Unlocking Mineral lon Bioavailability for Efficient Molting
Why lon Transport Efficiency Matters for Aquatic Animals like Prawns & Shrimps

Crustaceans depend on continuous mineral ion uptake for multiple critical physiological processes throughout their lifecycle. Unlike vertebrates with
internal skeletons, crustaceans must repeatedly rebuild their exoskeletons during molting cycles, requiring rapid and substantial mineral mobilization
within compressed timeframes.

When ion transport is slow or energetically inefficient, animals experience delayed molting, elevated physiological stress, weaker exoskeletons, and
reduced growth efficiency. Over successive production cycles, these effects compound—Ileading to lower survival rates, longer time to market, and
diminished economic returns for aquaculture operations.

lon Transport Efficiency Directly Supports:

Exoskeleton Formation

Calcium and magnesium
deposition for structural
integrity.

Osmoregulation

Maintenance of cellular fluid
balance in saline
environments.

Molting Cycles

Rapid mineral uptake during
post-molt hardening phases

Metabolic Stability

Provision of essential
cofactors for enzymatic and
cellular function.

The limitation is not mineral concentration:

In saline and brackish aquaculture systems, essential mineral lons such as calcium, magnesium, sodium, and potassium are already present in
dissolved form as hydrated ions and exist in concentrations far exceeding typical biological requirements, creating an environment that appears rich in
nutritional resources. These ions are thermodynamically available and chemically reactive. The chemical work of dissociation has already been
completed by the solvent properties of water itself. The limiting factor is not chemical availability-

In saline and brackish aquaculture systems, essential mineral ions such as calcium, magnesium, sodium, and potassium are already present in
dissolved form as hydrated ions, often at concentrations far exceeding typical biological requirements. These systems therefore appear nutritionally
rich. From a chemical standpoint, these ions are fully dissociated, thermodynamically available, and chemically reactive. The chemical work of
dissociation has already been completed by the solvent properties of water itself.

e The limiting factor is not chemical availability, but the frequency
and efficiency with which hydrated ions move through the
aqueous environment and interact with biological membranes
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and transport proteins.

e As aresult, transport kinetics—the speed and efficiency with
which ions reach and cross cellular barriers—becomes the rate-
limiting step in mineral assimilation.
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Membrane Transport - Rate-Limiting Step

e The biological consequences manifest as delayed molting [
cycles, suboptimal growth rates, and increased susceptibility to ' Exgssiacton
environmental stress.

The Constraint in Biological Uptake of lons

In high-salinity or high-TDS (total dissolved solids) water, ions develop extensive and highly stable hydration shells. These ordered water structures
form as water molecules orient their dipoles around charged ions, creating multiple coordination layers.The thermodynamic stability of these hydration
shells increases with ionic strength, meaning that in saline environments, ions are surrounded by more water molecules held more tightly than in
freshwater systems.

These hydration shells have profound kinetic consequences.

First, they increase the effective hydrodynamic radius of ions,
slowing diffusion according to the Stokes-Einstein relationship.

Second, they reduce ion activity—the effective concentration
available for chemical interactions—because a portion of the ionic
charge is screened by the hydration layer.

Third, they raise the activation energy required for membrane
transport, as ions must partially or fully shed their hydration shells
to pass through channel proteins or interact with carrier molecules.




Introducing Magnetic Water Treatment
A Science-Grounded Approach to Aquaculture Optimization

Water functions not merely as a passive solvent but as an active participant in biological transport. Aquaculture waters already contain the essential
minerals animals require—the challenge lies in enabling efficient access to those resources. Water's molecular organization—particularly hydrogen-
bonding behavior and short-range structuring near ions and biological membranes—directly influences how effectively dissolved minerals and
electrolytes are conveyed to biological interfaces. This reframing shifts the focus from supplementation to optimization, from adding more inputs to
improving utilization.

By addressing molecular-scale constraints that limit mineral transport dynamics, Magnetic Water Treatment offers a physics-based pathway to better
utilize the productive potential already present in existing water bodies. It represents a complementary approach that operates within established
management frameworks, enhancing the efficiency of processes already occurring rather than fundamentally altering system chemistry or biology
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shifting equilibrium away from larger, transient water clusters
toward more mobile monomeric and low-order associated water
molecules.

The increased prevalence of mobile water molecules supports the
formation of more compact, dynamically exchangeable hydration
shells around dissolved ions.

This results in hydration shells that are thermodynamically efficient
rather than overly rigid or structured.

While ions remain fully hydrated, the surrounding water molecules
exhibit faster exchange rates and greater configurational flexibility.
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e As aresult, ion-membrane interactions proceed more smoothly
through normal physiological mechanisms, supporting improved
mineral uptake and transport efficiency.

These effects are achieved without chemical additives or changes to water chemistry, positioning Magnetic Water Treatment as a process-level
optimization rather than a compositional intervention.

What Remains Unchanged What is Changed

e Total dissolved solids e Water molecular clustering
e Salinity measurements e Hydrogen bond dynamics
e |on concentrations e Hydration shell mobility

e Chemical composition e |lon diffusion kinetics

e pH and alkalinity e Membrane interface behavior



What This Means at the Pond Level

Small improvements in molecular transport efficiency scale into meaningful biological and operational benefits. When individual ions move more
efficiently, cells function more effectively. When cells perform better, tissues operate optimally. When tissues function well, whole organisms thrive.

Molting Consistency

More synchronized and
complete molting cycles with
faster post-molt hardening

Metabolic Efficiency

Reduced energy expenditure
on ion transport, freeing
metabolic resources for
growth.

This hierarchical scaling transforms hanometer-scale molecular effects into meter-scale pond management outcomes:

Exoskeleton Strength

Improved mineralization
leading to stronger shells and
enhanced disease resistance

System Stability

Greater resilience to
environmental fluctuations
and physiological stressors.

Pond Productivity & Economic Returns

Animal Health & Growth Performance

Physiological Efficiency & Stress Reduction

Tissue Function & Metabolic Processes

Cellular Mineral Transport Efficiency



