Monitoring and Assessment of Water Quality

Subam Debroy!& Chittaranjan Raul®

'ICAR-Krishi Vigyan Kendra (CIARI), North & Middle Andaman, Nimbudera, A&N

Islands- 744201, India

2JCAR-Central Island Agricultural Research Institute, Sri Vijayapuram, A&N Islands-

744105, India

Introduction: Proper monitoring and assessment of water quality are essential to ensure a
healthy and productive aquaculture pond. Water quality directly affects fish growth, survival,
and overall pond productivity. Systematic monitoring allows farmers to identify problems
early, take corrective measures, and maintain an optimal pond environment.

Objectives of Monitoring

The main objectives of water quality monitoring are:

1.

2.

Assess pond health: Determine whether the physical, chemical, and biological
conditions are suitable for fish production or not.

Detect changes: 1dentify harmful fluctuations in water parameters before they cause
stress or mortality.

Guide management practices: Provide information for feeding, fertilization, aeration,
and water exchange decisions.

Ensure sustainability: Maintain a balanced ecosystem that supports natural food
production and long-term pond productivity.

Key Parameters to Monitor

Monitoring should include physical, chemical, and biological parameters.

Physical parameters & Their Management:

1.

Depth: The depth of a pond significantly influences both the physical and chemical
characteristics of water. It affects temperature distribution, water circulation patterns,
and the extent of photosynthetic activity. In shallow ponds, sunlight can penetrate to
the bottom, warming the water and enhancing productivity. However, ponds shallower
than one meter may overheat during tropical summers, which can adversely affect the
survival of fish and other aquatic organisms. For optimal biological productivity, a pond
depth of approximately two meters is generally considered ideal.

Temperature: Water temperature is primarily influenced by climate, sunlight, and pond
depth. Seasonal and diurnal fluctuations significantly affect pond productivity, with
temperatures generally lowest in the early morning and highest in the afternoon.
Tropical ponds often support higher fish yields than temperate ones due to greater heat
availability. Temperature also plays a critical role in physiological processes, including
breeding, and affects chemical dynamics in water and soil, such as dissolved oxygen
levels, which decrease as temperature rises. Fish exhibit varying temperature



tolerances, with Indian major carps being eurythermal, capable of surviving across a
wide temperature range.

Remedies/correction: Thermal stratification in ponds during summer can be
minimized through regular water exchange and by providing shade, either with planted
trees or artificial coverings, while mechanical aeration can be used simultaneously to
ensure proper oxygen circulation.

Turbidity: Turbidity in water bodies arises from suspended inorganic particles, such as
silt and clay, as well as planktonic organisms. Its intensity depends on the nature of the
pond basin and the sediments entering the system. Ponds with clayey bottoms typically
exhibit higher turbidity, which limits light penetration, reduces photosynthetic activity,
and consequently restricts overall biological productivity. Managing turbidity is
therefore essential for maintaining optimal pond performance.

Remedies/correction: Turbidity in the pond can be reduced by adding fresh water or
applying lime (CaO), alum at a rate of 20 mg/L, or spreading gypsum over the entire
pond at a rate of 200 kg per 1,000 m? of water.

Light: Light is a critical physical factor influencing pond productivity. The availability
of light energy affects photosynthesis and overall biological activity in the pond. Light
penetration is largely determined by turbidity, which reflects the combined effects of
suspended clay and silt particles as well as the density and distribution of planktonic
organisms. Accurate assessment of light penetration is essential for evaluating and
managing pond productivity.

Chemical parameters:

1.

PH: The pH of water is measured as the negative logarithm of the hydrogen ion
concentration. The presence of carbon dioxide, an acidic gas, significantly influences
the pH of natural water bodies (Boyd, 1979). The normal blood pH of fish is around
7.4, but a slightly broader range of 7.0 to 8.5 is considered ideal for optimal growth and
reproduction. Fish may experience stress in water with a pH of 4.0 to 6.5 or 9.0 to 11.0,
and mortality becomes likely if the pH falls below 4.0 or exceeds 11.0.

Remedies/correction: To lower high pH levels in a pond, gypsum (CaSO4), organic
materials such as cow dung or poultry droppings can be applied. Conversely, quicklime
(CaO) can be used to raise the pH if it is too low in the aquatic environment.

Dissolved oxygen (DO): Dissolved oxygen (DO) refers to the amount of oxygen gas
present in water that is available for aquatic organisms. It is a critical factor for fish
survival, growth, and metabolic processes. Fish extract oxygen from water through their
gills, and inadequate oxygen levels can lead to stress, reduced feeding, slower growth,
and even mortality. For most freshwater species, the optimal DO concentration ranges
from 5 to 9 mg/L, supporting healthy growth and physiological functions. When DO
levels drop below 3 mg/L, fish begin to experience stress, and their normal metabolic
activities are affected. At critically low levels, below 1 to 2 mg/L, the risk of mass fish



mortality becomes high, making the maintenance of adequate dissolved oxygen
essential in aquaculture systems. The concentration of dissolved oxygen in water is
influenced by several factors. Temperature plays a key role, as colder water can hold
more oxygen than warmer water. Photosynthetic activity by aquatic plants and algae
also contributes to oxygen levels, releasing oxygen during daylight hours. Conversely,
respiration by fish and microorganisms, as well as the decomposition of organic matter,
consumes oxygen and can reduce its concentration. Water movement, such as currents,
waterfalls, or artificial aeration, helps increase oxygen levels by promoting gas
exchange between the water and the atmosphere.

Remedies/correction: To maintain optimal water quality in aquaculture ponds, it is
important to limit the use of fertilizers and organic manures to prevent oxygen
depletion. Aquatic plants should be controlled physically, and phytoplankton growth
managed to maintain balanced dissolved oxygen (DO) levels. Recycling pond water
and using aerators can improve circulation and oxygenation, while manual or
mechanical stirring of the water further enhances oxygen distribution. Overstocking of
fish should be avoided to reduce stress and maintain healthy water conditions.
Additionally, if DO levels become excessively high, warm water can be gradually
introduced through pipes to stabilize the pond environment.

Carbon dioxide: The primary source of carbon in aquatic ecosystems is free carbon
dioxide, a highly soluble gas in water. It is produced mainly through the respiratory
activities of animals and can exist in water in the form of bicarbonates or carbonates,
derived from natural sources such as the earth’s crust, limestone, and coral reefs. When
carbon dioxide dissolves in water, it forms carbonic acid, which lowers the pH of the
system, particularly in waters with low buffering capacity. This reduction in pH can be
harmful to aquatic organisms, affecting their growth, reproduction, and overall health.

Remedies/correction: Proper aeration is an effective method to release excess
dissolved gases from pond water. This helps prevent gas-related stress in fish and
maintains a healthy aquatic environment. Chemical additives such as lime (CaCOs) or
sodium bicarbonate (NaHCO:s) can be applied to stabilize pH levels and improve overall
pond conditions, ensuring a suitable environment for fish growth.

Salinity: Salinity is a vital chemical parameter in aquaculture, as it significantly
influences the health, growth, and survival of aquatic organisms. Different species have
specific tolerance ranges to salinity, making it essential to maintain suitable conditions
depending on the type of aquaculture system. For instance, freshwater species such as
tilapia, catfish, and carp thrive in water with very low salinity typically less than 0.5
ppt. These environments include rivers, lakes, ponds, reservoirs, and other inland water
bodies. In contrast, coastal or brackish water systems have moderate salinity levels,
ranging from 0.5 to 30 ppt. These areas such as estuaries, mangroves, and tidal zones
represent a mix of freshwater and seawater, supporting species like shrimp, milkfish,
and various mangrove-associated organisms. Brackish water aquaculture is common in
these regions due to the adaptability of certain species to fluctuating salinity levels.
Marine water environments, such as oceans and seas, have high salinity usually around
35 ppt. These systems are home to marine species like sea bass, grouper, and marine
algae, which are well adapted to salty conditions. Marine aquaculture in these waters is
used for fish farming, shellfish cultivation, and even salt production. Maintaining
optimal salinity is crucial for the osmoregulation of aquatic organisms, which affects



their metabolism, immune function, and overall well-being. Rapid or extreme changes
in salinity, often caused by evaporation, rainfall, or improper water exchange practices,
can stress aquatic species and lead to reduced growth or mortality.

Remedies/correction: Salinity in the pond can be managed by either increasing it or
diluting it through the replenishment of fresh water, depending on the requirements of
the cultured species. In addition, aeration is essential to evenly distribute salinity

throughout the water column, ensuring a balanced environment and reducing stress on
the fish.

Alkalinity: Alkalinity is the measure of water's ability to resist changes in pH, acting as
a natural buffer that helps maintain stable water conditions. It is mainly made up of
dissolved substances such as carbonates, bicarbonates, hydroxides, phosphates, borates,
calcium, and magnesium. In aquaculture, proper alkalinity is crucial for fish health, as
it prevents sudden pH fluctuations that can stress or harm aquatic organisms. The ideal
alkalinity range for fish culture is 50-300 mg/L. If alkalinity is too low, even a small
amount of acid can significantly lower the pH, leading to an unstable environment.
Alkalinity can increase naturally through lime leaching from concrete ponds or rocks,
plant photosynthesis, and processes like denitrification and sulphate reduction. It can
decrease due to respiration, nitrification, and sulphide oxidation. Small increases may
also result from evaporation and organic matter decomposition. Regular monitoring and
management of alkalinity help maintain water quality, ensuring a healthy and
productive aquaculture system.

Remedies/correction: Alkalinity can be increased using calcium carbonate, concrete
blocks, oyster shells, limestone, or eggshells, depending on soil pH and buffering
capacity.

Hardness: Hardness is an important chemical parameter of water quality, especially in
aquaculture and freshwater systems. It refers to the concentration of divalent metal ions
in the water, mainly calcium (Ca*") and magnesium (Mg?"). These minerals are
naturally present in rocks and soil and dissolve into water as it moves through the
environment. Hardness is typically measured in milligrams per liter (mg/L) as calcium
carbonate (CaCOs). Based on concentration, water is classified as: Soft: 0-75 mg/L,
moderately hard: 75-150 mg/L, Hard: 150-300 mg/L and Very hard: >300 mg/L.

In aquaculture, the ideal hardness range is 75-250 mg/L. Calcium and magnesium are
essential for fish physiology, including bone development, enzyme activity, and
osmoregulation. Proper hardness also supports the health of crustaceans like shrimp,
which need calcium for shell formation.

Remedies/correction: Quicklime, alum, or a combination of both increases water
hardness, whereas the addition of zeolite helps reduce it in the pond.

Ammonia: Ammonia is a crucial water quality parameter in aquaculture and aquatic
environments because it directly affects the health of aquatic organisms. It primarily
originates from fish excretion, the breakdown of uneaten feed, and decomposing
organic matter. In water, ammonia exists in two forms: un-ionized ammonia (NH3),
which is highly toxic to fish, and ionized ammonia (NH4"), which is much less harmful.
The total amount of both forms is known as Total Ammonia Nitrogen (TAN). The



proportion of toxic un-ionized ammonia increases with higher pH and temperature,
making water conditions more dangerous for fish. For healthy aquaculture practices,
the concentration of un-ionized ammonia should be kept below 0.02 mg/L to prevent
harmful effects such as gill damage, slowed growth, weakened immune response, and
even mortality. Elevated ammonia levels often occur in poorly managed systems with
inadequate water exchange, overfeeding, or overstocking.

Remedies/correction: The addition of liming agents, such as hydrated lime or
quicklime, can help reduce ammonia levels, although this technique is effective only in
ponds with low alkalinity. In addition, Formaldehyde and zeolite treatments can also
be used to bind ammonia chemically. For example, a dosage of 50 ml per 100 gallons
can bind up to 1 ppm of ammonia, but it is important to follow the manufacturer’s
instructions carefully. Furthermore, Regular water changes are recommended to
maintain water quality and reduce the accumulation of harmful substances.

Nitrite: Nitrite is an intermediate compound formed during the aerobic nitrification
process by autotrophic bacteria called Nitrosomonas, which convert ammonia into
nitrite by combining it with oxygen. This process is a crucial step in the nitrogen cycle
within aquatic systems. Nitrite is often referred to as the “invisible killer” of fish
because it interferes with oxygen transport in their blood. It oxidizes hemoglobin to
methemoglobin, causing the blood and gills to turn brown, which impairs respiration.
Additionally, nitrite exposure can cause damage to vital organs such as the nervous
system, liver, spleen, and kidneys in fish. The ideal concentration of nitrite in any
aquatic environment is essentially zero. Generally, nitrite levels between 0 and 1 mg/L
are considered desirable, with concentrations below 4 mg/L regarded as acceptable.

Remedies/correction: Nitrite levels can be reduced by following proper management,
chemical, and biological measures. First, maintain good husbandry: reduce stocking
densities, improve feeding practices, ensure effective biological filtration, increase
aeration, and temporarily stop feeding if necessary. Chemical measures include adding
small amounts of chloride salts and performing regular water changes to dilute nitrite
and protect fish. Biological methods, such as using biofertilizers, help accelerate
nitrification, converting nitrite into less harmful nitrate. Combining these approaches
keeps the system safe and healthy for aquatic animals.

Nitrate: Nitrate is the most stable and oxidized form of nitrogen found in aquatic
environments. It originates mainly from the oxidation of nitrite and the decomposition
of organic matter, including uneaten feed and fish waste. While nitrate is less toxic to
fish compared to ammonia and nitrite, excessive accumulation can still be harmful over
time, leading to poor growth and stress in aquatic organisms. Nitrate levels also
influence the productivity of ponds by promoting the growth of phytoplankton and
aquatic plants. However, high concentrations can cause eutrophication, resulting in
oxygen depletion and imbalance in the aquatic ecosystem. Regular monitoring and
maintaining nitrate levels below 50 mg/L are generally recommended for most
aquaculture systems.

Remedies/correction: Nitrate concentration can be reduced by periodic water
exchange with low-nitrate water, application of ion-exchange resins, and increasing
aquatic plant biomass to enhance uptake. Denitrifying biofilters can further convert
nitrate into nitrogen gas, effectively lowering its accumulation in the system.
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Chloride: Chloride is an important water quality parameter that helps maintain the
osmotic balance in fish and aquatic organisms. It is usually present in water as sodium
chloride (NaCl) and other salts. Moderate chloride levels can reduce the toxicity of
harmful substances like nitrite and nitrate.

Phosphorus: Phosphorus in water is primarily found in the form of phosphate (PO+*"),
either dissolved or attached to organic and inorganic particles. As an essential nutrient,
phosphorus supports the growth of aquatic plants and algae, thereby enhancing pond
productivity. Low phosphorus levels result in poor biological activity, while adequate
concentrations promote healthy plankton development and overall pond fertility. In
aquaculture systems, a phosphate level of about 0.05 to 0.07 mg/L is considered ideal
for maintaining balanced and productive ecosystems.

Remedies/correction: Chlorine in water should be minimized, as it is toxic to fish and
other aquatic organisms. Residual chlorine can be removed by dechlorination using
sodium thiosulfate or allowing water to stand in sunlight for a few hours before use.
Continuous monitoring of chlorine levels is important, especially when using treated
municipal water. Phosphorus levels should be managed to prevent excessive algal
growth and water quality deterioration. This can be done by controlling feed input,
avoiding overfeeding, and using feed with balanced nutrient content. Aquatic plants
and sediment management can also help absorb excess phosphorus, maintaining a
healthy aquatic environment.



Biological parameters:

1.

Plankton: Plankton are aquatic organisms that drift with water currents rather than
swim actively. They are classified into phytoplankton (plant plankton) and zooplankton
(animal plankton), both serving as primary food sources for fish. Plankton abundance
is closely linked to fish production, as they form the base of the aquatic food web.
However, excessive plankton growth, particularly from blue-green algae, can lead to
dense surface blooms. These blooms block sunlight, reduce oxygen levels, and create
anoxic conditions in deeper water, often resulting in fish mortality.

Primary Productivity: Primary productivity in an aquaculture pond refers to the rate at
which photosynthetic organisms mainly phytoplankton and aquatic plants produce
organic matter (food) from inorganic substances using sunlight, carbon dioxide, and
nutrients. It forms the foundation of the pond’s food web, supporting zooplankton,
benthic organisms, and ultimately fish. In simple terms, primary productivity measures
how much natural food is generated in the pond ecosystem. High primary productivity
indicates good nutrient availability and favourable environmental conditions, while
very low or excessively high productivity can signal poor water quality or imbalance
(such as algal bloom).

Remedies/correction: Maintaining balanced plankton populations is essential for
healthy primary productivity in aquaculture systems. Imbalances, such as algal blooms
or low plankton density, can be corrected using several remedies. Applying
biofertilizers or organic manures promotes the growth of beneficial phytoplankton,
which serves as natural food for fish and shrimp larvae. In cases of excessive algal
growth, controlled water exchange, shading, or using algicides in safe doses can help
restore balance. Regular monitoring of water quality parameters, such as nutrient levels
and light availability, also supports optimal primary productivity and a stable aquatic
ecosystem.
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Fig 2: Plankton abundance in waterbodies



Assessment Techniques for Water Quality

Effective assessment of water quality is essential for maintaining a healthy aquatic
environment. It involves a combination of sampling, testing, analysis, and documentation to
ensure timely detection of potential problems and support informed management decisions.

1. Regular Sampling: Regular sampling of water is the foundation of water quality
assessment. Water should be collected from multiple points within the pond, tank, or water
body, including different depths and locations. This ensures that the data accurately represents
the overall condition of the environment rather than just a single spot. Sampling frequency can
vary depending on the species being cultured and the stage of growth, but weekly checks are
generally recommended for intensive aquaculture systems.

2. Field Testing Kits: Field testing kits provide a quick and convenient way to measure key
water quality parameters on-site. Parameters such as pH, dissolved oxygen (DO), ammonia,
and nitrite can be tested easily using portable kits. These kits allow for immediate detection of
potential issues, enabling quick interventions such as water exchange, aeration, or the addition
of corrective treatments. Regular use of field kits helps in monitoring trends and maintaining
conditions within optimal ranges.

3. Laboratory Analysis: For a more detailed and accurate assessment, samples can be sent to
specialized laboratories. Laboratory analysis provides precise measurements of chemical and
microbiological parameters, including hardness, alkalinity, total nitrogen, phosphates, and
harmful bacteria. These results offer a deeper understanding of water quality, helping to
identify subtle changes or potential risks that may not be evident through field testing alone.
Laboratory testing is particularly useful for diagnosing disease outbreaks or investigating
unexplained mortality in aquaculture systems.

4. Data Recording and Trend Analysis: Maintaining systematic records of water quality data
is crucial for effective management. All measurements, whether from field kits or laboratory
analysis, should be logged with the date, time, location, and depth of sampling. Over time, this
record allows for trend analysis, helping to identify seasonal changes, recurring problems, or
the effects of management practices. Data recording also supports decision-making, ensuring
that interventions such as water treatment, aeration, or stocking adjustments are based on
objective information rather than guesswork.
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Chapter 4. Impact of Water Quality on Fish Health and Growth

Subam Debroy! & Chittaranjan Raul?

'ICAR-Krishi Vigyan Kendra (CIARI), North & Middle Andaman, Nimbudera, A&N
Islands- 744201, India

2ICAR-Central Island Agricultural Research Institute, Sri Vijayapuram, A&N Islands-
744105, India

Introduction: Water quality is a critical determinant of fish health, growth, and overall
productivity in aquaculture systems. Optimal water conditions ensure proper physiological
function, efficient feed utilization, and resistance to disease, while suboptimal conditions can
lead to stress, impaired growth, and increased mortality.

IMPACT OF WATER QUALITY ON FISH GROWTH
AND HEALTH

pH Alkalinity

High or low alkalinity can stress

fish, affecting growth, immunity,
and overall health.

Extreme pH disrupts ionic balance
and gill function, causes poor
digestion, and reduces growth rate.

DO
Low DO causes stress, gill damage,
weak immunity, reduced feed
intake, slower growth, and
increased mortality.

Hardness
Affects osmoregulation and stress
tolerance; optimal hardness supports
normal physiological growth.
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Ammonia
High ammonia levels are toxic to
fish, causing reduced growth, gill
damage, stress, and increased
mortality.

Nitrite & Nitrate
Interferes with blood oxygen
transport, causes
methemoglobinemia, and reduces
growth and disease resistance.
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Introduction

Integrated fish farming (IFF) is an agro-aquaculture system that combines aquaculture with
crop cultivation and/or livestock rearing to optimize resource utilization, enhance nutrient
recycling, and improve overall farm productivity. It is based on the principle of ecological
intensification, where waste products from one component serve as inputs for another, thereby
reducing external inputs and environmental impact. This system is particularly valuable for
small- and medium-scale farmers aiming for sustainable and economically viable production.

Principle and Mechanism: The underlying principle of IFF is nutrient cycling. Fish excreta
and uneaten feed in ponds are rich in nitrogen, phosphorus, and organic matter, which can be
used to fertilize crops or enhance pond productivity through natural food organisms such as
plankton. Similarly, livestock manure, agricultural by-products, and crop residues can be
utilized as supplemental feed for fish. This synergistic interaction maximizes resource
efficiency and contributes to system sustainability.

Common Integrated Fish Farming Models

1. Fish-Crop Integration: Fish Pond water, enriched with nutrients, is used for irrigating
crops such as rice, vegetables, and fodder species. This nutrient-rich water reduces the
need for chemical fertilizers while supporting both aquaculture and agriculture
productivity.

2. Fish-Livestock Integration: Manure from poultry, pigs, or cattle can be used as a
protein-rich feed for pond fish. In turn, fish pond water improves fodder growth or
irrigates nearby crops, creating a closed nutrient loop.

3. Duck-Fish or Poultry-Fish Systems: Ducks or other waterfowl introduced into fish
ponds contribute droppings that serve as natural fertilizer for fish. Their foraging
activity also helps control aquatic weeds and pests, maintaining water quality and
promoting fish growth.

4. Rice-Fish Systems (Agro-Aqua Integration): In waterlogged paddy fields, fish
species such as carp coexist with rice cultivation. Fish feed on pests, weeds, and
plankton, reducing pesticide use, while their excreta improve soil fertility, enhancing
both rice and fish productivity.

Scientific Benefits

1. Nutrient Recycling Efficiency: Nitrogen and phosphorus from fish excreta and
livestock manure are utilized in crops or as fish feed, minimizing nutrient losses.



Economic Resilience: Multiple revenue streams (fish, crops, livestock products)
reduce economic risk and increase farm profitability.

Environmental Sustainability: Reduced chemical fertilizer and feed usage lowers
environmental pollution and eutrophication risks.

Enhanced Productivity: Integrated systems improve overall biomass yield per unit
area through complementary interactions among components.

Challenges and Considerations

1.

Maintaining optimal nutrient balance to avoid water quality deterioration and
eutrophication.

Monitoring disease transmission between fish and livestock.
Managing stocking density and feed input to maintain system stability.

Technical knowledge is essential for designing and managing integration patterns
effectively.

Conclusion: Integrated fish farming represents a scientifically sound, resource-efficient, and
environmentally sustainable approach to agriculture. By exploiting nutrient cycling and
component synergies, it enhances productivity while reducing dependency on external inputs.
When managed correctly, IFF contributes to rural livelihoods, food security, and ecological
sustainability, making it a key strategy for sustainable agricultural intensification.

INTEGRATED FARMING
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YT Y. ASHTBIY GieT VLI P 7 3 JOI]

SN (M
ICAR-FX RGN (FH (CIARI), N & fNGA S, fANIRET, S @
TR Blo17Y&- 48820Y, ©OIA®

AR NTEIIT TFAOR JF0 o1 GARHN| A R I3 AW Gersy AN
3%, T G2 T AMNHF VO BN AR O] (FA | ALRTONI A6 foN
OIS ©I9 FA1 TMA: (ST, IPTHB, A2 (G[IF | pH, SINIEl I HIMg© AFCGTAR
NI WG GATRICH SN ARIONS TG AN ST 519 ST FACO A | 9K
FCE OIRF AP FIAFN 438 WHAT AFION (M4 FATS I | AT TABey
WMER I T FACO AN, AT HWO FACT TS AT G198 @R JfF Iros
ﬂmm?ﬁw G IRV IO AT G2 P ST FAMA T8 =T 41 WD
Frolie I & T N0 FAT TW| TTHIRAT IM TR NNe 1w 8
T SN, SR TT (BGIF32 B AN IS AOGNE FelHe WG FACO HN
TR

TEAGTIF CXffIersT

Y. (ST BAAN: (A (O1® N« NOIol, OINAE!, (O] 433 WTEAT AT
87 fNOT IR G2 TAMNGST AFRAT B AU NOI 433 AII#9S W ISV
TS BTG SN NN FH|

2. ANTHRSE TATAN: ITANF VNS g 8 AN Tels; AN G Gad
NSOl N BTN GNP NN FH| AL IS SAANSTEAI NS
IR pH, TAGS FRFGH , IV TR-AHRG, AINFOl, FEE, IO,
TN, NTRGIRE, WRCEE, DAY, (FIRRG I8 TP 2oiH|

©. (GIfIF TATAN (TGRS NN IS AP GIIS ATNT OARS 8 FrfFetrsy
(RIATT, (TA: ATEOA, ([T G2 TYGR | AR ATV GANI ARIIHS SIS
8 BRAMHNOR Y 65 | JF6 FrTFI AFE 1A AT FIRCIAEHA S
GO A Bfow, T WRT AL 45| O WOHS (N[ J(a I HoFRP
PG GRSV ORI N8 FACO HF G78 NRF T S (NS0 Ao
(AT AL

TEAGT T IHTT STY:

g ARINNG AT AfS TOTS FIHANA | TIGS NHGH, pH, STl
31 SN VST GATACN AT AFIONES WRT 8 GBI T FACS A, [
IV 3% AT FACS M A @19 8 Y IRV XS AN

Ao Terese A I5F NSSTHISITR SR B

1. ST Y (A2 NG Bl Fodd AoV WRT Hfo 28T
N O E N ESERIRIR]




TeX @ AR IS A4 AT TN WMRF [FAF 8 4y A=NF
RO FI|

(@0 AR (@Y AT AR GARY @G A9 FOBAP I
i eS|

FFRF BLAM FNOl [NTFY FT: ORFATWS AN 2AMHo~ 8 AFhoF
MY TEIAR(P OO (S, I WRS ({6 AP e I IorT|

STNANCST ANENYAS 5] (NS ATAGA IYHAGH, T ARSIl
AATINF AT F41 |

STIIEHY, [AIN® 8 Fgfore Tawy %Y JHft BT s
T AN Fd AR AT 1, e FAT 933 (GIFN2 AT
SN B
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WYY 4 . TSHATGIIT G SHNLS QA QT Nrar
SN (M

ICAR-FX RGN (FH (CIARI), N & fNGA S, fANIRET, S @
TR Blo17Y&- 48820Y, ©OIA®

SfOF TGN IGU AT BIAFS W' T, I A2 B AMRTOF Gy HoT S
BTG | GEANTAI SATNS T YA (O, ATINE 8 (TfIF R ©I9 F1 91T,
432 AFSTD SATHE Tyl AT YT AL HR*0F, TS NI AN 3JF

8 ST A |
g:' AT %im'c 0| 2orere S BT ST
A
s | ererra o) 15-35 20-30 <12, >35
2 | (TR (cm) 30-80 30-80 <12, >80
© | TETES R e | T TG | TR ST 1 A
‘ T RGEIEIN G Gl
8 Eal\?f’ AFG | 5 5 <5,>8
(mgL™)
¢ | BOD (mgL™) 3-6 1-2 >10
W | CO:(mgLY) 0-10 <5,5-8 12
q |pH 7.9.5 6.5-9 <4,>11
b | HEY (mgL ) | 50-200 25-100 <20, >300
> | PO (mg L) | >20 75-150 <20,>300
so | B mg | 4160 25-100 <10, >250
% me)'csq” W(me | o.0,05 0- <0.025 >03
Y3 | WIBGI36 (mg L) | 0.02-2 <0.02 0.2
%0 | WG (mg L) | 0-100 0.1-4.5 >100, <0.01
Y8 | A (mg L) | 0.03-2 0.01-3 >3
CTCPICAT
3¢ | HS (mg L™ 0-0.02 0.002
(mg L™) ST W]
| RIBES
WY | B ATl (C | 1-15 1.6-9.14 <1.6,>20.3
L' D)
%4 | TGN (No. L) | 2000-6000 | 3000-4500 <3000, >7000
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WL b, TAS TG T IHT & YA

SN (M
ICAR-FX RGN (FH (CIARI), N & fNGA S, fANIRET, S @
TR Blo17Y&- 48820Y, ©OIA®

TEAYTNGR AOF T 8 YT JF0 B 8 TAX NG YFI IO
AR TN OIS BTG | 2[FTIF GLeTd BTN A WL I, (§06 AT 913
MINfAF S AMNATOR 89 AR (Fre| [NINO 8 NSNS GeTBTNral
FTFT FAE FIFA ANINO! TONSE NG FACO AN, ATAGNT
STTHIYAEAP ARCHN [NTO ANEN 72 AP ARCIHNS WRA Iz & FCIH Gy
AT ALTS AR

AT HIF ST
TR IV LN STHTSTAT ZCET:

AFAT FIHT TANTN: PRI (U9, IS 8 (TR AIF NMRA
@QWW@N—@W—IW‘WW|

. ATTTEN NG IAT: TASTNATT HrodT SN | (ATH2 HiF® F41, Mo
W@ﬂamﬂam SO Y|

-a@wﬁrﬁﬂmzwm,mmﬁ,mmawwﬁm CICERVAC)|
PN TN ATIGNIT ST FIIAR AT

- AT B omiw RS o aw aF6 ST AR IoU A9, q|
AIFOF UMT B AV & YFII RILTITMR TR AT E TNYLN |

ALTTHT G QB FAS TS
AT FIHY (O, IMANE 8 (GiRF TFel ATTGNT WANS TFGS FI
S, W =0T ©HTS SR ST 20O |

(OIS WS 8 OITHF IIZTAANT:

1. STOIel: AFET ToIFel Gled (Ore 8 IPTANH (AR 897 ¥FgYef
HOR (T A6 SFNAR IBW, GLad ABREN 432 FOMANOF
FRFNE Wa {RT | Wﬂ@awmwwm
RIS T, I GETF SN I 3 '@QWﬂ\ol I I O, I
REISEETRICIESIE ] NAHIT NoAe B 2T GO AT, TN 8
TN TS AN (B A FOO FAS A G
TS AT T SIS 7Y 712 fNEIF Srelderd AFa2 W 431 T |

2. OIMNIEE: QAT SIAGT TS Gerdry, ST 98 YPEF TR0 89T
RO IR ASIOITF 933 THIAT SN AFRT T ANHITOIT IG Ao
(P, MYRETS AP OGNy G793 [dE 1SS |




NTTGAT AFE GANIAPOIE ([ WG BN T, FIAY SN ATNTS
R | SINIET MR NG PN, AGAN A G 8 N6 IS
A TR 8T BTG A (FLE, (TN TGS W HGINI NGl TSI Nrar
IMGTA FON | WMRF SINN@ TRl [FON YA 2T; OO A4
FI OIS W 2SR, T RIT0® Ororraa A (6 Yo S|

ANHA/ATNEN: N AP OIHN@AR BN FANS [NA© Gy
HfFIO FA1 G6® A2 B (S AT (IS AN, (TN SR A9 A Ffaw
SIRMINT WEITN | AF2 ST [MHP AT (AT*) I Glel 1
HHGN AR N5 Fa1 I |

(TSI (Turbidity): G (TSI SRS 56, W6 I ST AN GG
WG FVFT I8 MO G FIACT 6| I W& AFEI SAF
4N q33 THITHIN AR 1 BTN 89K N9 F | IM AFE Ty
AT T (AT N0 AT ([ AT, O] AP O (T =T 1, TSI
ATIY AL (M, FOMABF FAFN FNT M G373 FAFFA AP
ST GIRIABA 8 TeAMNNTONFE o IE Wodd, AFEA
FIIFITO! TG ALCS (IO [NTFY F SIS G |

FANYR/ALTNLN: AHFED (AR FATS OIS Gel (9 FAT (I0O A |
SRIGT, T (CaO) N IEATN 20 FNA/eT =TT ATAS T (ITS AT, WT H,000
qVINOIES Qe G 200 (PG TGN ATl P RO (M8 (o
A1H|

ITEAT: W AFAF B AAANTOIF TNy JH6 BF G| (O A | 46
FOIART 32 ANfAF GIRIBANF A FE | AT AT W&l
TS (AR 897 N$7 FE, T APNST I, WoT FABT A2
ANFONT GIRT INg 8 I A TFe| FFET B AN To!
PTG YN 8 AIBETNT GT AE AR AOF AN Tors
G|

AN NANS & OITHF TIZI9AT:

5.

pH: pH (AT G JIRTGITGH SN (HY) TNCGS AP AN, TN G
FOl I FRY VT FRIATFOF TEAPNT FRA TIRAHRG, T JH0
R M, pH-OF 39T SF G| AOR (F| WRA FTOIIF 0D pH AT
7.4, 8T 7.0 (ATF 8.5 1S HNCF WM I 8 AT Gy S 471 =T
pH 4.0-6.5 A1 9.0-11.0 =CT NCRA SHF B9 31T T, 43¢ pH 4.0 I NE AT 1.0
R BT (A YRR TSR (0T J17 |

SANTLR/ALTNLN: AFIF O pH FNICS [GHATN (CaSO.) T (N, YA
ATTAT- T NCOT (67 21 IR FAT (0O T | B, IW YFIA pH
Y PN AP, O ©f GO PRBFEARN (Ca0) ATAS FAT (IO AN




HAgS WHTTH (DO): T TGS AHGH Z(E (T2 WHFGCN AR
T GG AN G BIZFAC9F | A6 TR (06 AT, I A1 #NAIFS™
FAFNT TN W98 BFFS| R Ovd FHErTd N Od  (0F
RGN A2V FE, R WHGAT WOR A R 8T B (8 =,
YA &A=V BN AW, I JT 20T W A7 FEYFES FYNQ T 8 AT |
AT ST NI G MR G A*f DO W ¢ N/, 1 554 I
432 MNATIST IR FAE TNLT FF| DO B © N/ 47 fRTE ANTet Wy
B9 W] FAO BF F(F 72 OMHA FTOIRF NATIST I FW oo
=7 | {HHEONI FN BT, W] 42 N/ 97 N6, IF M T
4 @CT TN ©1R G IR VAN IGE A NS G| S TAgo
WG W@l RS FROF 897 (97 FE| orowrar g6 sFg oy
YIB! AN B, DT Gl NIV GeAd QAN ([ HFG Q19 FAC©
NI TG B8R & (FRIETT FOIMAOF FrfEwNe ARG W&
IIOTY, RO FR AT (@91 [FARACS, MR G2 RGN NGTNT r-
2T 32 TG MY 26 AHKCGH NI I 7¢I TNG FACS A
QT BT, (TN (TS, GO 1 FP AT, Gl A< M0 NS
ST RSN ARG AFCGAT AR I FAC© 1= FA|

TN/ WSHTOIT 2 AR AHSN A4S A I8 (G AT
IR TS FA1 T, MO AFGIAT of® JOTT I Ty OfeR
fRTFT 1 Go® U FIRGIAMEOGINL I ATNEST AUTS 2(J, IS HAGS
WIHCGH (DO) AT OIS G A | AP Orel IR ]2 A0S
IR F(E GLeTd APEAN 8 HHGN AR J(z FA W, WH 2O {1
PF O Ge NMHTT WS TNV N HOGH (709 [N*6© 1 91 Vg
WFSRS S AL BN G (< GelIY FEJ Hoys 2, O1R Wfol7S
WRE INY O Of6S | JBI6l, I DO BF Y ([ =0T 1Y, ©F A T
T GieT ARG NN AT FRACT SYHERA AR (SR qrar =

- PRV TRWHRG: GAG ARICT FIRANT A4 T X Y& I
TR 2T, T Gl WSS TINT | A6 HANNS AN WS ETR NEITH 6. 2N
2T G2 e ARBPIRAAG A FIRAAG WBPNA AFCS A, TN AFOF 68 A
(T AT F6, G 432 A AOR (AF WA T4 FR
TIRWIHARG G HAGS 2F, T4« I FRINE TG 5197 F, N OO pH
I (M, [REITO (12 T T AP WO FA| pH-IF I2 I TS
GHIA T FOFT TS AF, SR I, AT 72 STNAF F0F A0
(FEICS AT

IANLR/SALTNEN: AFET NORG Ao M [F IO JATY TN
PRI JBC A& | A6 WRT TAFT NGNS 517 FTS T2 FH A<
GHfC STZ GreToy AR Q1T AL | pH BSAT FA0@ U3 FPET AN AP



WIE] OF FACO IAANE (TN (T G (CaCOs) I TGN ARFIRAG
(NaHCOs) I9RIE 1 (0O AT, T WRA I G0 SATS AR [[ive
I

- AFMGFOI: AINGO! NG JF0 BFFY IPMANE Nnes, FEY A6
G0 QIR 715, 3% GR3 (J06 UFE FNOR SN I AR (|
RIfoN 2ofos g AT AfS 7 STzl ov=q F3, o2 AfSH
AGIST TN SANTSF NSS! IOTT AU ANIZE | SHIRITHA, fSafra,
FIOE* 432 FICHT ST S TUA R YT IV AINMGOIF (LTS 0.5 ppt-
I F) GLel It I T & 4ICND AR A1 T, ZW, AFF, G
3L I OIS Gl T | S, N A Gieel NN eIl
R, T 0.5 (ATH 30 ppt 7 W& T J2 YA WA, (TN FAId T,
WINCATS IV I8 (SN I, NI O 8 STYAGAT W ARayersyef
I (SR TR, BT, N1 98 TN WNCATS-AHAN TeT ey AN
T WOTE GATTAN | TYH 8 NIANII WO (U Gy AN ol
SIS WP ([, AT 35 pptl A2 AR 7 I, FANFT 72 TGS
Sz RN SIYaF e 57 F0, I FIMS AR AWforiers |
G2 B[ R BT, (eI BEATHN ]2 AT B ATHIAE G 1920 2 |
NS AIMGO IO A GG GIIT STNABTENAL O OIS
SFS, IO RATF, @INASTAY FNOT 432 TTNAF TFOR 82F A0
(FLET| I8 M BIN FRINGFOF AFIOAN, T AHRETS A0, JBAS A
ST e ARSI FICYT 06, TETS G 89 1Y 518 0 43¢ I
21 A1 Y1 A o

TN/ AFEF TINGO! ATITG Y12 IGICAT T FATCAT T,
(TN GG I OIS G (T FE AN 2ol T G018, T
IIZTH B OGP, O AINSO! Gl SIS AW [0 2, PR
OIS AT IGTT AF A8 NMRF ST B FAICA 17|

WEAY: Y A GEd pH ARIOET ASRY FWoR AR,
AFOF O JF6 AFIII VST FIG FLA A G WIZ (BN AL |
45 NS FIGS MY (TN FIAAG, A2IRCAG, FAGIHZT, FICHD,
(ID, PN G2 WM BT 3G | NSIEMNT BNTSF FIY
TR FT8) T Wors WFF, P A6 T pH SIS AFSTAIS F, T
TG GIRA 32T B S8 FC® M 1 HS FICS | WR G O
S SFIAY ¢o-woo N | T AFOFONI IMGTS ANF, (TN F<&H6
P M AT (ATH §A o10fbe, SFBTRT TIOR3 AR GREE*
8 SEH0 [Foe™w AfFTE WLN| Ao IS (TS AT rsierg™,
TGFEN 98 AAHIRC WHTGHTN FIACT | IATOIN ¢ (G T
HAHG=S SPIRACY AN I OIS AT R NA© A TF 433 IATY




[N G BT IS AACO T B, I AP0 B A2 B AN
NI FIZE G AR |

SANYR/SLTNLN: Y AOAT Gy BTN FRANG, 3fF6 T3,
WW,WWW?T@CW CAT I]RAC _AT (TS AICE, illﬁ;ﬁ pH 4R
AFIR N0 8T Mo I

FUOIFOT : FLIFO! (e GARTNI JHI6 BTG I IRy, I [e=rg
FE WO 32 I Ted O Gy WoTs TG 146 Tt
TAES MYAF 41 TN TNg WO FIR, LGNS FIEATIN (Ca>') 2
TNTNITAN (Mg2*) | G2 ATy ML ST AFOFONI AT 8 Wore [RATA
CF q¢ GLeTd WA AR HIwo T TN09I 877 fOf8 I Gl
W T W NIN: 0-75 mg/L,NRAMF FCI: 75-150 mg/L, FCIF: 150-300
mg/L G938 TSI FLIF: >300 mg/L | NATEIII Gy A FLIFOIF ATHF
X(ET 75-250 mg/L| FIARTIIN 432 NSADTIIN NI =K Af&T=
TV WOI®  WFYYY, (TNN MO 0N, dNOIRN  FRAFN  J3
SATNAQTE | TAIY FCIADT 5[ TF WO FICHHT ATNT T IS
AATS STRIY B, R (AT TSN O3 PIADTACNS AT 27|

SATMLN/ASTNYLN: AHFED G PLOAO] AN Gy F2peA12 N, JATN T
ColTd SNHT II72F FAT I AWM, [G8AIRE (W9 FAE AFIF
eI POl I S |

SOTCHIIHT: SR WSSOI (R GeTs; AR GF6 BFgo Gera
S5, T SR Geldy Gitdd T O Aok (Pl | A6 A4~® R
IR, (IS LRI 6 A7 (SR AT [ROTGUAT WHICH B N = |
G ST %o Aol SAf¥e AMFS—-Wrifve e (NHy), 1
MRS G Wi [, 492 D0 SN (NH,*), I QaANYeTF ol
TN HoHT| 92 B FCF (B AT (WG SN NRCHTGH (Total
Ammonia Nitrogen - TAN) ¢l *9| IRNER (pH) 8 OIANNTET MO« o-HNe
NN ARS8 Iz AT, BCeT Tel R G WS [FNGs+e =0
8T | FTEIHFF NSTIGNIL G Gl -\ © SHCNINAE g 0.02 mg/L-
3 NG 141 ATAGH, AT FHCeTs o, Jia T=Ro 28T, ([N Fxol
I GR YIF WO Ffowd Aok ASEY FA T TNRETS AL
CARVNY, NfFe UMT TIIA1R I WO S NGrod FIACT SN W&l
(IS 7|

STNTHTR/SATNEN: 206G G (hydrated lime) M W G (quicklime) STITCNT
TIHFTN Gt SN W@l fFREI FACAT MW, ©OF G2 AZho QYA FN
FRAYTS YFE FAFT| OIS, FINTANGZIZG (Formaldehyde) 8 fG8e26
(zeolite) IR I ICMANPONT WNNAMCF W7 FAT S|
TSHTZATFAN, AfS Yoo AN Giid ¢o AR STy ATICN o S fFHAfHaw




10.

11.

(ppm) *IE SITCHNT WG FAT | O ABOIACH (NI AP
(TN 561 WIS GiBa | AN, fRufie G AfRTEN S0 TR Ot
ACF RS FOFF ML GG A4 AFSTIIY FT I

NIR[IRT: N2F26 JH0 NLIIS! Y, TN GeTy AITITT MRFOH GlGFA
G350 ST 4o AIS | WCIGFE BRI VRGN
TN AFHTGUN A T NREIRC TS B, T OGN
R(GRAE AT IB0 AR O15#7| TREIROIP ATTR R 7T
o I 2T, IRV A6 MRI (& WHGW ARFI= 1 3 FF| A6
RIMCARNE (WORNTAREN AFCRG I, T I @ 5 MV 99
I B A G TS TG | TR, NRFTRC6F ™ MR Ao T,
TFO, AT 8 (@I VoI BFF| TH FoAB (@ AF| (THIAT GETsy
HNITICT NRETROF WA TNg 2ATT ¥ 28T BoS | FHRETSIR, 0 (AF 5
mg/L NI2GI20 NGl SALS (e 411 2T, ]2 8 mg/L-A9 5 W&l ARCA97
fJrafow =T

TWLA/ACNEN: 5SS TIHN, IS dR GRISSE e
PSR F GCe N2HIR6F NGl FIAFICNI SN T | AT JFY VF
JRIZA AP F1 TR ASRE R TGe N FA1, APFONI AW
SRR 41, F(FA (O] Feord AT, 1% ATHasa IGNT AT e
TGN NSO YW AW I 4T Sow (AN A @ o NET =g
AT (FRIZCTE @79 AT 8 [FINe T ARTEN WS, T
WRGRE Y I FW G WRE O (GRS (oS
ACIFIHARGIR IR I VRAGRFFN AT GO F41 Y, FC
2GR0 FN FoHT N2Ho TSRS TT1G2 TS NFHS JJq AT
FIE GETST AN TG JHT0 (N9, SIS 8 FrEiFa [ o
BIRIRCE]

ﬂﬁ(‘fzﬁ (Nitrate): NI2CG06 0T Gretoy A FCICH NIRGIOGCAL AICEC f‘?{%‘%ﬂﬂ
T 6 YeTo NI3FR0 WHGHN 472 WIHT 477 8 MR T80 (AT
T8 AF 2T 1M S A6 TN~ T NIRFIRG (61T W RS, Wof7e 2R0
WA @ 3™ FA© AME G GG AN TN 51 AY |
TRHE FIROIAEHON 8 Gelsy Ofend I8 Aolke F| ©O[F Ao
NIRE0 2OCHIRPCP*N TOMR, T Gid WHOGIAT oo 8 AT[FI*9Me
SIS T FCI ISR, [N NS 2 H T N3G WA €0 me/L-
93 NG 141 oW |

ST/ [NNNOeE FN NRHEIS G M AFEI NN ARIEN
A1, AAN-JHOE (@G FIZT I G2 GG OB AT Aoy
NREE MY I A ARGT GNRARHIRe ACNFEOR IIZL FICE
NI2CZOP VRQIOOH N TSRO FA1 8K, TN 6N N12GLeF BT
PATCS ATRYT <A




12.

13.

(FIARG: (FRAIZC (AT 0 BTG GeABY S5, TN NG 8 I TS
GIRT SNHF ORI IO ALATS A=W FE| A6 LTS O
CNGIN (FIEI2G (NaCl) AL SIS AN HPIE GAFO AMF | N_QME
W@ (FIAIRG N2NGIR0 & N2(GL6d Vol Ffowd M [IEIs Fae
NI

THHAT: G TP ALNO THPO WHIF (PO BAR® A,
HIOS (O A I (GR 8 WGR FNF SMY TF AHFCO A A6 T
AR T 0 TS BTG AT SARN| FFAT Gl GG,
[ 92 ATROE I TTH, P APEE OAMHNol I
AT IFTFACIE FN WA VIFE AFEA (GRS @V 7 =W W,
MO AN PN R GG AT AOR NG| WIS 115
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IMPACT OF WATER QUALITY ON FISH GROWTH
AND HEALTH

pH
Extreme pH disrupts ionic balance
and gill function, causes poor
digestion, and reduces growth rate.

DO
Low DO causes stress, gill damage,
weak immunity, reduced feed
intake, slower growth, and
increased mortality.

Hardness
Affects osmoregulation and stress
tolerance; optimal hardness supports
normal physiological growth.

sk 3k sk ok s sk s sk sk s sk s sk sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk sk sk s sk sk skosk sk sk sk sk sk sk s sk sk sk sk sk skeosk ko skok

w

Alkalinity
High or low alkalinity can stress
fish, affecting growth, immunity,
and overall health.

Ammonia
High ammonia levels are toxic to
fish, causing reduced growth, gill
damage, stress, and increased
mortality.

Nitrite & Nitrate
Interferes with blood oxygen
transport, causes
methemoglobinemia, and reduces
growth and disease resistance.



ST Yo : ANFS NEHATOIF

SN (M
ICAR-FX RGN (FH (CIARI), N & fNGA S, fANIRET, S @
TR Blo17Y&- 48820Y, ©OIA®

GNP SRS NG 2T J JHT0 PIR-GEAG[ 51 V@S (YN NRS GIAF
T B AU /YT AGHNEATNS 57 TNEACT ARG~ 1 27| A YA 7569
(AT STNHF SIS 2R, ST TAMIAT SRR I I72 AINIEA SINfAF
T AT NGl OO B [NFO SAARTINNG S TOBACNd Nfox 8 fofg T
PG F(E, (TUMN JH0 BATNT I8 TN SAMING fF RO 35929 =71 @7
P JRITF N6 ATITOH PN 38 AR 89T (NfOI6F A0 J1H ATV 142
Ao RUITONR (FE 8 WRANF TIIRHE T7 SATIAN, M1 (HF32 A3 ATOGNE
T~ fAFbe St BN A0 ®Y TEAMN AT «, I93 ATNH TS
FIZANCHS NS FH|

NS 8 FILANAT : STNES NEHATHII o1 NS =0T YT A=NHIZF | FFI WA
TG IR WIS ARIF VRGO, TP 32 (G Wi STz AF, T
TR S RO TR B T A ATROING WO ATFOP UMK 88 A MOTT
NPLIA BN FXO I FACS A [STIOIF, ASNAS (NI, FIN-IGT 43¢
FICAT WIMTRILH WMRI Woae AR RO II2E FAT (TS AR 42 NS
FEAMA SRR TEEF IITF TS FE 32 NS B IIFR (GCFAe
roT|

ATHAT ANFS NSTCIIF NGAAYZ

S, WIR-HAT ANFH : YPES AT, [ "j@(\') ST, Ol 414, SNG4 BIFETCI9T
FAEI CTEI G (I FA1 2| 42 AT Az AN Ism{E 7 IS
ATAG FAMY AL JPR S R & T B AMH Nl Iy FS|

2. MR- TN : YA, *[F I 96K (NI AP WCR G (Ao ST G-
fRUTR 927 1 T | RFANATS, AFII AN SRATINT T3 I FIYFMR FHAEAR
I BF© FACS JII2F F1 T, T A0 I8 AT 5 (o =T

. TI-NTY AT (ATEAfG-NTg AN : FE 2T I AN AN Qo1 (A S
(TR NRA G ATFFOF F RO FIG S| ARG, RATTI AT Sg1m= Al
GG ANEHANG 8 FIoNOSF AT A=W Fd, T AR IGNT Y A8 MR
@ (ATIR® HFH|

8. YIV-NMg ANFW: GeTu YN 1 Gy Ny B S0 4+ 51T TN
A | WY (AP, *NFAG G2 ATREN AT, TF T DoANF IIFCE
ATIGH BN | MR IGY VT SITOT Irory, I 4 & R TorTd T NN ol

i S|




(TSI JfAEeyR:

AT NI WFOL: AR IGT R AGNEA (T (N> [
VRGO 8 FHHA T3 I WIRR RIS IR F T, T A S 56
BN G TR 6 IR A6 27|

WATRfoF FHFSMNTOT: g, T I AYNEA NN JFEF Y B
BT WATASF Y JTT AT A7 TS ATOGAF Ol I AT

AFATIITS (BFAROI: IANF AF (I3 Mo RS YRNIT III PN
T AT MY BN 472 TERIIHCE 47 JF Ty 2|

T AMNHTOl JMg: STNF® B1¥ T RGN TAMALT AT AR
(P TN IR FN SN AT B A I A, T AN
STNAF T & FIAFITO GRS FA|

Bt & 8 fataey fagm:

1.

2.

3.

4,

AT W AN ST I IGRIRFCIHN JTITS AfE SATATN STTN Nl
G AT

R & AN WYY (5T TP N NL T |
oI (oMol IGIT YT S6iFpL TN & ARIEI AT NTF F41]
STNTT 2O GG 8 AFTHETNE G ATIGNT YT @I |

[CRa KA

NS NETBN JI0 ([IGRNMNFONI JFRNIT, STMTF q32 A0S
GFI2 IR Mol Aff TFIIRT A3 GAMRTIRA TNFT I2F IR A6
T AT NOT IO A9¢ JMZF IN6T 8 fNOT@l I | ASFen Ao
(e IFF TN G, 43 [RAIST 32 AR50 (GF2ery STy S
AL, TN (GFA2 PN GANNI JHI0 YT (BT RO 917 =7

sk sk s ok sk ke s sk sk s sk s sk sk sk sk sk s sk sk sk sk s sk sk sk sk sk sk sk sk sk sk sk sk sk s sk s sk sk sk sk s sk sk sk sk sk s sk sk sk sk sk skeosk sk skok



Chapter 11. Glimpses of water Quality Analysis
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North-And Middle Andaman, Andaman And
Nicobar Islands, India




Chapter 12. Water Quality Assessment Sheet

Date: Location / Pond No.:

Sampling Time: Weather Condition:

1. Chemical Parameters

Parameter Ideal Range | Observed Value Remarks
Temperature 26-32°C
Transparency 30—40 cm
Turbidity <25 NTU
2. Physical Parameters
Parameter Ideal Range | Observed Value Remarks
pH 7.0-8.5
Dissolved Oxygen (DO) >5 mg/L
Total Alkalinity 80—200 mg/L
Ammonia <0.05 mg/L
Nitrite <0.02 mg/L
Nitrate <1 mg/L
Carbon dioxide <10 mg/L

Remarks/Recommendation:
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