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ABSTRACT

Currently, pelagic Sargassum seaweed blooms represent a near-global ecological disaster.
The purpose of the present study is to point to evidence that aerosolized coal fly ash is
the “smoking gun”, a major, if not the major, causal-factor underlying the Global
Sargassum Crisis. At least as far back as the 1990s, concerned citizens had started to
notice white trails, often called “chemtrails” that stretched across the sky ultimately
becoming a white haze. As time passed these became more frequent and were observed
over wider geographic regions. Published elemental data of pelagic Sargassum samples,
as ratios relative to barium, are largely consistent with the range of corresponding
element ratios from European and American coal fly ash samples, providing evidence of
Sargassum incorporation of matter from aerosolized coal fly ash. We obtained a proxy for
the unavailable relative annual amount of geoengineering aerosolized coal fly ash by using
the annual occurrence of the word “chemtrail” in Google Books. The striking increase in
that proxy for relative annual change in chemtrail activity parallels the formation of the
Great Atlantic Sargassum Belt beginning circa 2011. Moreover, cited experimental data
provide direct evidence that coal fly ash acts as a nutrient and fertilizer for bacteria and
cyanobacteria. Both  symbiotic  heterotrophic, diazotrophic (nitrogen-fixing)
cyanobacteria and bacteria located within Sargassum biofilm require ample iron because
the nitrogenase enzyme complex requires large amounts of this element to fix nitrogen.
The solution for halting, or at least profoundly reducing, the current Global Sargassum
Crisis is simple: End atmospheric contamination by aerosolized coal fly ash. Cease coal fly
ash use for geoengineering, and sequester all coal fly ash from smokestack exhaust. Were
this to be done, not only would the Global Sargassum Crisis subside, but global warming
would subside and stratospheric ozone depletion would subside. Moreover, human and
environmental health would markedly improve.

INTRODUCTION

Pelagic Sargassum seaweed blooms currently (2025-26) represent a near-global ecological
disaster and pose immense challenges to coastal areas from West Africa across the Atlantic
to the northern coasts of South America, the Caribbean, Gulf of Mexico, and the Southeast
U.S. coast, especially Florida (Figure 1).

Since the formation of the Great Atlantic Sargassum Belt circa 2011, these blooms have
been increasing in both size (tens of millions of tons) and duration (now up to 6-9 months
per year, whereas previously 3-4 months per year mainly in the summer), devastating
ecosystems, economies, flora and fauna, and threatening human health. These blooms carry
toxic elements, pollutants (like pesticides), pathogens, and sometimes exotic species to
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coastal areas. On or near the beaches Sargassum begins to rot within 1-2 days, and then it
begins releasing toxic gases like hydrogen sulfide and ammonia, leaching toxic elements into
the water, and smothering and poisoning sea grass and corals. Large amounts of carbon and
nutrients (phosphorus and nitrogen) are released, causing brownification of the nearshore
water, the so-called “Sargassum brown tides.” The beaches undergo erosion, sand
contamination, and a transition from a sandy to a muddy bottom, and local hypoxic/anoxic
conditions. The economic impact of the landings is severe, threatening tourism, fishing and
other coastal industries, not to mention the well-being and mental health of residents. Much
of the research to date on Sargassum has been conducted in Mexico and the Caribbean.
Although progress has been made, major gaps remain in our knowledge of these blooms and
how to prevent and combat them [1].

Figure 1: Left: Sargassum accumulation on the beach in Key West, Florida USA. Right:
Sargassum rotting and brownifying the ocean water.

Large floating mats of golden-brown seaweed in the center of the North Atlantic were
allegedly reported by Christopher Columbus in the 15 Century. This area became known as
the Sargasso Sea, and it has provided important habitat and breeding grounds for many
species of fish, eels, crabs, shrimp, birds, and even sea turtles. Two species of Sargassum,
Sargassum fluitans and Sargassum natans were always found in the traditional but now
shrinking areas of the Sargasso Sea and Gulf of Mexico, and both species currently flourish
in the Great Atlantic Sargassum Belt (Figure 2).
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Figure 2: The Great Atlantic Sargassum Belt (GASB) extension in July 2018 [2] and the
North Equatorial Recirculation Region (NERR). From [3].

The Great Atlantic Sargassum belt (GASB) extends over 5,000 miles from West Africa to the
Gulf of Mexico and has been observed by satellite imagery since 2011. It was described in
detail in 2019 [2]. This article suggested that the interannual variability of the GASB was
likely caused by upwelling off the African coast during the boreal winter and discharge from
the Amazon River in the spring and summer and concluded that the recurrent bloom in the
tropical Atlantic and Caribbean would become the “new normal” [2].

Research confirms that an extreme, prolonged negative phase of the North Atlantic
Oscillation during 2009-2010 acted as the tipping point seeding the Great Atlantic Sargassum
Belt. This atmospheric anomaly altered winds and ocean currents, transporting seaweed
patches into the tropical Atlantic, where it exploded in growth. This prolonged North
Atlantic Oscillation shifted atmospheric pressure and southwardly shifted Westerlies.
Stronger winds and surface water carried an initial seed population of Sargassum out of the
northern Sargasso Sea and into the eastern and tropical Atlantic. Stronger winds disrupted
the winter mixed layer, enhancing availability of nutrients presumably provided by vertical
mixing. The macroalgae thrived in this new environment with very warm seas, abundant
sunlight, and persistent nutrients from sources including vertical mixing and atmospheric
sources [4].

Since 2011, Sargassum rafts have aggregated from March to September in massive windows
along the Intertropical Convergence Zone under the action of converging winds. From May
to September the Intertropical Convergence Zone shifts northward. This movement changes
local wind conditions and pushes the aggregated rafts out of the equatorial path and directly
into westward moving transit tracks. The North Equatorial Current and North Brazil
Current/Guiana Current System push the floating biomass westward and northwestward into
the eastern and central Caribbean Sea [5].

Primary drivers of the Great Atlantic Sargassum Belt are thought to include climate shifts,
nutrient imbalances, vertical mixing, river discharges, iron deposition from Saharan dust,

Vol. 14 No. 04 (2026): European Journal of Applied Sciences Page | 342



Scholar Publishing

equatorial upwelling, and biomass burning (e.g., in Central and Southern Africa). Lapointe
et al. [6] concluded that the massive Sargassum bloom was driven by a major nutrient
imbalance, specifically an escalating nitrogen to phosphorus (N/P) ratio caused by
anthropogenic nutrient pollution from land-based run-off and agricultural fertilizer.

Researchers from the Max Planck Institute for Chemistry concluded that the massive Great
Atlantic Sargassum Belt was primarily driven by wind-induced equatorial upwelling of
phosphorus rich deep water combined with nitrogen-fixing from symbiotic cyanobacteria
living in the Sargassum, giving the macroalgae a major competitive advantage in the tropical
Atlantic [7].

Xing Zhou and colleagues provided evidence that an overlooked driver of the Great Atlantic
Sargassum Belt shifted over time from physical forcing (e.g., stronger winds/currents) to
ecological control, i.e., self-sustaining nutrient recycling by associated or symbiotic marine
organisms. They argue that this type of internal control became dominant in recent years,
allowing the massive blooms to persist despite fluctuating external nutrient sources and
increasing ocean stratification [8].

Although there is some agreement regarding the multiple drivers of the Great Atlantic
Sargassum Belt, there is ongoing debate regarding the source of nutrients for the massive
accumulation of Sargassum.

We have previously suggested that aerosolized coal fly ash is a prime factor in the explosive
growth of Sargassum [9]. The purpose of the present study is to point to evidence that
aerosolized coal fly ash is the “smoking gun”, a major, if not the major, causal-factor
underlying the Global Sargassum Crisis, which became apparent after 2003, and led to the
formation of the Great Atlantic Sargassum Belt.

BACKGROUND

At least as far back as the 1990s, concerned citizens had started to notice white trails that
stretched across and dimmed the sky, diffusing briefly to resemble cirrus clouds before
becoming a white haze. As time passed, these jet-laid white trails became more frequent
and were observed over wider geographic regions. By 2012 these trails had become a near-
daily, near-global occurrence (Figure 3).
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Figure 3: From [10]. Deliberate jet-emplaced particulate trails, sometimes referred to
as “chemtrails”, clockwise from top left San Diego, California (USA); Karnack (Egypt);
London (England); Danby, Vermont (USA); Luxembourg (Luxembourg); Jaipur (India).

Some concerned citizens had taken samples of post-spray rainwater, and had the samples
analyzed at commercial laboratories and posted the results on the Internet. Most individuals
only requested aluminum analyses, some also requested barium, while a few requested
analyses of aluminum, barium, and strontium [11]. The positive results from those water-
analyses indicate the particulate matter being jet-emplaced in the atmosphere has the
property of being partially soluble in water. The only widely available, cheap material which
has that property is coal fly ash (CFA).

When coal is burned industrially, coal fly ash condenses and accumulates in the hot gases
above the burner. Nearly all of the chemical elements, present in trace amounts in the coal,
become concentrated in coal fly ash. Many, but not all, coal fly ash particles occur as
spheres which owe their shape to the surface tension of the suspended melt. Coal fly ash
particles range in size from a few nm to tens of ym across. These tend to be disequilibrium
assemblages, having formed rapidly in an unnatural environment. Consequently, coal fly ash
occurs in a multitude of elemental combinations and poses great risks to human and
environmental health [12, 13].
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Generally, relative concentrations of the trace elements in coal fly ash are typically higher
than those found in the Earth’s crust, soil, or even solid coal [14]. At least 38 elements can
be partially extracted from coal fly ash by exposure to water [15]. Aerosolized coal fly ash
makes atmospheric water more electrically conductive because many of its elements
partially dissolve and ionize in water [16].

We published evidence that the coal fly ash is the main aerosolized particulate jet-sprayed
into the troposphere [17-19] by comparing element ratios relative to barium in rainwater
samples and melted snow samples with the range of corresponding ratios measured in the
lixiviate of coal fly ash leaching experiments [15, 20] (Figure 4).

Rain: Coal Fly Ash
v San Diego, Feb. 2015 Leach Range:
v San Diego, May 2015 ___ European
v San Diego, Dec. 2015 —— American
San Diego, Feb. 2017 SNOW:
Vermont,
v Spain, Feb. 2017 Mar. 2017
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Figure 4: From [21], showing the similarity of element ratios measured in rainwater and
snow-melt with the range of comparable element ratios measured in the laboratory
lixiviate of water-leach experiments [15, 20].

We have presented evidence [22] that tropospheric post-chemtrail snowfalls can collect and
bring down coal fly ash aerosol particulates in a manner similar to the physical-chemical
technique called co-precipitation [18]. One phenomenon we observed pertains to snow mold
which sometimes forms beneath snow in northern latitudes, for example in Wisconsin, USA
and Canada (Figure 5). In springtime, as the snow begins to melt, it releases the trapped
coal fly ash particles which descend and are re-trapped on the underlying snow mold.
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Generalizing, one might expect any down-falling substance, such as volcanic ash or Saharan
sand, to collect and bring down aerosolized coal fly ash.

Figure 5: Snow mold fibers observed and sampled as snow was beginning to melt. From
[22].

Figure 6 shows analytical data, expressed as ratios relative to barium (Ba), for snow samples
evaporated to near-dryness, samples of snow mold, and an air-drop material collected from
the roof of a parked car. The solid lines shown represent the range of corresponding ratios
for European [15] and American [20] coal fly ash measurements. These data, together with
the rainwater data shown in Figure 4, provide compelling evidence that the main substance
being jet-emplaced into the atmosphere is aerosolized coal fly ash.

AllBa - 2RBB—

psisal —pe=0

Be/Ba| 30OBE——

22 i ——B¢ -

gg;::: —%_ — American Range

N / — European Range

Cr/Ba- —M-(-

Cul/Ba- —_% - X Snow Residue 2016
F}?/lg:: %— 3% Snow Residue 2017
,J,';,%Z: o— £ 3¢ snow Residue 2018
mn;ga- ——OFO (O Snow Mold Avg. USA

o/Ba- —35

Na/Ba - ==X & ) Snow Mold Canadian
Ni/Ba ) 2 - 2
Pb/Ba - %_ > Air Drop California USA
Si/Ba - XL

Sr/Ba A

Ti/Ba -

ViBa | 53085
zoiea | e

0.0001 0.001 0.01 0.1 1 10 100 1000
Ratio Value

Figure 6: From [23], comparison of analytical results with the ranges of European [15]
and American [20] coal fly ash samples.
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EVIDENCE COAL FLY ASH IS A MAJOR FACTOR IN THE GLOBAL SARGASSUM CRISIS

Tonon et al. [24] measured the elemental composition of pelagic Sargassum samples
harvested in 2020 and 2021 from across the Caribbean, specifically Mexico, Jamaica, and
the Dominican Republic. From 2018 to 2021, Hatt et al. [25] collected and analyzed the
elemental composition of Sargassum samples mainly from two South Florida USA beach
cities. Basilio et al. [26] measured trace element concentrations in beach-cast seaweeds
collected from four beaches along the Espirito Santo coast in southeastern Brazil. Figure 7
connects the specific data sets from these analyses with the symbols used in Figure 8.

Basilio et al. (2026) Table 3.

Samples Analyzed Beach-Cast Submerged
. Zonaria Sargassum o 3
‘ e S s(asS. v
Species fournefortii o argassum natans (as S. vulgare)
Sampling Sites Espirito Santo Espirito Santo Syrian Sea SCEES Seeliin

(Dry Season) (Rainy Season)

L7 A O & O

Hatt et al. (2024) Table 1.

(@) S. fluitans 111 (b) S. natans 1 (c) S. natans VIII

F 21 *

Tononetal. (2022) Table 2.

Mexico Mexico Dom. Republic Jamaica
(July 2020) (January 2021) (February 2021) (August 2020)

Figure 7: Legend for Figure 8 that connects specific data sets to the symbols used in
Figure 8.

Figure 8 presents the trace element data from Basilio et al. [26], Hatt et al. [25], and Tonon
et al. [24], expressed as ratios with respect to barium (Ba) for comparison with the ranges
of corresponding element ratios in European [15] and American [20] coal fly ash samples.
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Figure 8: Comparison of trace element ratios relative to barium measured in Sargassum
samples [24-26] are shown for comparison with the ranges of corresponding element

ratios in European [15] and American [20] coal fly ash samples.

The similarity in trace element ratios with corresponding ranges of coal fly ash ratios provide
evidence of Sargassum incorporation of matter from aerosolized coal fly ash, although some
elements such as calcium (slightly off scale), sodium and arsenic may partially be collected
from the seawater environment.

In an article appropriately entitled “Global Floating Algae Blooms are Expanding”, Qi et al.
[27] present compelling graphical evidence that supports their titular assertion, illustrated

in Figure 9.
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Figure 9: From [27], compelling evidence of the algae blooms worldwide in the years
2013-2022 relative to the years 2003-2012.

The near-daily, near-global deliberate emplacement of coal fly ash into the upper
troposphere and lower stratosphere is a highly-secret, covert activity combined with a fully
orchestrated disinformation program to deceive the public. Consequently, the most
important data, such as the annual amount of coal fly ash used for clandestine
geoengineering purposes, are unavailable. However, there is a way to obtain an estimate of
the annual relative change in coal fly ash that is deliberately added to the atmosphere in
the form of chemtrails based upon cultural responses [28]. The more aerosol trails in the
sky, the more people are apt to notice, be concerned, and express their concerns in writing.
One relative measure is to plot annual counts of the usage of the word “chemtrail” in Google
Books [29], as shown in Figure 9.
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Figure 9: The annual number of occurrences of the word “chemtrail” per billion words
in Google Books [29] as a proxy for the relative annual quantity of coal fly ash chemtrails,
a.k.a. aerial particulate trails, sky striping.
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Note the striking increase in the Figure 9 proxy for relative annual change in chemtrail
activity that parallels the formation of the Great Atlantic Sargassum Belt beginning circa
2011.

We have previously reviewed the effects of the multifold components of aerosolized coal
fly ash as they relate to the increasing global occurrences of harmful algal blooms.
Aerosolized coal fly ash (CFA) from non-sequestered coal-fired power plant emissions and
especially from undisclosed, although “hidden in plain sight” tropospheric aerosol
geoengineering operations inflict irreparable damage to the world’s water bodies and exert
profound effects on human and environmental health [12, 13]. Atmospheric deposition of
CFA particles provides a source of water-soluble, bioavailable iron which drastically shifts
the global phytoplankton balance in favor of harmful algae and cyanobacterial blooms in
both fresh and salt water [9].

Despite the traditional view that iron from Saharan dust supported the macroalgae in the
Sargasso Sea, recent studies confirm that anthropogenic CFA particles are the most
significant sources of the soluble, bioavailable iron in the open ocean [30]. The primary
source of bioavailable iron in CFA is the glassy aluminosilicate phase provided by
aluminosilicates, the most abundant material in CFA. Formed during high temperature coal
combustion and rapid cooling, the aluminosilicate matrix traps ferric iron in a form made
soluble by acidic processing in the atmosphere [31]. Acidic processing by sulfates doubles
or triples the amount of soluble, bioavailable CFA iron deposition in the sea. This soluble
reactive iron has major impacts on ocean productivity, carbon export, and oxygen depletion
[32].

Anthropogenic iron containing aerosols, we submit, helped spawn the Great Atlantic
Sargassum Belt, not only by providing a great nutrient resource, especially iron, but as well
by potentially influencing wind patterns, precipitation, particle deposition, and changes in
the North Atlantic Oscillation. A multi-variant analysis in three zones of the Great Atlantic
Sargassum Belt showed a close association of Sargassum density, dust deposition, and
surface iron concentrations in the sea from 2002-2010 before the emergence of the Great
Atlantic Sargassum Belt circa 2011 [3]. Many more toxic metals and soluble trace elements
leach from coal fly ash into water as compared to African or desert dust. It is notable that
soluble phosphorus is 4-6 times higher and aluminum at least as high or higher in coal fly
ash leachate vs. desert dust [33].

The elemental ratios of coal fly ash and Sargassum are remarkably similar (Figure 8). Coal
fly ash contains more than 20 potentially toxic heavy metals and metalloids as well as
organics like polycyclic aromatic hydrocarbons (PAH’s) and polychlorobiphenyls (PCB’s) and
several radionuclides. Iron and aluminum (in the form of aluminosilicate) are major
components of coal fly ash, and arsenic is an important toxic metalloid [34].

While Sargassum offers economic opportunities for its use, its many toxic micropollutants
limit its use. Iron and aluminum are two of the most abundant elements in Sargassum.
Among the many contaminants in Sargassum, arsenic is the most salient and worrisome.
Arsenic is bioaccumulated in Sargassum due to confusion in the phosphate transporter
system between arsenic and phosphate. At least 15-20 heavy metals and metalloids are
found in Sargassum with metal uptake often mediated by cationic uptake.

Organic pollutants in Sargassum, as in coal fly ash, include both PAH’s and PCB’s [35].
Polonium-210 and Lead-210 are natural decay products of Uranium-238. These radioactive
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elements concentrate in CFA as products of combustion, and both are scavenged by pelagic
macroalgae like Sargassum [36].

Soluble iron is a vital nutrient for Sargassum in the open ocean because iron is hecessary for
both photosynthesis and nitrogen fixation. Sargassum growth responses to macronutrients
like nitrogen and phosphorus are driven by iron bioavailability. In laboratory experiments,
adding nitrogen and/or phosphorus to cultured Sargassum does not cause increased growth,
but combining them with iron causes unprecedentedly high growth rates, doubling the
biomass in just over 5 days. This indicates that soluble iron acts as the crucial micronutrient
co-limiting Sargassum growth [37]. The cited study claiming that upwelled phosphorus and
not iron is the key driver of Sargassum blooms was based on nitrogen isotopes in coral growth
rings and historical data showing that heavy African dust periods did not correlate with
Sargassum biomass. However, since the coral growth ring data did not include iron, and
most of the soluble iron in the ocean derives from atmospheric sources like CFA (not African
dust) their conclusion that this phosphate availability explains massive Sargassum blooms in
the Atlantic is not valid [7]. Both symbiotic heterotrophic, diazotrophic (nitrogen-fixing)
cyanobacteria and bacteria located within Sargassum biofilm require ample iron because
the nitrogenase enzyme complex requires large amounts of this element to fix nitrogen [38].
Larson et al. [39] showed that iron operating on phosphorus-iron co-limitation plays a critical
role in governing the abundance, biomass, and community structure of nitrogen-fixing
organisms. They showed that high levels of both phosphorus and iron yielded the greatest
number of heterotrophic, nitrogen fixing cyanobacteria.

Experiments provide direct evidence that coal fly ash acts as a nutrient and fertilizer for
bacteria and cyanobacteria in both soil and aquatic systems. Coal fly ash stimulates soil
microbial activity. It provides essential nutrients, alters pH, and supplies surfaces that
support the growth of nitrogen-fixing microorganisms. At the same time, larger amounts of
CFA added to soil can impair these organisms and other beneficial bacteria [40]. Heavy
metals including cadmium, copper, zinc, and lead can be adsorbed by cyanobacterial
fertilizers [41]. Matsumoto and colleagues demonstrated that floating coal fly ash blocks
were an effective, low-cost medium for bulk cultivation and cell adhesion of marine
cyanobacteria in open ocean environments [42]. Cyanobacteria, a photosynthesizing
organism that accumulates to form algal blooms, has evolved strategies to thrive in iron-
limited environments where they can outcompete other micro-organisms for iron
acquisition. Cyanobacteria have a high tolerance for multiple toxic metals and metalloids
(like those found in coal fly ash) and this characteristic may help enable them to maintain
their dominance in mixed algae settings like Sargassum blooms [43].

We have previously suggested that aerosolized coal fly ash is a prime factor in the explosive
growth of Sargassum [9]. Here we have provided evidence that the increase in coal fly ash
tropospheric emplacement for geoengineering, along with non-trapped coal fly ash
exhausting smokestacks in Asia, is a major, if not the major cause, of the current Sargassum
crisis.

The solution for halting, or at least profoundly reducing, the current global Sargassum crisis
is simple: End atmospheric contamination by aerosolized coal fly ash. Cease coal fly ash use
for geoengineering, and sequester all coal fly ash from smokestack exhaust. Were this to be
done, not only would the current Sargassum crisis subside, but global warming would subside
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[44-46] and stratospheric ozone depletion would subside [47-49]. Moreover, human and
environmental health would markedly improve [13, 19].

CONCLUSIONS

Currently, pelagic Sargassum seaweed blooms represent a near-global ecological disaster.
At least as far back as the 1990s, concerned citizens had started to notice white trails, often
called “chemtrails” that stretched across the sky ultimately becoming a white haze. As time
passed these became more frequent and were observed over wider geographic regions.
Published elemental data of pelagic Sargassum samples, as ratios relative to barium, are
largely consistent with the range of corresponding element ratios from European and
American coal fly ash samples, providing evidence of Sargassum incorporation of matter
from aerosolized coal fly ash. We obtained a proxy for the unavailable relative annual
amount of geoengineering aerosolized coal fly ash by using the annual occurrence of the
word “chemtrail” in Google Books. The striking increase in that proxy for relative annual
change in chemtrail activity parallels the formation of the Great Atlantic Sargassum Belt
beginning circa 2011. Moreover, cited experimental data provide direct evidence that coal
fly ash acts as a nutrient and fertilizer for bacteria and cyanobacteria. Both symbiotic
heterotrophic, diazotrophic (nitrogen-fixing) cyanobacteria and bacteria located within
Sargassum biofilm require ample iron because the nitrogenase enzyme complex requires
large amounts of this element to fix nitrogen. The solution for halting, or at least profoundly
reducing, the current Global Sargassum Crisis is simple: End atmospheric contamination by
aerosolized coal fly ash. Cease coal fly ash use for geoengineering, and sequester all coal
fly ash from smokestack exhaust. Were this to be done, not only would the Global Sargassum
Crisis subside, but global warming would subside and stratospheric ozone depletion would
subside. Moreover, human and environmental health would markedly improve.
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