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https://youtu.be/ORGxHr7GqrQ
https://dx.doi.org/10.2139/ssrn.3860950

The title is a Drop in the Ocean, this comes from Water Industry where the mantra is “The solution to
pollution is dilution”, so how can a single drop in the ocean have any impact on marine life?
Some of the most toxic chemicals are lipophilic which means they behave like oil and do not want to
dissolve in the seawater, so the solution to pollution cannot be dilution for these chemicals. Instead, they
become adsorbed and absorbed on to hydrophobic lipophilic particles like micro-plastic and become
concentrated many thousands or millions of times. The plastic particles are then eaten by small planktonic
animals under 1mm in size, or if the micro-plastic is very small it can be absorbed directly through cell
tissue and into plants called phytoplankton. The plastic carries the toxic chemicals and delivers them to
the inside of marine life.
More than 60% of all marine life in the oceans is under 1mm in size and is the root of our food chain,
marine life produces most of our oxygen, removes most of our carbon, regulates the climate and is the life
support system of the planet. We have already killed more than 50% of the plankton marine life in the
world’s oceans and it is currently dying off at a rate of more than 1% year on year. Humanity cannot
survive without marine life, and at the current rate of decline it will be gone ion 25 to 30 years.
The solution to pollution is therefore not dilution, and yes, a drop in the ocean can become toxic to millions
of animals and plants.
The oceans and marine life are the life support system for the planet
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The amount oxygen produced by the Oceans is close to 90% of the global production, plants living in our
oceans are the true lungs for the planet. Most technical reports place it at 50%, but the true figure is closer
to 90%
Atmospheric oxygen levels are dropping 4 times faster than carbon dioxide is increasing. The ratios
should be in equilibrium, the fact that they are not means that we are losing plant life on earth. The rate of
plant loss is around 1% every year.
The Amazon Rain Forest is a net exporter of carbon dioxide because of deforestation and the burning of
the trees.
It is only the parts of the terrestrial ecosystem that are not in balance that can sequester carbon and
produce oxygen, and these are where the vegetation does not decompose when it dies. This limits the
locations to ecosystems such as peat bogs, marsh land, wetlands, mangrove swamps and swamps in
general that can produce oxygen and sequester carbon. There will also be some carbon fixation in the soil
of forests which needs to be more accurately quantified. All the world’s trees sequester around 0.2 Gt of
carbon, the soil biome is over 1 Gt.
The amount of land area covered by the anaerobic (no oxygen) environments / wetlands represents
approx. 10% of the total land mass, and these are the most important areas from oxygen production and
carbon dioxide sequestration.
Oxygen levels are dropping 4 times faster than carbon dioxide is increasing
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Net zero is not enough, even if we became net zero by the end of the decade, atmospheric carbon dioxide
will still pass 500ppm and oceanic pH will still drop to less than pH7.95 and most marine life will simply
dissolve.
The best that net zero by 2030 can achieve is to give us an extra 5 to 10 years of time to regenerate marine
life in the oceans. Achieving net zero by 2050, means we lose the oceans, the life support system for the
planet and the only effective mechanism that we have for controlling climate change. Carbon mitigation is
therefore not going to work, we must regenerate marine life, or we are simply wasting our time.
We cannot stop runaway climate change by focusing on carbon
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The carbon balance for the planet, the data is from the IPCC and is based on carbon dioxide as carbon.
The IPCC changed the reporting protocol from mass of carbon dioxide to just the mass of carbon. This
means that the figures for CO2 emission reporting appear to have dropped from 40 giga tonnes of CO2
down to 11 Giga tonnes. It is the same number but the 40Gt refers to CO2 and the 11 refers to CO2 as just
C (carbon)
11.1 Gt enters the atmosphere from the burning of fossil fuels and trees, 5.9 Gt is abstracted from the
atmosphere by marine life, and terrestrial ecology, you also have some mineral absorption by silicates. You
will note that most of the terrestrial carbon is sequestered by marsh lands, peat bogs, wetlands, and
mangrove swamps, as well as the soil biome. Most of the carbon is absorbed by the oceans.
Climate change is an equation what goes into the atmosphere must equal the carbon being removed by
nature (mainly marine life). Most of the focus of the world and COP26 has been on carbon mitigation, we
have neglected nature and allowed life on earth to decline to less than 50% of the pre 1950s levels. Over
the next 25 years we will wipe out another 25% to 40%.
The equation will never balance if we wipe out nature, we will never stop climate change if we
destroy marine life, humanity cannot survive without the marine life support system
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We only discovered this cyanobacterium in 1985 yet it is responsible for 20% of our oxygen. When plants
produce oxygen they remove carbon dioxide, it is always in balance, so they remove 20% of our carbon
dioxide at the same time. A high percentage >90% of this carbon will be recycled, but eventually it will end
up being locked away in the abyss. The discovery exemplifies the fact that we know very little about the
oceans, except that they are hugely important for our oxygen and for regulating our climate.
Cyanobacteria bacteria produced the oxygen that allowed life on earth to evolve, when they die due
to pollution most life on earth will also die
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Diatoms are made from silica, and form the mineral Flint, if it was not for diatoms, early man would not
have had fire. Diatoms sequester a huge amount of carbon, around 5 times more than is emitted from the
burning of fossil fuels. Again, most of this carbon is recycled but a small percentage will reach the abyss
and be locked away in the planets greatest carbon bank.
Diatoms gave man fire and takers out more than 20% of our carbon
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The smell of the Oceans is the smell of marine plankton, the ocean drifters.
Coccolithophores and carbonate based marine plants form chalk, an example is the white cliffs of Dover,
these plants sequester and lock out a huge amount of carbon. They also give the sea its characteristic
smell, the smell of the ocean is the smell of plankton.
Plankton, both plants and animals escape the ocean surface in breaking waves, they act as a seed to form
clouds, and they change the surface tension of seawater. This also control the rate of evaporation from the
ocean surface.
Marine plants produce Omega 3 and other oils, the oil film prevents the evaporation of water, and this
prevents the transfer of energy from the sea to the atmosphere. Because we have lost more than 50% of
the marine plants over the last 70 years due to pollution, there is more evaporation, and this is the reason
for the increased wind velocity.
Climate change and elevated temperature will also cause an increase in wind velocities, but the loss of
marine plants is more important. Wind velocities and storms are going to increase exponentially as the
marine plants die due to pollution and ocean acidification.
Carbonate based plankton form chalk and change the chemistry of the oceans by removal of
calcium carbonate (chalk). The oceans now have lower calcium and carbonate concentrations and
are now much more sensitive to climate change than they were in the geological past.
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Copepods measure under 1mm in size and are the most numerous animals on the planet. They eat
phytoplankton such as diatoms and coccolithophores, and when they defecate, a small portion of this
organic matter reaches the abyss. We therefore need the plants as well as the animals to lock out the
carbon.
Copepods and marine plankton animals migrate from a depth of 200m to the surface every night to feed
on plants (phytoplankton) and go back down in the morning. This is the greatest mass migration of animals
on the planet which moves more water than the moon and tides. The energy transfer is enormous, the level
of mixing is huge, but this has not been factored into the climate change equation.
We have already lost at least 50% of these animals from the world’s oceans, and because the marine
environment is not sequestering the carbon due to the decline in plants and animals, this carbon as carbon
dioxide is dissolving in the water to form carbonic acid, and this leads to ocean acidification.
The loss of animals results in stratification of the water surface, and this accelerates the loss of
animals and plants and higher water temperatures, which is climate change
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This slide demonstrates that it is not just the GOES team stating the decline in all marine life, the highly
respect peer reviewed IPEN reports are saying the same.
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All life on earth depends upon marine plankton, without them in the oceans we cannot survive for more
than a few years. Plankton are the root of the food chain and the life support system for the planet, they
are the true lungs of our world. However, we have already lost 50% of the plankton and they are dying off
at a rate of 1% year on year, it doesn’t take a mathematician to work out that there is an end point which
we are fast approaching.
According to the Allee Effect, if you lose 80% to 90% of a community, then that community becomes
unstable and could collapse. If you take out one group of keystone organisms such as Coccolithophores
or carbonate-based plankton, then this could set up a trophic cascade chain reaction and everything dies.
When the chain reaction is initiated, it could be just a few years from the oceans appearing reasonably
okay, to them turning into a toxic soup. This has already happened in the Marmaris Sea and eastern
Mediterranean and it is spreading.
This is not caused by climate change because a slightly elevated temperature, increased carbon dioxide
and nutrients are all plant food, we should be seeing an absolute explosion of life, yet we are seeing the
exact opposite.
30% of the oceans are now HNLC zones (High Nutrient Low Chlorophyll), there are nutrients to support
marine life, but they are dead. 30% of the Ocean is equivalent to 70% of land area, and these zones are
spreading. A detailed explanation is provided in the GOES report https://dx.doi.org/10.2139/ssrn.3860950
This is not climate change, it is pollution….
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The textile industry is responsible for 10% of the world’s pollution and carbon budget. Stop fast fashion
and use materials that do not generate micro-plastic pollution.
There is no need for the pollution, Dr. Howard Dryden spent 5 years on a project in Dhaka and developed a
zero impact water treatment system and heat recover system for a large textile company. The system
design is open source for anyone to copy. The system was more expensive than standard systems, but it
gave an ROI in under 3 years just on energy saving costs.
The pharmaceutical industry and petrochemicals are also massive polluters of the atmosphere, soil, and
oceans. The application of green chemistry and consideration for the polluting effects of the chemicals
could eliminate many of the problems.
There is no need for pollution, in many cases it just takes the right technology to treat the water
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The water companies have got away with genocide, 80% of the world has no municipal wastewater, and
90% of the effluent treatment systems in developed countries allow micro- plastic to be discharged along
with pharmaceuticals and toxic chemicals. The elimination of aquatic pollution is probably the most
important thing we can do to help protect our environment, public health and to bring back marine life.
The 2018 Lancet report on pollution and health reported that pollution is the largest environmental cause of
disease and premature death in the world today. Diseases caused by pollution were responsible for an
estimated 9 million deaths in 2015, or 16% of all deaths worldwide, three times more than from AIDS,
tuberculosis and malaria combined and 15 times more than from all wars and violence.
800 million (30%,) of the world’s children globally are currently poisoned by lead which causes neurological
damage and learning difficulties. Then there is arsenic, chromium and mercury poisoning as well as
herbicides, pesticides and plastic such as PFOS. Pollution mitigation can yield large net gains for both
human health the economy and may be the solution to climate change.
80% of all disease worldwide is caused by polluted water, yet we do nothing to resolve these issues and
continue to discharge grossly contaminated water into our rivers and seas.
It not just the water companies, it would be much better not to make plastic cloths, toxic chemicals, and
products, do we really need a plastic nonstick pot? but for the time being we will need to focus on preventing
them getting into the environment.
We need to eliminate pollution in order to regenerate marine life if we are going to have any chance
of stopping climate change.
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Dr.Howard Dryden has designed the life support systems for many of the world’s largest public aquaria,
these systems are a perfect proxy for the ocean ecosystem.
Most academics and government scientist work in systems of 1 to 2 m3 of water with a few fish or animals
for a few days or weeks. At GOES we work on systems of 45,000 m3 of water with hundreds of different
species of fish and invertebrates in communities over periods of years. We therefore have a greater
understanding of the water quality and the mechanisms that sustain life.
When things start to go wrong in an aquarium, they can be catastrophic placing 20 million usd of fish at
risk. By way of example, if the pH is allowed to drop below pH8.0, and the alkalinity allowed to fall below
100mg/l then the systems can crash over a period of a few hours. A stressor is introduced, such as a light
being turned on, or someone hitting the tank side. The fish get a small fright, they use up more oxygen ,
breath out more carbon dioxide, the alkalinity drops, redox potential drops, zeta potential of the water
increases, organic particles go into colloidal suspension. The colloidal organics acts as a food source for
bacteria that consume more oxygen and produce more carbon dioxide. The pH is now shooting down
along with alkalinity, oxygen levels fall and in the space of 3 hours, all the fish and animals in the aquaria
could be dead.
The same situation will happen in the oceans, but instead of a few hours it may take 2 or 3 years to kill the
planet.
A chemical as well as a trophic cascade reaction is going to happen when the pH drops below
pH7.95 in 25 years, and it will kill the planet
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When carbon dioxide dissolves into the seawater it forms carbonic acid which makes the water less
alkaline. If there are fewer marine plants to use the carbon, then this process is accelerated.
Oceanic pH in the 1950’s was 8.2, it is now 8.04 and if we continue to discharge carbon dioxide at the
current rate it will be pH 7.95 by 2045. Even if we became carbon neutral by 2030 under RCP4.5 (which is
now impossible), then atmospheric concentrations will still reach 500ppm and ocean pH will still drop to
pH 7.95
If we allow the ocean to drop to pH 7.95, then we will not be able to stop climate change.
Climate change will be serious for humanity, but ocean acidification, the Evil Twin to climate change is Evil
because the consequences will be catastrophic.
Ocean acidification is a humanity extinction event, that will happen when the pH drops below
pH7.95 in 25 years
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The red line shows the current trajectory for ocean pH, the blue line relates to the loss of marine life.
Ocean pH is now 8.04, and this is the point at which carbonate based marine life start to dissolve. More
than 50% of the remaining marine life, such as the coccolithophores are made from carbonate, they will all
be gone in 25 years by the time the pH drops to pH 7.95. No ecosystem can take such a huge hit, it is not
possible for animals or plants to adapt to dissolving, they have no place to go except into solution.
We are going to lose all the coral reefs and coastal defenses for 0.5 billion people, we are going to lose all
the seal, birds, whales and with the fish the food supply for 2 billion people. The vacuum will be filled by
bacteria, protozoa, and cellulose based plankton such as dinoflagellates. The dinoflagellates produce toxic
chemicals that will kill any remaining fish, this is already happing to marine life and fish farms around the
world, the most recent event was in southern Ireland
https://www.irishexaminer.com/news/arid
-40737489.html
https://www.asf.ca/news-and- magazine/salmon-news/mowi-pauses-nl- expansion-after-near-8m-hit-onsalmon- problems
https://mainichi.jp/english/articles/20211113/p2a/00m/0op/021000c
The plankton will escape the water surface and they will make the atmosphere toxic, this is already
happening in Florida, it is going to become much more serious. Google atmospheric HABS for more
information. The smell of the ocean is the smell of Coccolithophore plankton algae, this will change to toxic
dinoflagellates.
Marine life cannot survive ocean acidification, it is not possible for animals or plants to adapt to
dissolving, they have no place to go except into solution.
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The loss of marine life is not caused by climate change, but by toxic chemicals and plastic.
The issues may however be confused with climate change because the toxic chemicals and plastic stress
the marine plants and animals, predispose them to disease and they become more sensitive to elevated
temperatures and climate change.
It is now recognized that sharks over 1 m in length are toxic, most whales and dolphins are toxic, and most
oily fish such as tuna are toxic. If you consume more than 2 oily fish a week you will suffer from PCB
poisoning.
https://www.wwf.eu/?15592/Fish-too-polluted-to-eat
Climate change is not causing the loss of marine life, it is the loss of marine life from pollution that
has caused climate change along with carbon dioxide emissions
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Why do we make cosmetics that are biologically toxic, I fail to understand?
There are lower cost alternatives that are just as effective and not harmful to humans or the environment,
such as zinc oxide-based sunscreen.
Chemicals toxic to nature are also toxic to humans.
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Oxybenzone and similar chemicals in sun screen and 3500 cosmetics are responsible for killing most of
our coral reefs and have the potential to wipe out most life on the planet.
Oxybenzone is only made by 5 companies, and it is used in many products exposed to sunlight to stop
them from fading.
Oxybenzone as a chemical has a low toxicity, however it gets adsorbed and concentrated onto plastic, the
plastic is then eaten by a zooplankton or absorbed by phytoplankton. When the marine life is exposed to
sun-light the Oxybenzone does what it was designed to do, and that is change the wavelength of sunlight
from a short energetic wavelength to a longer less energetic wavelength. The longer wavelength of light
has less energy, this spare energy dissociates the water molecule inside the plankton into hydroxyl
radicals which are horribly toxic. This causes coral bleaching or the death of the plankton. So, it not the
chemical directly that is dangerous but the combination and the circumstances.
The price we pay for cloths and plastic that do not fade in sunlight is the loss of the world’s coral
reefs, we never pay the true cost.
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The lipophilic (oil like) chemicals are horribly toxic because they do not dissolve in water, instead they
become concentrated on hydrophobic particles like micro-plastic. The plastic concentrates the chemicals
may thousands or millions of times, and then they are eaten by zooplankton or adsorbed by the plankton.
Below micro-plastic you have nano-plastic and molecular plastic that are also on the increase. We know
these forms or plastic carry toxic chemicals and that they are even toxic to bacteria such as
Prochlorococcus.
If you lose you digestive system biome, you can’t survive, the same thing is happening to the oceans.
Up to 21 million tonnes of micro-plastic in the Atlantic Ocean
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Most animals on plants in our oceans now contain plastic and toxic chemicals and are dying off at a rate of
1% year on year as a consequence.
The survival of humanity depends upon Nature, but in 25 to 30 years we will have wiped out most of nature
including marine plants, and animals in the world’s oceans.
Humanity is well and truly screwed unless we can regenerate marine life, this is not a hypothesis or
a maybe, it is a fact…
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With an understanding of the mechanism comes a realization of the solution, and it’s not just carbon
mitigation, we must regenerate marine life as a priority, and carbon mitigation as a secondary issue.
If we had not wiped out more than 50% of marine life from over fishing and pollution we would not be
experiencing climate change.
This means we have got climate change wrong, with the blind focus on carbon mitigation we have
neglected pollution and marine life. We have neglected and almost destroyed the one thing that could have
prevented climate change and may still have the potential to reverse climate change, nature and in
particular marine life in our oceans.
If we prevent toxic chemicals and plastic from entering the oceans marine life could recover
Marine biomass doubles every 3 days terrestrial biomass takes 60 years. So, if we take the toxic
chemical and plastic brakes off the system, marine life has the potential to bounce back very
quickly.
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Currently 5.2 Gt of carbon enter the atmosphere every year, however if we hadn’t wipe out more than 50%
of marine life in the Oceans…….
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……we would not now be experiencing climate change.

The scientific community and world’s Governments have made a catastrophic omission not to have
included the regeneration of nature…… the other side of the climate change equation.
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There may still be time to reverse the loss of marine life and to prevent Ocean acidification pH 7.95.
We must stop all pollution from entering the oceans from toxic chemicals and plastic, and this must be
completed over the next 10 years due to the huge inertia in the marine ecosystem to change.
We can save the oceans and stop the worst of climate change by the elimination of pollution and
regeneration of marine life
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We need to stop pollution from municipal and industrial wastewater. We need to stop the discharge of
micro-plastics, especially from plastic cloths and car tyres. We must stop using toxic chemicals in
agriculture and practice regenerative agriculture, it has proved to work, and the farmers make more money
Pharmaceuticals are designed to being bio-active at extremely low concentrations, they are causing untold
harm including making male humans sterile and turning male fish into females.
There are huge opportunities for industry to adopt green chemistry and manufacturing to develop products
that do no harm.
It is now not enough to do no harm; we must start to do good.
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The GOES team, have decided that since global leaders don’t want to see the truth, we’ll drop it on their
heads in the form of irrefutable scientific data. We have organized over 100 deep ocean-going yachts who
are navigating over the world to take water samples that will shine a light on ocean acidification, microplastic pollution and the destruction of marine life.
We can no longer sit behind a computer burning energy and consuming resources, we are now almost
carbon neutral and chemical free and are managing the Citizen Science research project from
s/v Copepod.
Dr.Howard Dryden
Goes Foundation
Roslin Innovation Centre
The University of Edinburgh
Easter Bush Campus
Midlothian EH25 9RG
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