
 



CHAPTER 1 

Alkalinity Is Water’s Acid Neutralizing Capacity 
Alkalinity describes the capacity of water to neutralize added acid. It is not one chemical and it is not 

the same measurement as pH. It reflects the combined contribution of acid-neutralizing substances in 

the water. 

The central idea 

pH tells us how acidic or basic the water is at the moment of measurement. Alkalinity helps tell us how 

strongly that water can resist a decrease in pH when acid enters or is produced within the system. 

 Water with low alkalinity may experience rapid pH change from a relatively small acid input. 

 Water with greater alkalinity can neutralize more acid before pH falls substantially. 

 High alkalinity does not automatically mean the pH is high, and a high pH does not automatically 

prove high alkalinity. 

PUROXI INSIGHT  pH is the present condition. Alkalinity is part of the water’s capacity to resist 

change. 
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CHAPTER 2 

What Creates Alkalinity in Water 
In most natural waters, bicarbonate is the largest contributor to total alkalinity. Carbonate becomes 

more important as pH rises, and hydroxide can contribute at higher pH. Other weak-acid systems may 

contribute in certain natural, wastewater, aquaculture and industrial waters. 

 Bicarbonate, HCO₃ ⁻  

 Carbonate, CO₃ ²⁻  

 Hydroxide, OH⁻  

 In some waters: borate, phosphate, silicate, ammonia, organic bases and other species 

The exact contribution depends on pH, temperature, dissolved carbon dioxide and the water’s 

chemical composition. Alkalinity is therefore a measured property of the entire sample, not simply the 

bicarbonate concentration. 

KEY TAKEAWAY  Bicarbonate commonly dominates, but total alkalinity represents all acid-

neutralizing capacity measured by the method. 
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CHAPTER 3 

The Carbon Dioxide Bicarbonate Carbonate System 
Carbon dioxide from the atmosphere, respiration, combustion, biological treatment and decomposition 

can dissolve in water. It participates in a reversible system involving carbonic acid, bicarbonate and 

carbonate. 

When carbon dioxide increases, pH can decline even while total alkalinity remains approximately 

unchanged. When photosynthesis removes carbon dioxide, pH can rise. This is why ponds and 

treatment systems may show daily pH movement without an equivalent daily change in alkalinity. 

 Carbon dioxide affects pH through the carbonate system. 

 Alkalinity describes acid-neutralizing capacity within that system. 

 Aeration can change dissolved carbon dioxide and pH without necessarily adding alkalinity. 

PUROXI INSIGHT  A pH change does not always mean alkalinity changed. Carbon dioxide may 

have shifted the balance. 
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CHAPTER 4 

How Alkalinity Is Measured 
Total alkalinity is commonly determined by titration. A measured acid is added gradually to a known 

volume of sample while pH is monitored. The amount of acid required to reach the selected endpoint 

is used to calculate the sample’s acid-neutralizing capacity. 

Common reporting units 

 Milligrams per litre as calcium carbonate, mg/L as CaCO₃  

 Milliequivalents per litre, meq/L 

 1 meq/L equals 50 mg/L as CaCO₃  

“As CaCO₃ ” is an equivalent reporting convention that makes different contributors comparable. It 

does not mean the water necessarily contains that measured mass of calcium carbonate. 

MEASUREMENT RULE  Always record the method, endpoint and reporting unit. A number 

without them can be misunderstood. 
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CHAPTER 5 

Total Alkalinity and Endpoint Choice 
A fixed endpoint near pH 4.5 is often used for routine total alkalinity testing, but the most appropriate 

endpoint can vary with sample composition and method. More rigorous laboratory or field methods 

may identify the titration inflection point rather than relying only on one fixed pH. 

Phenolphthalein alkalinity, associated with a higher endpoint near pH 8.3, can help estimate 

carbonate and hydroxide contributions in suitable waters. It is not a replacement for total alkalinity. 

 Use a validated method appropriate for the sample. 

 Calibrate the pH meter and use suitable titrant strength. 

 Mix continuously without excessive gas exchange. 

 Analyze promptly where carbon dioxide exchange or biological activity could alter the sample. 

KEY TAKEAWAY  Alkalinity is method-dependent. Consistent technique is essential when 

comparing results over time. 
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CHAPTER 6 

Alkalinity Is Not Hardness 
Alkalinity and hardness are often reported in mg/L as CaCO₃ , but they describe different properties. 

Alkalinity measures acid-neutralizing capacity. Hardness mainly describes dissolved multivalent 

metals, particularly calcium and magnesium. 

Limestone water may have both high hardness and high alkalinity because calcium and bicarbonate 

enter together. But the two measurements can separate: sodium bicarbonate can provide alkalinity 

without calcium hardness, while calcium chloride can provide hardness without bicarbonate alkalinity. 

 Same reporting basis does not mean same measurement. 

 Hardness relates strongly to scaling, soap use and mineral chemistry. 

 Alkalinity relates strongly to buffering and acid demand. 

COMMON MYTH  Alkalinity is not simply another name for hardness. 
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CHAPTER 7 

Why Low Alkalinity Matters 
Low-alkalinity water has limited capacity to neutralize acid. Its pH may respond quickly to acid rain, 

nitrification, carbon dioxide accumulation, acidic feed or organic decomposition. Rapid pH movement 

can affect organisms, biological treatment and chemical processes. 

 Greater vulnerability to sudden pH decline 

 Less protection during nitrification or acid-producing treatment 

 Larger daily pH swings in productive ponds 

 Potential instability when acids or acidic chemicals are dosed 

Low alkalinity is not automatically poor water. Some natural ecosystems are adapted to it. The 

concern is whether the water has enough buffering for the intended organisms, process and expected 

acid load. 

PUROXI INSIGHT  The correct alkalinity target belongs to the application—not to a universal 

chart. 
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CHAPTER 8 

When High Alkalinity Becomes Important 
High alkalinity usually gives water greater resistance to falling pH, but it can also increase the amount 

of acid required for pH adjustment. In some systems it contributes to carbonate scaling potential when 

calcium, pH, temperature and concentration conditions align. 

 Acid dosing demand may be higher. 

 pH adjustment can be slower or require more reagent. 

 Scale risk must be evaluated with hardness, saturation indices, temperature and concentration. 

 High alkalinity does not by itself prove scale will form. 

A stable pH is often desirable, but excessive buffering can work against a process that requires 

deliberate pH change. Treatment decisions should consider the full water chemistry and operational 

objective. 

KEY TAKEAWAY  More buffering is not always better. It must suit the process. 
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CHAPTER 9 

Aquaculture and Aquatic Life 
Alkalinity supports pH stability in fish, shrimp and shellfish systems and supplies inorganic carbon 

used by photosynthetic organisms. In recirculating aquaculture and biofilters, nitrification consumes 

alkalinity as ammonia is oxidized. 

The suitable range depends on the species, salinity, production intensity, feed rate, biofiltration and 

management objective. Daily pH cycles can be especially pronounced in ponds with strong 

photosynthesis and respiration. 

 Measure pH at consistent times and also compare morning and afternoon conditions. 

 Track alkalinity with ammonia, nitrite, dissolved oxygen, temperature and carbon dioxide. 

 Correct low alkalinity gradually using materials suited to the water and animals. 

 Do not raise alkalinity or pH without checking species tolerance and ionic balance. 

PUROXI INSIGHT  In aquaculture, alkalinity is both a stability reserve and a resource 

consumed by biological processes. 
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CHAPTER 10 

Wastewater and Biological Treatment 
Biological nitrification consumes alkalinity and produces acidity. If available alkalinity becomes 

insufficient, pH can decline and nitrification performance may weaken. Denitrification can recover part 

of the alkalinity consumed during nitrification, but the net balance depends on the process. 

Operators should interpret alkalinity alongside influent load, ammonia removal, nitrate production, 

chemical addition, recycle streams, dissolved oxygen and pH trends. 

 Influent alkalinity helps establish the available reserve. 

 Intermediate sampling can show where alkalinity is being consumed or recovered. 

 Effluent residual alkalinity can provide an operational warning before pH collapse. 

 Stoichiometric calculations are useful starting points but should be confirmed with actual plant data. 

KEY TAKEAWAY  Alkalinity is an operating resource in biological nitrogen removal, not merely 

a laboratory number. 
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CHAPTER 11 

Lakes Ponds and Reservoirs 
Watershed geology strongly influences natural alkalinity. Limestone and carbonate-rich soils often 

increase it, while watersheds dominated by resistant rocks may produce low-alkalinity waters. Runoff, 

groundwater, acid deposition and land use can modify the pattern. 

In productive waters, photosynthesis removes carbon dioxide during daylight and respiration returns it 

at night. pH may rise in the afternoon and fall before sunrise, while alkalinity remains much more 

stable. 

 Sample by location and depth where the water body is not uniform. 

 Track seasonal inflow, drought, turnover and major runoff events. 

 Use alkalinity with pH, conductivity, hardness, dissolved oxygen and nutrients. 

PUROXI INSIGHT  Alkalinity helps explain a water body’s sensitivity to acid inputs, but it does 

not describe ecosystem health by itself. 
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CHAPTER 12 

Agriculture and Irrigation 
In irrigation water, bicarbonate and carbonate can influence soil chemistry, nutrient availability, emitter 

deposits and acid demand. High alkalinity water may gradually raise substrate or soil pH, particularly 

in containers, greenhouses and low-buffer media. 

Alkalinity should not be confused with salinity. Conductivity indicates the total ionic condition, while 

alkalinity identifies acid-neutralizing capacity. Sodium hazard, boron, chloride and other specific 

concerns require additional testing. 

 Consider water alkalinity together with soil or substrate buffering. 

 Account for crop sensitivity, fertilizer acidity and irrigation volume. 

 Evaluate calcium and magnesium when precipitation or scaling is possible. 

 Use careful calculations and monitoring before acidifying irrigation water. 

KEY TAKEAWAY  In irrigation, alkalinity often predicts the water’s long-term effect on pH 

better than the source-water pH alone. 
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CHAPTER 13 

Drinking Industrial and Process Water 
Alkalinity influences coagulation, corrosion control, softening, membrane pretreatment, disinfection 

chemistry and pH adjustment. Treatment can consume, remove, redistribute or add alkalinity. 

In cooling and boiler systems, alkalinity must be considered with hardness, silica, chloride, 

conductivity, temperature and cycles of concentration. The same value can have different implications 

in source water, circulating water and boiler water. 

 Low alkalinity may reduce pH stability and affect corrosion control. 

 High alkalinity may increase acid demand and contribute to carbonate scale conditions. 

 Alkalinity does not prove drinking-water safety or treatment compliance. 

PUROXI INSIGHT  The correct operating range depends on materials, temperature, 

concentration and process requirements. 
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CHAPTER 14 

Testing and Monitoring Correctly 
 Use a clean representative sample and a validated test method. 

 Calibrate the pH meter with fresh buffers when the method requires it. 

 Use titrant strength suited to the expected range. 

 Avoid prolonged exposure that allows carbon dioxide exchange. 

 Record sample location, depth, time, temperature, pH, method and units. 

 Run standards, duplicates or laboratory checks as appropriate. 

Field kits are useful for routine management, but colour interference, small sample volume, drop size, 

expired reagent and subjective endpoints can affect results. Laboratory titration provides stronger 

confirmation when accuracy is critical. 

QUALITY RULE  Measure the same way each time if the purpose is to identify a real trend. 
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CHAPTER 15 

Treatment Decisions 
Low alkalinity may be corrected with bicarbonate, carbonate, hydroxide, lime, limestone or other 

alkaline materials, depending on the application. Each material changes water chemistry differently 

and may also affect sodium, calcium, hardness, pH or solids. 

High alkalinity may be managed through source blending, acid addition, ion exchange, membranes, 

precipitation or process changes. Acid addition requires professional design, safe storage, metering, 

mixing and control. 

 Define the required outcome and safe target range. 

 Calculate dose from actual alkalinity, volume and material purity. 

 Apply changes gradually where organisms or processes are sensitive. 

 Mix thoroughly and confirm results at representative locations. 

 Monitor pH during and after treatment; do not dose from alkalinity alone. 

PUROXI PRINCIPLE  Treatment should follow measurement, cause identification and a clear 

objective. 
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CHAPTER 16 

Common Alkalinity Myths 

High alkalinity means high pH 

Not necessarily. Water can have substantial alkalinity while its current pH remains near neutral. 

Alkalinity and hardness are the same 

They can be related through geology but measure different chemical properties. 

Aeration adds alkalinity 

Aeration may remove carbon dioxide and raise pH, but it generally does not create acid-neutralizing 

capacity. 

Clear water has adequate alkalinity 

Alkalinity cannot be judged by appearance. 

One ideal range applies everywhere 

Aquatic species, treatment processes, crops and industrial equipment have different requirements. 

KEY TAKEAWAY  Alkalinity is most useful when interpreted with pH, carbon dioxide, 

hardness, conductivity and the application. 
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CHAPTER 17 

Key Lessons 
 Alkalinity measures acid-neutralizing capacity. 

 pH and alkalinity are connected but not interchangeable. 

 Bicarbonate is the principal contributor in many natural waters. 

 Carbon dioxide can change pH without an equal change in total alkalinity. 

 Alkalinity and hardness are different even though both may be reported as CaCO₃ . 

 Low alkalinity can allow rapid pH decline; high alkalinity can increase acid demand. 

 Correct targets and treatment depend on the water’s intended purpose. 

 Reliable decisions require consistent measurement and companion data. 

FINAL THOUGHT  Alkalinity helps us understand not only where pH is now, but how the water 

may respond to what happens next. 
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Technical References 
This publication was informed by the following authoritative resources: 

 U.S. Geological Survey Water Science School. Alkalinity and Water. 

 U.S. Environmental Protection Agency. Volunteer Stream Monitoring, Total Alkalinity. 

 U.S. Geological Survey National Field Manual. Alkalinity and Acid Neutralizing Capacity. 

 Standard Methods for the Examination of Water and Wastewater. Method 2320, Alkalinity. 

 Food and Agriculture Organization resources on irrigation-water quality. 

This publication provides general education. Site-specific decisions should follow applicable 

regulations, validated methods, equipment instructions and qualified professional advice. 
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About the Puroxi Water Series 
The Puroxi Water Series explains important water measurements and processes in practical language 

while preserving the context needed for responsible decisions. 

Puroxi works across agriculture, aquaculture, wastewater, lakes and reservoirs, municipal and 

drinking water, industry, mining, oil and gas, cooling systems and other water applications. 

OUR COMMITMENT  To help people understand their water before treatment strategies or 

products are recommended. 
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Connect with Puroxi 
Puroxi Pure Water Global Inc. 

British Columbia, Canada 

www.puroxi.com 

info@puroxi.com 

WhatsApp: +1 604 302 9424 

Continue Learning 

Explore the Puroxi Knowledge Centre, Puroxi Academy, Puroxi Engineering Library and the complete 

Puroxi Water Series at www.puroxi.com. 

THANK YOU  Thank you for the opportunity to understand your water. 
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