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Welcome to PWS-006

Understanding Water Temperature — Why Temperature Changes Everything in Water

Water temperature can appear to be one of the simplest measurements in water management. A
thermometer provides a number, and the number seems easy to understand. Yet temperature influences
almost every physical, chemical, and biological process occurring in water.

It affects how much oxygen water can hold, how quickly organisms use oxygen, how gases transfer, how
chemical reactions proceed, how lakes form layers, and where aquatic life can comfortably survive.
Temperature can also change the meaning of other measurements, including dissolved oxygen, pH,
conductivity, ammonia, and oxidation-reduction potential (ORP).

THE CENTRAL LESSON

Temperature is not simply another water-quality measurement. It helps control the entire
water system.

In this publication, we will explore:

e Why temperature matters

e How warm and cold water behave differently

e Temperature and dissolved oxygen

¢ Biological activity and oxygen demand

e Stratification, the thermocline, and turnover

e Daily and seasonal temperature changes

e Aquaculture, agriculture, wastewater, lakes, and industrial applications
e Responsible temperature monitoring

e Common myths and practical management considerations

PUROXI PRINCIPLE
Understanding Always Comes Before Recommendation.
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1. What Is Water Temperature?

A simple number with system-wide influence

Water temperature describes the thermal condition of water at the place and time it is measured. It is
commonly reported in degrees Celsius (°C) or Fahrenheit (°F).

A reading represents only the water immediately surrounding the sensor. It may not represent a whole
pond, lake, tank, pipe, lagoon, reservoir, or treatment process. Sunlight, depth, flow, shade, groundwater,
wind, rainfall, discharge, and operating equipment can all create temperature differences.

Water gains or loses heat through:

Solar radiation

Contact with air and surrounding soil or structures
Inflowing surface water or groundwater
Evaporation and wind

Industrial or municipal discharges

Mixing, circulation, pumping, and seasonal weather

Because water changes temperature more slowly than air, it can store and redistribute heat. This thermal
stability is valuable, but it can also allow temperature layers to remain separated for long periods.

MEASUREMENT REMINDER
A surface reading is a location-specific shapshot—not the temperature of an entire water
body.
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2. Warm Water and Cold Water

Why density changes create movement and layers

Water density changes with temperature. Freshwater is densest at approximately 4°C. Water warmer or
colder than this becomes less dense, which helps explain lake circulation, winter ice formation, and
seasonal turnover.

In summer, warm surface water often floats above cooler, denser deep water. If wind and circulation
cannot overcome the density difference, the layers remain separated. In winter, ice can form at the
surface while denser water near 4°C remains below, allowing aquatic life to persist beneath the ice.

Condition Typical position Practical meaning

Warm surface water Upper layer Receives sunlight and exchanges
gases with the atmosphere

Thermocline Transition zone Temperature changes rapidly with
depth and can restrict mixing

Cool deep water Lower layer May become isolated and lose
oxygen when demand continues

IMPORTANT

Cold water is not automatically oxygen-rich. Deep cold water can still become oxygen-
depleted when it is isolated from the surface and organic matter continues to decompose.
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3. Temperature and Dissolved Oxygen

Warming water creates a double pressure

Cold water can hold more dissolved oxygen than warm water under the same pressure and salinity
conditions. As water warms, its oxygen-saturation concentration decreases.

At the same time, warmer conditions often increase respiration, decomposition, and other biological
activity. The water may therefore have less capacity to hold oxygen while organisms and reactions are
consuming oxygen more quickly.

Approximate freshwater temperature Oxygen concentration at 100% saturation near sea
level

0°C 14.6 mg/L

10°C 11.3 mg/L

20°C 9.1 mg/L

25°C 8.2 mg/L

30°C 7.5 mg/L

lllustrative values; actual saturation also depends on barometric pressure, altitude, and salinity.

THE DOUBLE PRESSURE
Warmer water generally holds less oxygen while biological oxygen demand may increase.
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4. Temperature and Biological Activity

Every organism has a preferred range

Fish, shellfish, plants, algae, cyanobacteria, zooplankton, insects, and microorganisms respond to
temperature. Each species and life stage has a range in which it functions best, a wider range it may
tolerate, and limits beyond which stress or mortality can occur.

Because many aquatic organisms are ectothermic, their metabolism is strongly influenced by the
surrounding water. Within an organism’s viable range, warming may increase respiration, feeding, growth,
and waste production. Beyond the preferred range, stress increases and performance can decline.

Temperature may influence:

Metabolism and respiration

Feeding, growth, reproduction, and development
Oxygen demand and tolerance to low dissolved oxygen
Ammonia toxicity and other chemical stressors
Pathogen growth and disease pressure

Algae and cyanobacteria competition

Microbial decomposition and nutrient cycling

There is no single ideal temperature for all aquatic life. Management targets must be selected for the
species, life stage, season, and application.

PUROXI INSIGHT
Temperature tells us what the water can support—and how quickly conditions may
change.

© 2026 Puroxi Pure Water Global Inc. | www.puroxi.com | Page 7



THE PUROXI WATER SERIES | UNDERSTANDING WATER TEMPERATURE | MP-PWS-006

5. Stratification and the Thermocline

One water body can contain several different environments

Thermal stratification occurs when density differences prevent upper and lower water from mixing freely.
In a stratified lake or reservoir, three zones may develop:

e Epilimnion — the warmer, mixed upper layer
e Metalimnion or thermocline — the transition zone where temperature changes rapidly with depth
e Hypolimnion — the cooler, deeper layer below the thermocline

The surface layer receives atmospheric oxygen and may gain oxygen through photosynthesis. The deep
layer may be cut off from these sources. If organic material settles and decomposes below the
thermocline, dissolved oxygen can decline even while surface readings appear healthy.

The thermocline is not a permanent fixed line. Its depth and strength can change with sunlight, wind,
weather, inflow, outflow, basin shape, season, and mechanical mixing.

CRITICAL LESSON
A good surface dissolved-oxygen reading cannot rule out low oxygen in deeper water.
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6. Seasonal Turnover

When layers weaken and water mixes

In many temperate lakes, surface cooling in autumn increases the density of upper water. Wind can then
mix the water column more deeply. When temperature and density differences become small enough, the
lake may undergo fall turnover.

A similar mixing period may occur in spring after ice melts and the water column approaches a more
uniform temperature. Not every water body follows the same pattern. Shallow ponds may mix frequently,
while deep lakes can remain stratified for long periods. Climate, salinity, wind exposure, inflow, and basin
shape all matter.

Turnover may redistribute:

e Dissolved oxygen

e Nutrients

e Reduced compounds from deeper water
e Algae and suspended solids

e Temperature

e Odour-producing compounds

Turnover is a natural process, but sudden mixing of oxygen-poor deep water into the upper water column
can create stress. Monitoring by depth before and during seasonal transitions helps identify risk.

NO UNIVERSAL CALENDAR
Turnover is driven by actual water conditions—not simply by a date on the calendar.
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7. Daily and Weather-Driven Change

Time of measurement matters

Water temperature can change over a day, especially near the surface and in shallow systems. Bright
sunlight warms surface water; nighttime cooling, wind, cloud cover, rainfall, and inflows can alter
temperature and mixing.

Dissolved oxygen may follow a daily biological cycle as well. Photosynthesis can raise oxygen during
daylight, while respiration continues through the night. Warm water and high respiration can make the
period before sunrise particularly important in productive ponds and lagoons.

When comparing data, record:

Date and exact time

Weather and recent rainfall

Air and water temperature

Measurement depth and location

Dissolved oxygen in mg/L and percent saturation

pH, ORP, conductivity, and relevant process conditions
Treatment equipment status and operating schedule

MONITORING PRINCIPLE
Readings collected at different times or depths may describe different water—not a
contradiction in the instruments.
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8. Temperature Across Water Applications

The same number can have different meanings

Aquaculture

Temperature affects metabolism, feeding, growth, oxygen demand, ammonia toxicity, disease pressure,
and species comfort. Continuous monitoring and alarms may be appropriate in intensive systems.
Wastewater treatment

Biological reaction rates and oxygen demand change with temperature. Cold conditions may slow
biological treatment, while warm conditions can increase respiration and reduce oxygen solubility.
Lakes and reservoirs

Profiles reveal stratification, thermocline depth, deep-water oxygen risk, and seasonal turnover. Surface-
only readings are insufficient in deeper systems.

Agriculture and irrigation

Temperature can influence root-zone oxygen, greenhouse systems, livestock intake, chemical dosing,
algae growth, and the performance of storage reservoirs.

Drinking-water sources

Temperature can affect taste, odour, biological activity, treatment reactions, disinfectant behaviour,
stratification, and source-water selection.

Industrial water

Cooling efficiency, corrosion, scaling tendencies, biological growth, chemical reactions, viscosity, and gas
transfer may all respond to temperature.

CONTEXT FIRST
A temperature target must reflect the organisms, process, equipment, and outcome that
the water is expected to support.
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9. Temperature and Treatment Performance

Why operating conditions cannot be separated from design

Treatment performance can change as water temperature changes. Gas solubility, biological reaction
rates, chemical reaction rates, viscosity, density, and mass transfer all respond to temperature.

Examples include:

Oxygen and ozone are generally less soluble in warmer water

Warm conditions may increase oxygen consumption by biological activity

Cold water may slow some biological treatment processes

Chemical doses and contact times may require seasonal adjustment

Stratification can prevent treatment from reaching deeper zones

Pump, piping, and mixing performance must be evaluated for actual site conditions

Puroxi Nano Bubble systems should be selected according to the treatment objective, required flow,
pressure, water volume, temperature, oxygen demand, gas source, and hydraulic layout. Flow capacity
should always be translated into daily turnover. For example, a 6 m3/h system operating continuously
moves a theoretical 144 m3/day; actual treatment effectiveness still depends on mixing, placement, water
conditions, and process demand.

DESIGN LESSON
Equipment should be selected for the warmest, most demanding credible condition—not
only for a comfortable average day.
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10. Temperature, Gas Transfer, and Oxidation

Oxygen, ozone, and hydrogen peroxide serve different roles

Water temperature affects the solubility and transfer of gases such as oxygen, ozone, carbon dioxide, and
nitrogen. Warmer water generally retains less dissolved gas, so efficient mixing, contact, and circulation
become increasingly important.

In a Puroxi Nano Bubble Nozzle system, gases such as oxygen, ozone, carbon dioxide, or nitrogen are
introduced through the nozzle gas ports. Hydrogen peroxide is a liquid and is normally dosed upstream
with suitable metering equipment—it must not be introduced through the gas ports.

A proposed treatment benefit is that the nozzle’s intense mixing may help distribute hydrogen peroxide
through the water while persistent oxygen nanobubbles provide sustained oxygen availability. Results
depend on temperature, pH, demand, dose, contact time, water chemistry, and the treatment objective.
Site testing and appropriate safety controls are essential.

Where technically appropriate, hydrogen peroxide may be more economical, easier to store and handle,
and simpler to integrate than ozone. This does not make the two oxidants interchangeable; each
application requires its own assessment.

SYSTEM RULE
Temperature must be considered when selecting the gas source, oxidant, dose, contact
time, circulation, and monitoring plan.
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11. Measuring Temperature Responsibly

Build a profile—not just a number

Before measurement

e Use a calibrated, application-appropriate sensor

e Confirm units and instrument accuracy

e Allow the probe to equilibrate

e Avoid warming the sensor by holding it incorrectly

During measurement

e Measure at defined locations and depths

e Use a depth-marked cable or profiling instrument

e Avoid direct solar heating of a shallow sample container

e Record continuously or at consistent times when trends matter

e Pair temperature with dissolved oxygen and other relevant parameters

For deeper water bodies

e Measure at the surface and regular depth intervals

e Use closer spacing where temperature changes rapidly

e |dentify thermocline depth

e Repeat profiles seasonally and after major weather events

BEST PRACTICE
A temperature profile paired with dissolved oxygen is often more useful than either
surface reading alone.
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12. Common Myths About Water Temperature

Separate simple statements from complete understanding

Myth: Cold water always has high dissolved oxygen.
Reality: Cold deep water can become oxygen-depleted when isolated from the surface.

Myth: One surface reading represents the entire pond or lake.
Reality: Temperature can vary substantially with depth, location, time, shade, and flow.

Myth: Warmer water is always better for biological treatment.
Reality: Warming may speed some reactions but also reduces oxygen solubility and can increase oxygen
demand.

Myth: A thermocline is a fixed depth.
Reality: It moves with weather, season, inflow, wind, and mixing.

Myth: Temperature only matters to fish.
Reality: It influences chemistry, microbes, algae, gas transfer, treatment performance, corrosion, and
scaling.

Myth: Adding more equipment automatically solves warm-water oxygen problems.
Reality: Treatment must address oxygen demand, circulation, placement, turnover, and the underlying
source of the problem.
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13. A Practical Temperature Investigation

Ask the right questions before recommending treatment

1. Define the purpose: What must the water support or accomplish?
2. Map the system: Record dimensions, depth, volume, inflows, outflows, shade, and obstructions.
3. Build a temperature profile: Measure by depth and location at consistent times.

4. Pair the data: Record dissolved oxygen, pH, ORP, conductivity, salinity, and application-specific
parameters.

5. Identify patterns: Compare day and night, seasons, weather, loading, and equipment operation.
6. Define the risk period: Design around the warmest or otherwise most demanding credible condition.
7. Test and verify: Confirm that any treatment improves the outcome that actually matters.

UNDERSTANDING FIRST
Do not treat temperature as background information. Use it to interpret the whole water

system.
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14. Key Lessons

Why temperature changes everything in water

e Temperature influences physical, chemical, and biological processes

e Warm water generally holds less dissolved oxygen than cold water

¢ Biological oxygen demand may increase as water warms

e Every species and process has its own useful temperature range

e Density differences can create stratification and isolate deep water

e The thermocline can restrict mixing and move over time

e Seasonal turnover can redistribute oxygen, nutrients, and reduced compounds
e Surface readings cannot describe an entire deep water body

e Temperature affects gas transfer and treatment performance

e Profiles and trends are more useful than isolated readings

e Treatment design should account for the most demanding credible conditions

Water temperature is one of the first measurements to collect and one of the last measurements to ignore.
It gives meaning to many of the other numbers we use to understand water.

FINAL THOUGHT

Temperature is not merely happening around the water. It is helping shape what happens
within it.

Understanding Always Comes Before Recommendation.
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Continue the Conversation
Water is one of our planet’s most valuable resources, and understanding it is the first step toward
managing it responsibly.

We hope this publication has provided practical insight into water temperature and has encouraged you to
look beyond individual measurements to better understand the water around you.

If you have questions about this publication, would like to discuss a specific application, or have
suggestions for future topics in the Puroxi Water Series, we would be pleased to hear from you.

Contact Puroxi

Puroxi Pure Water Global Inc.
British Columbia, Canada
WWW. pUroxi.com
info@puroxi.com

TOGETHER
Let’s continue learning about water—one publication at a time.
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About Puroxi

Puroxi Pure Water Global Inc. is a Canadian water technology company dedicated to improving water
quality through education, innovation, and practical treatment solutions.

Our mission extends beyond providing products. We believe that understanding water is the foundation of
effective water management. Through the Puroxi Water Series, Puroxi Knowledge Centre, Puroxi
Academy, and Puroxi Engineering Library, we aim to make water science accessible to municipalities,
industry, agriculture, aguaculture, consultants, educators, and students around the world.

Our areas of focus include:

Nanobubble Technology

Oxygen Generation

Ultrasonic Algae Control

Water Quality Monitoring

Environmental Water Management
Drinking Water and Wastewater Treatment
Industrial Water Systems

Agriculture and Aquaculture

At Puroxi, we believe that informed decisions lead to better water management, healthier ecosystems, and
more sustainable communities.

OUR PHILOSOPHY
Understanding Always Comes Before Recommendation.
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