Productivity Loss from Trapped Gases in Aquaculture Ponds

In turbid, organically loaded aquaculture systems, toxic gases such as hydrogen sulfide (H,S), methane (CH,), ammonia (NH;), and carbon dioxide
(CO,) are generated in bottom sediments through anaerobic decomposition and accumulate as stabilized microbubbles at the sediment-water
interface. Fine organic matter and microbial biofilms—together with associated organic surface coatings—stabilize these microbubbles, reducing
interfacial permeability and disrupting the natural, gradual release of sediment-derived gases into the overlying water column

How Trapped Gases De-stabilize Pond's Eco-system:

* Release dynamics are distorted
Gases either remain trapped for extended periods or are
released suddenly in localized bursts.

e Mixing patterns are disrupted
Vertical and lateral gas exchange becomes patchy, weakening
natural pond mixing processes. - Physical ami Biologica[
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Certain micro-zones experience excessive gas concentrations,
while adjacent areas remain under-supplied.

e Carbon dioxide (CO.) dynamics are altered
Sudden CO, release events can trigger localized pH drops,
while prolonged trapping limits CO, availability for
phytoplankton photosynthesis.

e Nitrogen cycling becomes inefficient or incomplete
Irregular gas exchange disrupts nitrification—denitrification
coupling, leading to reduced nitrogen turnover and
accumulation of intermediate forms.

* Gill tissue damage or irritation
Toxic gases disrupt epithelial integrity, thicken diffusion
distance, or trigger mucus overproduction.

e Altered blood chemistry
Elevated CO, causes respiratory acidosis, shifting oxygen-
hemoglobin binding (Bohr effect), so oxygen is carried less
efficiently even when available.

* Increased ventilatory effort, reduced uptake efficiency
Animals may appear stressed despite “acceptable” DO
readings.

As a result, oxygen uptake becomes physiologically constrained,
leading to functional hypoxia even when dissolved oxygen
concentrations appear adequate.

() Addressing these interconnected challenges requires an intervention that restores physical balance within the water column rather than
masking symptoms with chemicals or mechanical aeration alone. Magnetic Water Treatment (MWT) offers such an approach by acting on
the physical behavior of water and dissolved ions.



Restoring Gas Exchange & Enhancing Pond Productivity Through MWT

Magnetic Water Treatment (MWT) addresses these limitations by modifying the physical behavior of water at the molecular and interfacial level,
thereby restoring gradual gas exchange and improving oxygen transport without adding chemicals or altering water chemistry.

The Process:

As water passes through a controlled magnetic field, subtle reorganization occurs within the hydrogen-bonded water network. Weakly bound, large
water clusters partially dissociate into smaller, more mobile clusters and a higher proportion of independent water molecules. This restructuring
reduces excessive hydrogen bonding rigidity, leading to lower effective viscosity and reduced surface tension. These physical changes have direct
consequences for gas dynamics within aquaculture ponds.

e Reduced surface tension and altered interfacial behavior
decrease microbubble stability, weakening the organic and

biofilm-mediated trapping of sediment-derived gases Magnetic Field Treatment
Improved Oxygen Transport
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e Toxic gases such as H,S, NH;, CH,, and excess CO, are
released more gradually and uniformly, rather than remaining
trapped or escaping in sudden bursts. ===

e Interfacial permeability at the sediment-water boundary
improves, restoring a more continuous and buffered gas flux
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into the overlying water column.
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oxygen diffusivity, allowing dissolved oxygen to penetrate
more effectively toward bottom sediments.

e This supports aerobic microbial processes, suppresses
anaerobic gas generation, and improves nitrification—-
denitrification coupling
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e Oxygen delivery becomes more spatially uniform, reducing
localized hypoxic stress zones even under high organic
loading.

e By normalizing gas release kinetics and improving oxygen
transport, MWT helps re-establish stable mixing patterns,

buffered CO, availability for phytoplankton photosynthesis, and
efficient nitrogen cycling

| e Enhanced molecular mobility and reduced viscosity improve @

The combined effect is a reduction in functional hypoxia, lower physiological stress on cultured species, and improved overall pond productivity—
achieved through physical water restructuring rather than increased aeration or chemical intervention



Gill Function Under Toxic Gas Stress: The Respiratory Bottleneck

Normal Gill Function

Fish and shrimp gills are extremely thin, highly vascularized membranes designed for efficient gas diffusion. Under optimal conditions, oxygen readily
diffuses from water into the bloodstream, while carbon dioxide diffuses outward—maintaining healthy respiration and supporting growth.

What Happens When Toxic Gases Are Present

e Toxic compounds diffuse into gill tissues along with water—not
replacing oxygen, but entering simultaneously.

e Ammonia, H,S, and excess CO, irritate and physically damage
delicate gill membranes.

e Gill tissues respond by thickening and producing excess
mucus as protective mechanisms.

e Blood chemistry becomes disrupted: ammonia and CO, alter
pH balance, while H,S interferes with critical cellular
respiration enzymes.

The Dissolved Oxygen Paradox

e Dissolved oxygen (DO) measurements may appear numerically
adequate.

* Despite this, cultured animals exhibit signs of respiratory
distress.

e Oxygen is physically present in the water but physiologically
inaccessible.

* Impaired gas exchange limits effective uptake rather than
oxygen availability.

e As aresult, available oxygen is underutilized and effectively
wasted.

Metabolic Energy Diversion and Productivity Loss

e Toxic exposure and physiological stress force animals to divert

metabolic energy toward detoxification and stress responses.

e Less energy remains available for growth and tissue
development.

* Feed nutrients are inefficiently converted into biomass.
e Feed conversion ratios (FCR) deteriorate.

e Overall growth performance and pond productivity decline.

Overall growth performance and pond productivity decline

@ This is why managing toxic gas levels is fundamental to improving farm performance—it restores the animal’s physiological capacity to
actually use the oxygen being supplied.



Enhancing Productivity Through Toxic Gas Management

When toxic gas accumulation is effectively controlled, pond ecosystems undergo positive transformations that directly translate into improved
animal performance and farm profitability. These benefits extend beyond conventional water quality improvements to fundamental changes in how
oxygen becomes physiologically available for animal respiration and efficiently converted into growth.

Restored Gill Function

Gill membranes remain thin and healthy without thickening or
excessive mucus production. Normal tissue structure enables
efficient oxygen diffusion gradients across delicate respiratory
surfaces.

Reduced Metabolic Stress

Animals expend significantly less energy on detoxification and
stress response mechanisms. This conserved energy redirects
toward growth, reproduction, and immune function—improving

feed conversion ratios.
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Enhanced Oxygen Uptake

With reduced toxic gas interference, oxygen diffuses uniformly
through the water column and transfers efficiently into animal
bloodstreams. Dissolved oxygen becomes truly bioavailable rather
than just measurable.

Improved Oxygen Dynamics

Clearer water enhances light penetration, supporting
phytoplankton photosynthesis during daylight. Combined with
reduced gas interference, this creates stable, elevated dissolved

oxygen levels throughout daily cycles.

This integrated approach to water quality management represents best practice in modern aquaculture production systems. By addressing the root
cause of respiratory impairment—toxic gas accumulation—rather than simply adding more aeration, farm managers can achieve sustainable
improvements in animal health and farm profitability. The result is measurable improvement in key performance indicators: faster growth rates, better
survival percentages, improved feed efficiency, and higher overall productivity.



