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Abstract

Applying Raoult’s law to the ocean confirms the notion, that the stability of the osmotic concentration
(Osm) of the inner environment of land vertebrates (0.30sm) and the much higher salinity of present
day’s ocean (1.09 Osm) reflects a long-term salination process, which continues irrespective of the recent
short-term global melting of dilution period. Climatic advances and retreats have been deduced from the
law of dilute solutions applied to the ocean. Salinity changes over geological ages provide evidence for a
dynamic osmolyte system against a general geochemical balance. The long-term increase in ocean salinity
is contrasted by short-term fluctuations with severe climatic consequences. Fluctuations in salinity give
an explanation of wet and dry climatic periods and are major driving forces of biological evolution.
The recent global warming causing the expansion of sea volume, the melting of sea ice and ice sheets,
contributes to the short-term dilution effect temporarily outweighing the long-term effects of salinity
increase contributed by the human pollution.

Keywords: Osmolyte systems; Raoult’s law; Salination process; Global warming; Glacial and interglacial
periods; Climatic changes; Consequences of salination

Abbreviations: Osmotic Concentration (Osm); European Space Administration (ESA); Sea Surface
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Introduction

Edmund Halley, an astronomer observed in 1715 that the ocean was constantly recei-
ving salt. However, he could not estimate the age of Earth using the “salt clock” method as an
earlier salt concentration would have been needed to calculate the rate of accumulation [1].
Thomas Mellard Reade was the first to apply Halley’s suggestion of using the salt clock and
estimated that it would have taken 25 million years to reach the present day salt concentra-
tions in the ocean [2]. John Joly also used the rate of salt supply by rivers to estimate the age
of Earth and determined that the ions would have accumulated in 99.4 million years [3]. This
estimate for the age of earth was close to that calculated by Lord Kelvin (William Thomson) in
1864 and was widely accepted. Lord Kelvin estimated that how long it would take an earth-si-
zed molten sphere to cool to today’s temperatures, and he obtained a maximum age near
100 million years. Ten years later Joly revised his equation and calculated the age of Earth to
be between 80 and 150 million years old. The salt clock method soon fell out of favor as the
salination process was not regarded as a constant process, moreover the initial and final salt
concentration were not known. As reliable records that would have extended back to at least
one million years were missing, geologists and palaeontologists have dealt mostly with the
long term mean of salt concentration of ocean. The constancy was explained by the complex
chemistry of seawater and by multistep equilibrium processes operating simultaneously gi-
ving the impression of a short-term balance. The idea of a general geochemical balance provi-
ded a model to make such constancy plausible [4,5]. Ocean salinity is still regarded stable for
billions of years as a consequence of a chemical/tectonic system that removes as much salt
as is deposited [6].

From a biologist point of view the constancy of seawater salinity is seriously doubted.
There is a general concensus that the extracellular and intracellular concentrations of living
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organisms were identical and vertebrates remained in osmotic
equilibrium with sea before they moved to land [7]. Although, we
know neither the initial concentration nor the salinity of sea at the
time of emergence of land vertebrates, the electrolyte concentra-
tion of today’s ocean should conform biological functions, unless
major changes occured either in the electrolyte concentrations of
living organisms or in the salinity of the sea. The osmotic concent-
ration of seawater (1.09 Osm) is now more than three times higher
than the isotonic concentration of land vertebrates (0.3 Osm). This
osmotic concentration seems to be optimal for the biological functi-
on of informational macromolecules (DNA, RNA, proteins). The pre-
servation of stable isotonic concentration of terrestrial vertebrates
may indicate that the elevation of osmotic concentration of sea
could have taken place [8]. The uniform osmolarity of blood in land
vertebrates is regarded as a reflection of osmolarity of seawater
at the time of their evolutionary emergence from their marine en-
vironment. The transition from aquatic to terrestrial life is thought
to have occured during the Devonian Era (some 400 million years
ago) [9]. Despite the evolutionary divergence and different means
of osmotic regulation, terrestrial vertebrates (mammals, reptiles,
snakes, lizards, turtles, birds) maintained nearly identical ion con-
centrations (0.3 Osm) in their blood. Exceptions are amphibians
which have significantly lower (0.16-0.24 Osm) and variable ion
concentrations and birds with slightly elevated (0.317 Osm) elect-
rolite concentrations. These strikingly similar values point to the
biological importance of the ion balance and to the evolutionary
stability of the inner environment of land vertebrates.

The variable ion levels in fishes and amphibians in the aqueous
environment may reflect the selective osmotic pressure for the
early forms of tetrapods. In view of the uniform osmolarity it is
reasonable to assume that the osmotic blood concentration (in-
ternal environment, Claude Bernard’s “milieu intérieur”) of ter-
restrial vertebrates is a relic of ancient stage, namely the osmotic
concentration of the ocean (external environment) at the time of
vertebrates migration to land [8]. This interpretation of osmolarity
is consistent with the idea that terrestrial vertebarates arose from
fishes in marine waters rather than from slightly saline inland seas
or lakes [9]. Although, the salinity change of ocean has an impact on
the water cycle and ocean circulation, but less attention has been
paid to those factors that cause these changes. To give resonable
answer to the salination of oceans the review focuses on the ocean
as a semi-dilute solution, the salinity changes of ocean, the salinity
of present day’s ocean, and the long-term salinity increase contras-
ted by the global warming periodes.

Ocean, The Oldest Dilute Solution
Laws of dilute solutions

The criteria of dilute solutions will be discussed later. For the
sake of simplicity and better understanding, the ocean with its re-
cent avarege of 1.09 Osm concentration is still regarded as a dilute
solution of several salts. Osmotic Concentration (Osm) is used as
there are different osmotically active particles in the ocean avoi-
ding the Molar concentration (M) of individual components. Vapor
above the sea (as moisture, water gas) is one of the most important
gases in the atmosphere beside oxygen, nitrogen and carbon dioxi-

de. Vapor causes to form humidity, fog, clouds, rain, snow, hail and
sleet. Most of the global vapor (~85%) is present over the ocean.

Related to the vapor pressure and evaporation, the major prin-
ciples of dilute solutions have been described by several laws (Hen-
ry’s, Dalton’s, Thomson’s, and Raoult’s law). Henry’s law is com-
monly used for calculating the solubility of a gas in a liquid. Dalton’s
law of partial pressures states that the total pressure exerted by
a gaseous mixture is equal to the sum of the partial pressures of
each individual component in a gas mixture. Idealized models of
evaporation are essentially governed by Raoult’s law and Dalton’s
law. Thomson’s law states that the growth-rate of the cloud-drop-
lets depends on the radius of the droplet. Here we deal neither with
the solubility of gases nor the droplet formation, thus Dalton’s and
Thomson’s laws will not be discussed. Moreover, to consider either
Raoult’s or Henry’s law is mainly the question of convenience. Wil-
liam Henry’s law applies to the solute in a solution, while Raoult’s
law applies to the solvent in a solution. The basic difference in the
two laws is that in dilute solutions solutes are surrounded by unlike
solvent molecules, while the solvent molecules are surrounded by
their own kind of solvent molecules (Francois Raoult). This allows
a further simplification due to the easier application of Raoult’s law
and its use for quick estimations.

Raoult’s law (1886): p=p*x

states that the vapor pressure (p) of a component is propor-
tional to its concentration, where: p is the vapor pressure over the
solution in a sealed container, X is the mole fraction of the compo-
nent (moles of solvent/total number of moles), p* is the equilibri-
um vapor pressure of the pure solvent. Raoult’s law explains how in
an aqueous solution containing non-dissociating solutes the lowe-
ring of vapor pressure of the increasing salt concentration affects
boiling point elevation (0.52 °C mol/l), freezing point depression
(-1.86 °C mol/1l) and the osmotic pressure approximated using the
Morse equation [10,11]. Raoult’s law will be discussed here in re-
lation to the salinity of ocean. Raoult’s law applies to dilute, ideal
solutions. Although, the ocean is not an ideal solution (ideal solu-
tions simply do not exist), Raoult’s law even under these less ideal
conditions has a tremendous impact, but has never been applied to
the climate of Earth.

Global aspects of Raoult’s law

Based on Raoult’s law, the antifreeze solutions lower the fre-
ezing point of water, preventing them from freezing in the winter
and from boylover in the summer. The vapor pressure of solutions
is a fundamental property of vapor liquid equilibrium, making use
of it in other processes such as distillation, absorption, stripping,
flash separation, etc. Raoult’s law can be applied to the ocean provi-
ded that multiple criteria of dilute solutions are met. The criteria of
dilute solutions are met when:

a) The concentration of the solution is at least 100 times higher
than the dissolved material. The molal water concentration
(1000g solution containing molar amounts of water in grams)
regarding its H,O content is 1000g/18g=55.5M. When ionic
substances are dissolved it is just to speak about gion/1000g
concentration rather then molal concentration (M).
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b) The solute is non-volatile. The sea contains primarily non-vola-
tile salts, that have no tendency to form vapor over the surface.
The marine iodine cycle has significant impacts on air quality
and atmospheric chemistry. Relatively little data is available
to estimate the global surface iodide concentrations, and this
data has not been openly available in digital form.

c¢) The solvent evaporates. Those water molecules on the surface
of the sea that are moving fast enough may escape. Other water
molecules return to the solution. Evaporation takes place only
on the surface of the sea.

d) More water molecules brake away at higher temperature (wit-
hout boiling) from the surface layer.

e) Evaporation of a liquid takes place in a closed system similarly
to a closed container. The ocean with the atmosphere of the
Earth represents a semi-closed system. Neither the water of
the ocean nor the vapor of the atmosphere will disappear over
time.

f)  Equilibrium will be reached in which the number of water par-
ticles leaving the surface is balanced by the precipitation retur-
ning to it. Global equilibrium cannot be reached, local satura-
tion causes precipitation. The vapor pressure above the sea is
the pressure exerted by the water vapor in the air.

Evaporation from water surfaces and evapotranspiration from
Earth’s land surface and plants are the major sources of water va-
por of global proportion. During evaporation water molecules at
the surface of seawater gain enough energy to escape as vapor into
the air above. The warmer the seawater, the easier the evaporation
will be, generating higer vapor pressure. The temperature of the
surface waters varies mainly with latitude. The temperature of the
sea surface is high (27-30 °C) near the equator, often the maximum
value occurs a few degrees of latitude north or south of the equator.
The Persian Gulf (low latitude) can be as warm as 36 degrees Celsi-
us (96.8 degrees Fahrenheit) and the Red Sea in some locations can
even warm up to +42 °C/107.6 °F. Global warming of sea results
in a general vapor pressure increase and an expansion of sea vo-
lume. The temperature of sea varies also with depth. The deep sea
(>3000m) consists of horizontal layers of equal salt density betwe-
en 0 and 3 °C (32-37.5 Fahrenheit) and is colder than 5 °C above
1000m depth. The surface temperature of polar seas at 3.5% sali-
nity and high latitude can be as low as 2 °C (28.4 degrees Fahrenhe-
it) and freezes at -1.94 °C (28.5 degrees Fahrenheit). At low latitude
the seawater at depth is creating a thermocline, which is a layer of
rapidly changing temperature.

Salinity and temperature changes cause local differences in va-
por pressure, with no vapor pressure equilibrium on a global scale.
The salinity distribution differs significantly from global tempera-
ture changes. High salinty was registered in the center of the ocean
basins, subtropical regions, landlocked seas in arid regions, high
rates of evaporations with clear skies, little or no rain, prevailing
wind. The sea surface salinity is highest (over 3.7%) in the mid- and
lower-Atlantic Ocean, in the Mediterranean Sea and Red Sea. Lower
salt concentrations (3.2%) were found near the Arctic, Antarctic
and the coastal regions of east Asia and western North America.

With its lowest salinity (~1/3 that of seawater) the Caspian sea is
a landlocked remnant of the ancient Parathetis Ocean some 50-60
million years ago that connected the Atlantic and the Pacific Oce-
ans. The northern Caspian Sea bottom is dating back to Precamb-
rian times, of at least about 540 million years ago. Until the geolo-
gically recent times (~10 million years ago) it was linked through
the Sea of Azov, Black Sea, and the Mediterranean Sea, to the world
ocean. After loosing connection with the ocean completely some
5 million years ago it turned into the the world’s largest isolated
inland sea. Its salinity indicates its marine origin. Over 130 rivers
provide inflow of fresh water, with the Volga River being the largest,
explaining why the Caspian sea is now less salty than the ocean. It is
believed that most desalinated period of the Caspain was some 2-5
million years ago [12].

Earlier the in situ collection of salinity data has been limited
primarily to main shipping routes resulting in large gaps. At any
geographic location the saturation vapor pressure (equilibrium)
depending on temperature and salinity of seas or lakes is the pres-
sure exerted by the water vapor molecules when the air is saturated
with water. At the saturation vapor pressure precipitation begins in
the form of rain, snow or ice. Vapor equilibrium is scarce in some
low latitude places (e.g. plateau of the Atacama Desert in South
America), much more water is lost by evapotranspiration than
formed by the rare occasions of precipitation. Contrary to the eva-
poration at an alarming rate the elevated salt concentration of in-
ner seas and lakes without sufficient water supply generates a low
vapor pressure. This process known as ,continental weathering”
reduces the frequency of precipitate formation that often drops to
nearly zero leading to the shrinking of these water bodies and to
their hypersaline concentration (Dead Sea, 33.7%, Badwater Basin
in Death Valley with high versus lower salinity areas, depending on
“small springs versus. large springs”. Remnants of ancient lakes that
still exist today are the Great Salt Lake or the Bonneville Salt Flats
in Utah. Chemical pollution may have a similar effect on salination,
e.g. the Aral Sea is heavily polluted and steadily shrinking. The ri-
vers that fed the Aral Sea were diverted in the 1960s for irrigation
purposes further aggravating the retreat of the Aral Sea. The human
interference caused climate change, with hotter and drier summers
and colder and longer winters in the Aral Sea region.

Possible Causes of Salinity Changes

Beside the average salt concentration of the modern ocean
(3.49%) the salt content of the sea water may vary according to
evaporation, depth, temperature, currents, but mostly with fresh
water supply by rainfall, rivers and melting of ice and snow. A re-
lated question to be answered is whether the constant flux of ocean
is recycling with little or no salinity change or a dynamic process
progressing with an initially lower, but increasingly higher salt con-
centration. To come to conclusion the possible causes of desalina-
tion and salination processes will be discussed.

Salt extraction causing decrease in ocean salinity

Rising sea beds, the limited flow or loss of contact of inner
shallow seas to the ocean may cause bottle-necking. Similarly, the
assembling of continents (e.g. Pangea 250 million years ago) dest-
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royed parts of the continents where once many marine organisms
thrived. In inner seas with no feeding rivers, the rate of evaporation
and precipitation determine the speed of salination. Complete eva-
poration of inner seas left large salt deposits often in the form of
salt domes within restricted marine basins. The discovery that salt
was accumulating in basins (Gulf of Mexico, Mediterranian Sea, Red
Sea) [13] indicated that wast amounts of salt could have been de-
posited in ocean depth. The salt extraction from evaporite deposits
could have an effect on the decrease of ocean salinity [14]. Large
reservoirs of salt stored in brines in the deeply burried sediments
fueled the speculation that salinity of the ocean could have changed
through time [15-17]. Others thought that evaporite salt deposits
could not have decreased the salinity more than a few parts per
thousand [18,19].

Salinity changes due to the circulation of ocean

Saltis not only deposited, but salt gradient may develop in deep
sea due to the inefficient irculation and high pressure of water. The
lack of data regarding the distribution of salinity in deep sea can be
explained by the crushing pressure exerted within the depths in the
ocean. Nevertheless, it is known that once a cavity of water beco-
mes salty enough, it sinks to the deep sea due to its higher density,
drawing in water from surrounding areas, and initiating an ocean
circulation loop called thermohaline overturning. This thermoha-
line cyle is known as the ocean’s conveyor belt that runs because
cold water is denser than warm water and salt water is denser than
fresh water. This conveyor belt is a global heat engine that carries
warm, less dense surface water from the equator toward the poles
to replace the cold and dense water that sinks to the ocean floor.
One thermohaline cycle takes at least 1,000 years to complete in
which all ocean water will flow around the globe. Global warming
by melting the polar ice projects an immense amount of fresh water
into the arctic see and as it is less dense, and stays at the surface
near the polar region where it cools down. This will result in the
sinking of the less dense but salty water and could slow down the
thermohaline cycle causing climatic turbulances of global propor-
tions.

Salinity increase caused by continental drift

The outporing of molten rock constantly increases and res-
hapes the surface of the sea floor (e.g. mid-atlantic ridge). The vol-
canic gases (CO,, H,S, HCI) and the soluble salts of the new crustal
material of the erupting lava are dissolved in the ocean contributing
to the salination process.

Salination caused by weathering and denudation

These processes carry away the surface of the soil, cracking
stones and sand by the wind. Endogenic processes (volcanos, eart-
hquakes and plate tectonic uplift) also expose the continental crust
to the exogenic denudation processes of wheathering, erosion and
mass wasting. Most of the material carried by the wind is deposited
in the seas, the salt content of which contributes to the salination of
the ocean. The increasing amount of sand of the spreading deserts
carried away by the wind is accelerating the salination process.
Erosion is accelerated by man.

Hydrological cycle - Salination effect of rivers

Beside the weathering of rocks and surface denudation of land
there are other processes that contribute to the salinity of the oce-
an. Evaporation of ocean water and formation of sea ice decrease
the volume, and elevate the salinity of the ocean. These ,salinity
raising” factors are are reduced but not completely counterbalan-
ced by processes that decrease salinity, such as the melting snow
and melting of ice and the nearly 80% of global precipitation of rain
that occurs over the ocean. All fresh water bodies contain some salt
(<0.1%). The salt of the fresh water is carrying constantly dilute
salt to the ocean. The salination by rivers that was once part of the
salt clock method [3] supports the notion of the continuous salinity
intake of Ocean. Taking only the impact of the largest river, the Ama-
zon is carrying about 5% of the Earth’s fresh water to the ocean, the
salinity of which would have increased the salinity to an estimated
1 Osm during the last 10 million years. However, there are several
balancing factors which influence the salinity of the ocean such as
the anomalies in geochemical balance and the sea-to-sea variations
in chemical composition.

Chemical pollution contributed by man

The steady-state ocean model gave the false impression of an
inexhaustible compensational power. However, the last century
has proved that global changes can be made within short period
of time and reconfirming the quote of Heraclitus ,Nothing endures
but changes”. It is thus logical to assume that the chemical pollution
will inrease the salinity of ocean. However, this could not be noti-
ced, yet as the opposite dilution effect of global warming turned out
to be much stronger than expected. Global warming from the end
of the 19% century to 1975 was +0.4 °C, by 2000 +1 °C; and if this
trend continues it will be +2 °C by 2028, and +3 °C by 2062 [20]. For
the period of 1985-2025 an estimated lower greenhouse-gas-indu-
ced warming of 0.6-1.0 °C with the concomitant oceanic thermal
expansion would generate a sea level rise of 4-8cm [21].

Dilution effects of global melting
Fluctuations in salinity between glacial and iterglacial periods

During the latest glacial maximum some 20 thousand years ago,
the ice sheets over the continents had lowered the global sea level
by approximately 130m compared to the level in 2000 [22]. In par-
ticular the northern hemispheric continents, Greenland, the polar
regions, and the development of ice caps at the top of the moun-
tains causing solvent deficiency of seas, leading to their increased
salinity [23-26] and a lower (average 3.4 %) global salinity between
ice-ages. This tendency also explains the gradual buildup of the An-
tarctic ice [27]. It is believed that the salinity decrease of the ocean
during the current Phanerozoic eon [17,28] of about half billion
years constitutes the multicellular period of abundant animal life,
including the emergence of terrestrial plants, the development of
complex plants, the evolution of fish, the emergence of terrestrial
animals and the development of modern faunas.

Global warming after glacial periods resulted in the melting of
ice in polar regions causing the solvent increase and the salinity
decrease of the ocean. Wet, warm interglacial periods were more
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in favor of species living in land than for life in a warmer sea con-
taining less dissolved oxygen. Assuming that the last ice age end-
ed some 12,000 years ago, and the previous one lasted for 28,000
years, it is expected that without human intervention the present
interglacial period could be longer than 12,000 [29-32] . By the end
of the latest ice age the remaining ice was an estimated 5x107km?.
For the future a further *4x107km? loss of all polar and glacial ice
has been predicted, which means nearly 80% loss of our fresh water
reservoir [30]. Taking into account the many glacial advances and
retreats that occurred in the past, there is no doubt that the con-
centration of the ocean was changing many times resulting in wet
and dry climatic periods. The ice ages provide convincing eviden-
ce that the ocean concentration was changing over geologic ages.
These salinity changes indicate that a general geochemical balance
providing long-term constancy of ocean salinity never existed.

Dilution effect of global warming

One of the major causes of sea level rise is the rapid melting
of Arctic sea ice and Greenland ice sheet. If we add to this the re-
cent thermal expansion of seawater due to global warming which
has a higher dilution effect than the melting itself, then the ongoing
salinity decrease of the ocean could reach as much as 5-10%. As
already mentioned, the projection of an immense amount of fresh
water into the North Atlantic could be large and rapid enough to
slow down, or at least temporarily disrupt, the thermohaline circu-
lation. Convincing evidence has been provided that tropical ocean
waters have become saltier over the past 50 years, while seas clo-
ser to Earth’s poles have become fresher [33-35]. These local sali-
nity changes may slow down the thermohaline cycle. As the deep
current carries more than 30 times the volume of all the rivers the
slowdown is expected to be a protracted process. More data are ne-
cessary to prove convincingly the slowdown or disruption of the
global conveyor belt provided by the programs of the European
Space Administration (ESA), launching satellite and other projects
recording the moisture of land and the Sea Surface Salinity (SSS).
Similarly, the Aquarius/SAC-D mission developed by America’s spa-
ce agency (NASA) and other Space Agencies such as the Argentine
Comision Nacional de Actividades Espaciales (CONAE) also measu-
re global Sea Surface Salinity. The global data on sea surface salinty
will refine the local changes in the open ocean ranging between 3.2
and 3.8%, but can be lower near the fresh water sources in Arctic
regions or higher (4.2%) e.g. in the Red Sea. These measurements
are expected to help to clarify several phenomena of the water cycle
and ocean circulation representing the two major components of
the climate system of Earth. The large-scale, relatively rapid oceanic
changes suggest that the recent climate changes, including global
warming, are likely to alter the fundamental planetary system that
regulates evaporation and precipitation.

Climatic turbulances, insufficient mixing

It was generally believed that the ion balance and concentra-
tions of seas during evolution were similar to those measured in
ocean today [4]. This simplistic model of osmolar systems assumed
that the observed chemical composition represented a steady-state
ocean in which the amount of material introduced per unit time was
compensated by an equal amount deposited as sediments [36]. This

assumption that still holds, did not consider the fact, that there is
no complete mixing of materials introduced into the ocean. Mixing
takes place primarily by the conveyor belt (currents), but there are
other turbulances involved, such as waves, ocean tides or volcanic
activity. That the mixing in ocean is incomplete is indicated by the
sea to sea and local variations in salinity providing a further evi-
dence for global salinity imbalance of climatic consequences. Such
climatic extremities occur at locations where: a) upwelling returns
the deep water to surface e.g. Indian and Pacific Oceans. Upwelling
could explain why major floods in eastern states of Australia have
been doubled in the last 70 years relative to the frequency and vo-
lume of earlier floods, b) the surface ocean water absorbs radiation,
heating up water that floats on top allowing to generate saturation
vapor pressure with tropical, subtropical storms (e.g. North Atlan-
tic cyclones, tornados). c) the global melting with a greater input of
fresh water from glacier melting and runoff into the North Atlantic
Sea with the potential of the conveyor belt be weakened.

To summarize the recent global climatic developments:

a) The dilution effect caused by global warming through the vo-
lumetric expansion of ocean and by the continental glacial and
sea ice melting exceeds by far and is masking the damages of
the salinity increase brought about by the chemical pollution.
Local dilution effects show that already a small decrease in salt
concentration of the sea elevates vapor pressure, cloud and
precipitation formation in the atmosphere manifested in the
storm intensity. Similarly, water with less salt and lower heat
content warms up faster and generates a sudden high vapor
pressure that determines the occurrence and severity of local
precipitation and flooding of the region’s rivers especially in
late spring and early summer months.

b) The dilution effect is masking the chemical pollution. Pollution
is taking its measurable toll locally (e.g. Aral Sea), but in the
long run it will add up to the higher salinity of ocean, with all
of its harmful effects on global life.

These conclusions raise further questions, e.g. Is the recent
dilution effect or the long-term concentration process more dan-
gerous to life on Earth? The short answer is that the long-term sa-
lination is more harmful, explaind in the next chapter. The longer
explanation would deserve another review.

Discussion

As far as the ong-term salination versus short-term fluctuations
are concerned we do not have any record regarding the initial salt
concentration of the sea at the time of emergence of life around 3.5
billion years ago.

Salinity of ancient ocean

There is even doubt how the primordial ocean came to be.
Some researchers believe that comets containing large amounts of
water delivered water especially at the end of the planet formation
period when several satellite-sized bodies had formed that could
have collided with the Earth or be captured. Such collision would
also explain the formation of Moon by the tangental impact of a
body the size of Mars [37]. The presence of volatile water trapped
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in lunar basalts would be equally difficult to explain as such an
enormous impact could have caused a catastrophic heating event
[38]. The collision theory was criticised by studies proving that
comets contain 2 to 20 times more “heavy water” (D,0) relative to
“normal” water (H,0), than is found in the ocean. A more acceptable
explanation argues that water on Earth originated from the cloud of
gas and dust that gave rise to the solar system and water molecules
were trapped in the porous rock inside the hot planet and boiled
out as steam and the water vapor wrapped the planet in a dense
blanket. When the Earth cooled down water vapor condensed
into clouds, further cooling precipitated the fresh water and and
covered the entire planet to an unknown depth sometime between
4.3 billion and 3.8 billion years ago. The cooling of ancient sea from
nearly boiling point could have lasted for millions of years and could
have had a strong dilution effect. According to the plate tectonic
theory, the Earth’s crust, the outer shell, broke into a number of
rigid pieces, called tectonic plates, and the movement and collison
started to form mountains and other features high enough to create
continents above the sea level.

The salt of the molten rock and the gases of volcanic activity
around the tectonic plates could have started the salination pro-
cess several billion years ago. As there is no reliable evidence for
extraterrestrial origin of water it is reasonable to assume that the
volume of water did not change significantly over geological ages,
only the state (water vapor, water, ice and snow) is changeing cons-
tantly. Correspondingly, the salinity of ocean depended initially on
the salts and gases dissolved from the Earth’s crust and on the glo-
bal temperature. Gases (HCI, CO,, SO,, HCN) released by cataclysmic
volcanic eruptions induced acidification with an initial “acidic sea”

and higher salt concentration as there was much more vapor in the
hot atmosphere and less water that cooled down and covered the
Earth.

Major, but less dramatic changes in temperature took place du-
ring glacial and interglacial periods with concomitant salinity oscil-
lations. The long-term salination of ocean is regarded as a constant
process, while the fluctuating dilutions suggest an initial low salt
concentration of the ocean.

Salinity of ocean at the time of emergence of land vertebrates

The maintainance of constant ion millieu (0.3 Osm) of land ver-
tebrates versus the recent salinity of ocean (1.09 Osm) is taken as
an evidence for a long-term salinity increase. Although, there were
occasional desalination events, a long-term salination process is
hypothesized, in which the osmotic concentration of the ocean inc-
reased in the past 400 million years from 0.3 Osm to 1.09 Osm. To
judge the salinity change of the ocean by plotting salinity against
geological time, only a rough estimation can be made (Figure 1).

Looking back at climatic changes, the general tendency of
global warming can be charaterized by a long-term salination
process, interrupted by intermittent fluctuations restricted to
glacial concentration and interglacial dilution periods. The long-
term salination suggests that the glacials and interglacials will be
repeated at inceasingly higher salt concentration of ocean which
is likely to result in gradually shortened and more frequently
occuring ice ages. The widening gap between the increasing salinity
of ocean and the melted ice suggests higher amplitudes of climatic

oscillations, manifested in higher storm frequency and intensity
[39,40].

Present day
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Figure 1: Schematic representation of ocean salination. Three salt concentrations have been plotted against geological
time. The initial salt concentration (zero time point) at the time when the world ocean cooled down to today’s tempera-
ture is unknown, but was probably much lower then the recent value. Its growth is indicated by the dotted curve. a)
present day sea osmolarity after 4.5 billion years of global history (1.09 Osm), b) hypothetical salt concentration of
Caspian Sea representing the Thetis Ocean (0.35 Osm) some 50-60 million years ago, and c) Devonian salt concentra-
tion of ocean after 4.1 billion years of global development, believed to correspond to the concentration of blood elec-

trolytes of land vertebrates (0.3 Osm). By extrapolation the

salinty increase to 5 Osm would take at least 500 million

years. Assuming that salination follows a saturation tendency, the process can be characterized by a sigmoidal curve

that may indicate an extended saturation and life on earth.
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Combined effect of pollution and global warming

The Arctic ice is containing at least 15% sea ice and as a fresh
water stream is carried by ocean currents also referred to as the
meridional overturning or thermohaline circulation. Salinity chan-
ges have the potential to modify the layers of the ocean and affect
the heat content. Salinity and temperature jointly determine the
ocean’s density. Higher salinity and colder temperatures, result in
increased ocean density and lower sea surface height. The density
of seawater is only slightly affected by cooling near the freezing
point. Rather salinization through sea-ice formation or evaporation
is required to make water dense enough to sink into the ocean in-
terior [17]. To the contrary warmer and fresher (diluted) sea wa-
ters, decrease the density and elevate the sea level. As a consequ-
ence of the increased evaporation of the diluted warmer seawater
at low latitude, cloud formation, storm frequency and severity in-
tensify. All these deductions lead to the conclusion that cloud for-
mation on Earth is governed by Raoult’s law of dilute solutions. The
lower the concentration of a solution and the higher its temperatu-
te, the more its vapor pressure and the higher the evaporation of
the solution and precipitation formation will be.

It is debated whether the temporary masking effect of global
warming on the salination process will have an overall intergla-
cial or glacial outcome. The global melting could initiate a warmer,
wet period hall-marked by an overall higher water vapor pressure
resulting in more cloud formation and precipitation. This tendency
seems to be supported by the tendency of global warming and
storm frequency and intensity at least in some regions e.g. Atlan-
tic storms that have been doubled in the past 40 years. Computer
simulations predict other unusual meteorologic activities and also
favor the continuation of the ongoing interglacial period. Unusual
climatic events are not restricted only to the north Atlantic regi-
on, recently more hurricanes hit the US South mainland than the
average had been per decade in the previous 40 years. The increa-
sed storm frequency seems to favor the continuation, moreover to
boost the antiglacial tendency.

Alternatively, one could argue that the recent dilution period is
not uniform and more expressed in the polar regions and around
the Greenland Ice sheet, where the temperature is close to the fre-
ezing point. Despite the dilution effect at this low temperature the
few percentages of vapor pressure elevation may remain unnoti-
ced and the storm intensity correspond to regular oscillations. Mo-
reover, the sustained increase of evaporation and cloud formation
could have a strong cooling effect on the atmosphere, initiating os-
cillation toward a glacial period.

It is assumed that the dilution period of global warming and
polar melting, is outweighing the concentration effect of pollution,
supporting the idea that the interglacial course will continue. Alt-
hough, the consequences of air and water pollutions during the
20 century have shown that we were able to upset both the at-
mospheric balance and hydrologic cycle through the greenhouse
effect resulting in global warming, glacial retreat, dilution of ocean
by melting polar ice and loosing most of our fresh water reserves.
Among these consequences it is worth mentioning that shift in the
balance of the salinity was observed only locally primarily in pol-

luted inland seas, lakes and rivers.

The application of Raoult’s law to the ocean is sending two im-
portant warning messages:

a) Not only global warming but also salination of the ocean will
face serious consequences, not mentioning the combination of
the two of them.

b) The effect of the temperature on the volumetric increase of
ocean is an important factor to be considered in the dilution
process. The warmer the ocean, the more dissolved oxigen and
carbon dioxide will be released from it contributing to the gre-
enhouse effect. Warmer ocean also means higher vapor pres-
sure, favoring the processes of evaporation and cloud forma-
tion. The short-term (tens of thousands of years dividing the
interglacial periods) dilution processes are contrasted by the
long-term salination of ocean (millions of years) with decrea-
sing vapor pressure and decreasing cloud formation. The hig-
her the salt concentration of the sea the lower the vapor pres-
sure in the atmosphere will be, with less cloud and precipitate
formation and with the likelyhood that less freshwater will be
contained in the global, mainly arctic ice reservoirs. To limit
pollution and to keep the ocean diluted is at least as impor-
tant as to prevent further global warming. Higher osmolality,
reduced oxygen content of warmer ocean and concomitant re-
duction of fresh water will bring further unfavorable changes
for both aqueous and terrestrial life already experienced with
inner seas and lakes. The irresponsible contribution to the glo-
bal concentration process by polluting the atmosphere and the
hydrosphere will take its toll. The global warming is accounted
for by the masking effect of long-term salinity increase that
could remain hidden and unnoticed for another generation to
come, but when realized it might be just as late as experiencing
the effects of global warming [41-43].

Conclusion

Based on Raoult’s law applied to ocean as the ultimate dilute
solution, the following short-term climatic scenario is envisaged:
Global warming will probably melt most of the polar ice and snow
caps of mountains exhausting most of our fresh water reserved as
ice and snow. Antropogenic global warming in progress is likely to
elevate further the temperature of sea, which in turn will signifi-
cantly elevate the vapor pressure in the atmosphere and contribute
to more cloud and precipitate formation especially at low altitude
and in subtropical land regions. Similarly, the law of dilute solutions
also helps to explain the extreme heat, drought and sudden pre-
cipitation waves becoming even more frequent. Due to the higher
global temperature and dilution effect of melted snow and ice, the
turnover of the hydrologic cycle is expected to speed up. From the
mountains, which are less protected by forests and by snow caps,
the rain will wash away more soil and vegetation causing massive
landslides and floods. More importantly, the hydrologic cycle and
denudation will carry more salt to the sea inceasing its salinity.

A further corollary of Raoult’s law is that the salination of ocean
is the long-term (millions of years) period that will have an even
more devastating effect than global warming. Global scale salina-
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tion similarly to the concentration of inner seas and lakes will result
in the decrease of vapor pressure, lower cloud but more intense
precipitate formation, causing drastic loss of the recycling and re-
newable freshwater reservoir, spread of deserts. The gradual long-
term increase of salinity raises the question how far the salination
process can go on without threathening life on Earth. A further
question concerning salinity is whether the increasing osmolarity
of sea (e.g. 2-30sm) associated with a declining vapor pressure in
the atmosphere will produce enough precipitation to cool down
the atmosphere and to produce enough polar ice and fresh water
for the hydrological cycle to initiate a new cycle of ice age. Reduced
wapor pressure without significant cloud formation, precipitation
and without cooling effect will cause further global warming prone
to generate a vicious cycle. The pessimistic forcast is that high salt
concentration of the sea with increased heat capacity will further
aggravate global warming. It is unreasonable to think that the tem-
porary dilution period of ocean will be able to counteract the long-
term salination (pollution) process. The frequency of interglacial
periods in the future can be predicted. An unchanged salinity under
the recent dilution effect could mean that the concentration effect
has already started to take its toll, with most of the fresh water be-
ing lost without a chance to be regained in the future.
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