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Abstract: With the increase of global human activities, a large number of technogenic magnetic particles (TMPs)
generated by industrial activities such as coal combustion, traffic and so on enter sediments on continental
shelves. However, there is currently a lack of understanding of the spatiotemporal distribution of TMPs on
continental shelves, as well as the sedimentary effects they cause. This review work comprehensively analyzes
the source, morphology, composition, and spatiotemporal distribution characteristics of TMPs. Then it
elucidates their magnetic contribution to sedimentary environments in continental shelf seas, as well as the
influence of heavy metals and active iron. At the same time, the existing problems and future development
directions of TMPs on continental shelves are summarized.
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1. Introduction

Magnetic particles have both natural and anthropogenic sources. Natural magnetic particles
come from the universe, wildfires, volcanic eruptions, or lighting sources, while anthropogenic
sources are generally referred to as technical magnetic particles (TMPs). TMPs mainly come from a
large amount of coal-fired fly ash formed by thermal power plants during high-temperature coal
combustion and traffic (fuel consumption and exhaust emission) (Doyle et al., 1976; Lu et al., 2016;
Shetye et al., 2019; Vasiliev et al., 2020; Wang et al., 2022).

The proportion of TMPs in the fly ash is about 2-15%, and the particle size is mostly 5-150 p m.
It appears spherical or nearly spherical, with a portion of it being iron containing oxides that are
magnetic (Grimley et al., 2017; Zhu Lei et al., 2004). TMPs are discharged from source areas such as
thermal power plants and are an important component of atmospheric PM2.5. When they enter the
human alveoli, they cause damage to the respiratory system, and when they enter the human brain,
they can lead to cardiovascular and cerebrovascular diseases (Tian et al., 2019). They also have been
found on dung emitted by cow grazing in the surroundings of an iron smelter, which prove that
TMPs enter ecosystems compartments and food chains (Ayrault et al., 2016).

Most of the coarse TMPs settle on land or lakes near source areas such as thermal power plants,
causing enhanced soil or sediment magnetism and heavy metal pollution in these areas. Therefore,
there are relatively rich research results on TMPs in soil and sediment in the land domain (Magiera
etal.,, 2011; Sarkar et al., 2015; Lu et al., 2016; Tan et al., 2018; Grimley et al., 2021). Generally, magnetic
particles from different sources can be distinguished by their morphology and composition (Tang et
al., 2010). Additionally, it is widely believed that the number of TMPs in the near surface land and
coastal zones is much greater than that of other natural sources, indicating that magnetic particles in
modern sediments are essentially products of human activity (Tang et al., 2010; Kelepertzis et al.,
2021).
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TMPs in the land can also be washed into rivers by rainwater and eventually enter the sea. In
addition, relatively fine particles move with the atmosphere and directly enter the continental shelf
sea and settle to the seabed (Figure 1). For example, sediments along the southwestern coast of
Taiwan in China contain a large amount of TMPs, mainly from coastal thermal power plants (Horng
et al., 2009). However, overall, there is still a lack of understanding of the characteristics of TMPs
entering the shelf sea and their impact on the sedimentary environment of the shelf sea.

Acolian dust (TMPs)

Figure 1. Schematic diagram of the TMPs aggregation process in the continental shelf sea.

2. Discovery of TMPs

In 1976, scientists discovered a large number of black iron magnetic spherules in the surface
water of the eastern Gulf of Mexico. The study found that these magnetic spherules mainly come
from coal-fired power plants on the eastern border of the Gulf. According to the collection
experiments on the deck, it is estimated that approximately 650000 tons of black magnetic particles
fall from the atmosphere each year. This number is several orders of magnitude higher than the
amount of iron meteorite material falling on the entire Earth. This is the first report on TMPs formed
by industrial activities such as coastal coal burning. It was formerly believed that magnetic spherules
originated from extraterrestrial (cosmic) or volcanic eruptions on Earth (Murray and Renard, 1891;
Del Monte, et al., 1975). The results of this work were published in the journal of “Science” that year
(Doyle et al., 1976).

Therefore, people have also begun to pay attention to the need to distinguish between the natural
and artificial sources of magnetic spherules in sediments. The methods of differentiation generally
include (1) distinguishing their sources on a time scale, for example, the amount of TMPs is several
orders of magnitude higher than the estimated falling speed of iron meteorite materials on the entire
Earth (Doyle et al., 1976), and much higher in quantity and frequency than volcanic eruptions.
Therefore, within the modern century scale, it is generally believed that a large number of magnetic
spherules come from industrial emissions; (2) Its source can be distinguished by morphology,
chemical and mineral composition.

3. Characteristics of magnetic spherules from different sources

TMPs generated by industrial emissions such as coal combustion and road traffic are commonly
found in the atmosphere, land, lakes, estuaries, and nearshore waters of densely populated and
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industrialized regions (Horng et al., 2009; Fomenko et al.,, 2021; Grimley et al., 2021). Magnetic
spherules of cosmic or volcanic origin are generally found in formations with slower sedimentation
rates (Yin et al., 2006; Zhang et al., 2014). For example, magnetic spherules discovered at the boundary
between the Neogene and Quaternary in China's terrestrial loess, dating back approximately 2.43-
2.50 Ma, were formed when an extraterrestrial object collided with the Earth (Yin et al., 2006).

3.1. Morphological features

TMPs produced by coal burning or road traffic in land areas may have different particle sizes,
but their particle size composition mainly ranges from 10 to 50 um, accounting for 63% to 72%;
particle sizes range from 5~10um and <5 um account for 13%~23% and 5-15%, respectively (Zhu et
al., 2004; Kim et al., 2008; Catinon et al., 2014). The magnetic spherules produced by the universe and
volcanoes are relatively large, generally ranging 5um~2mm and mainly being 100~600 um (Yu et al.,
1984; Zhang, 2007).

The TMPs has hardly undergone complex erosion, and various forms of microspheres have been
well preserved. Although all magnetic spherules from different sources undergoes quenching
processes, TMPs contains more crystalline components and complex surface decorations. This is
because TMPs undergo longer periods of high temperature, allowing them enough time to form these
crystals and decorations. The brain like flow pattern structure, grid like crystal pattern structure, pore
structure, nodular protrusion, melting point surface, and mat like structure on the surface of spherical
particles can be observed (Lu et al., 2009; Lu et al., 2016; Teller et al., 2020). The interior of industrial
coal-fired magnetic spherules has solid or cavity structures, but the latter are more common (Grimley
and Arruda, 2007; Tang Liling et al., 2010; Magiera et al., 2011).

Magnetic spherules of cosmic origin often exhibit surface U and V-shaped grooves and cup-
shaped structures formed by impacts (Szr et al., 2001). Magnetic spherules of volcanic origin are more
likely to exhibit elongated or droplet like shapes due to the splashing of low viscosity magma during
the eruption process (Glass et al., 2004). In addition to single-layer structures, some cross-sections of
cosmic origin show two types of structures: single-layer and double-layer. The double-layer structure
has a Ni-Fe core with a high density and forms an eccentric core. Magnetic spherules of volcanic
origin are usually solid (Del Monte et al., 1975).

3.2. Chemical composition

Usually there are higher Ti (>7%) and Fe element content in TMPs. Meanwhile, the most obvious
feature of TMPs is also contain other heavy metal elements such as Hg, Cd, Cr, Zn, Pb, Nji, etc. which
are brought by coal combustion (Lu et al., 2009). Some of these heavy metal elements adsorb on the
surface of TMPs, and some are incorporated into the lattice structure of TMPs (Magiera et al., 2011;
Lu et al,, 2016). When honeycomb coal is burned openly, its fly ash containing TMPs has a higher
content of Zn and Pb, but the Ni content is higher when honeycomb coal is smoldered (Yan et al.,
2018).

The chemical composition of magnetic spherules of cosmic origin has the following
characteristics: 1) The proportion of Fe, Ni, and Co is similar to that of iron meteorites; 2) Containing
Ni and Fe; 3) Containing wustite; 4) The abundance of elements that are rare in the cosmic, such as
Mn, Ti, Cr, etc., is lower. For example, the Ti content is relative lower (0.001~0.5%) in magnetic
spherules of cosmic origin (Xiao and Ouyang, 1984). On the other hand, the difference in the ratio of
elements can also be used to determine the cosmic origin, for example, their Ni/Cu, Cu/Co, and Ni/Fe
ratios need to be within the range of meteorites (Xiao and Ouyang, 1984). However, there are higher
Ti contents (5% to 10%) and magmatic elements (5i, Al, Ca, Ti, Cr) and Mn in magnetic spherules of
volcanic origin (Andronikov et al., 2016).

3.3. Mineral composition

The mineral composition characteristics are one of the important criteria for determining the
origins of magnetic spherules (Sun et al., 2005). The mineral combination of TMPs is commonly found
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in magnetite and magnetite hematite, and may also contain very small amounts of mullite, calcite,
gypsum, quartz, feldspar, amorphous substances, etc. If TMPs are formed after the combustion of
brown coal, the mineral composition is mostly antiferromagnetic hematite and magnetic hematite
due to the lower combustion temperature. The combustion of coke is more likely to produce
magnetite (Magiera et al., 2011; Szuszkiewicz et al., 2015; Bourliva et a., 2017).

The mineral composition of magnetic spherules of cosmic origin is relatively simple, such as the
combination of magnetite and hematite (Zhang et al, 1992), or the combination of magnetite
pyrrhotite meteorite pyrite and hematite (Xiao and Ouyang, 1984). The high content of hematite is an
important indicator of cosmic origin (Zhang Baomin et al., 1992). The main components of cosmic
magnetic spherules in South China Sea boreholes are magnetite and magnetite hematite (Yu et al,,
1984). The most common mineral components of volcanic magnetic spherules are magnetite and
silicates, followed by metallic elements, lacking hematite and a- Fe minerals (Iyer et al., 2007). The
most abundant Fe oxides in technogenic soils (with TMPs) were (i) magnetite with (ii) a few percent
of hematite admixture (both minerals mainly inherited from fresh ash and partly neoformed), and
(iii) low-coercivity maghemite (B1/2 ~ 15-20 mT) which most likely formed by the surface oxidation
of fine magnetite grains inherited from the parent material (Uzarowicz et al., 2021).

3.4. Comprehensive discrimination indicators

From the above discrimination criteria, comprehensive indicators are needed to determine
origins of magnetic spherules. For example, TMPs can be considered. (1) The particle size of the
spherules is generally less than 50 um; (2) High Ti (>7%) content and enrichment of multiple heavy
metal elements (Hg, Cd, Cr, Zn, Pb, Nj, etc.); (3) The combination of mineral components is relatively
complex; (4) It is common and extremely abundant in areas with high human activity.

Everyone agrees that magnetic spherules of cosmic origin need to meet the following criteria: (1)
The ratio of Fe, Ni, and Co needs to be within the range of iron meteorites; (2) Core of spherules
contain Ni and Fe; (3) Containing hematite; (4) Elements that are not abundant in the universe, such
as Mn, Ti, and Cr, have extremely low abundance (Genge et al., 2008; Zhang, 2007).

Magnetic spherules of volcanic origin need to meet the following criteria: (1) The sphere is solid;
(2) High Ti (5-10%) content, enriched in magmatic elements (5i, Al, Ca, Cr) and Mn; (3) Lack of wustite
and a-Fe minerals (Huang et al., 2012).

3.5. Time discrimination indicators

In summary, if there are no extreme natural events, TMPs are often orders of magnitude larger
than natural sources. Therefore, on a time scale of nearly a century, by excluding geological events,
magnetic spherules are generally considered to be sources of human activity. Therefore, by
combining the above indicators and considering the occurrence strata and regions of magnetic
spherules, it is possible to identify the magnetic spherules caused by coal combustion and belongs to
TMPs.

4. Distribution pattern of TMPs

4.1. Surface distribution

The research results of TMPs mainly focus on terrestrial environments. In the study of soil with
severe heavy metal pollution in 13 central cities and their surrounding areas in China, it was found
that the closer the soil samples were to coal-fired factories, the more TMPs there were (Tang Liling et
al.,, 2010). In some cities, there is a pattern where the content of TMPs is higher in industrial areas
than in residential areas, higher in central urban areas than in suburban areas, and higher in old urban
areas than in new urban areas (Tang et al., 2010; Magiera et al., 2016). A study on TMPs in the surface
soil of Luoyang urban area in northwest China found that the closer the area is to power plants and
thermal power plants, the higher the number of TMPs (Lu et al., 2016).

Dust in the streets of Loudi City in China contains TMPs, which have diameter of 40-170 pm and
different surface structures. The TMPs in street dust mainly come from iron smelters, which are
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significantly higher than those in agricultural samples (Zhang et al., 2012). In the central region of
Upper Silesia in southern Poland, there are more TMPs in the soil near the thermal power plant. As
the distance from the thermal power plant increases, the content of TMPs gradually decreases
(Rachwal et al., 2015). This also occurs in the other areas of Poland, for example, areas close to power
and cement plants (Magiera et al., 2013) and iron mine and a nickel smelter (Magiera et al., 2018) have
higher TMPs contents.

There is limited research on the migration and distribution of TMPs in continental shelf seas.
Surface water samples were taken every 1000 meters in the eastern waters of the Gulf of Mexico, and
it was found that a large number of TMPs were mainly from coal-fired power plants on the eastern
border of the Gulf (Doyle et al., 1976). The sediment along the southwestern coast of Taiwan in China
contains TMPs, mainly related to thermal power plants along the coast (Horng et al., 2009). In the
Yellow and Bohai shelf seas, research on aerosols in the eastern shelf seas has found that the total iron
content decreases from north to south, in the order of Bohai>Yellow Sea>East China Sea (Qiu, 2015),
reflecting the transport of source materials to the sea under the influence of the East Asian winter
monsoon. Although there have been no published research results on TMPs in this area, the changes
in total iron content may indirectly reflect the distribution characteristics of TMPs.

4.2. Vertical distribution

The magnetic spherules in ancient sedimentary layers can reflect volcanic eruptions, cosmic
events, etc.. Meanwhile, the change trend of the number of TMPs in shallow sediment layers over
time can indirectly reflect changes in human activities such as industrial development (Sarkar et al.,
2015; Ma et al., 2015; Szuszkiewicz et al., 2016; Magiera et al., 2021). There have also been studies
using this characteristic to determine the sedimentary layers since the Industrial Revolution.

A 6 m sediment core was taken from Lake Crummock in the northwest of the UK, and research
found that TMPs in lake sediments increased from about 30 particles per gram to about 2000 particles
per gram before and after the Industrial Revolution, clarifying the time limit of 1900 in sediment
(McLean, 1991). In the sediment of Michigan Lake, it was found that the content of TMPs in the upper
few centimeters of sediment could even reach 50%, while in the sediment at a depth of 20 cm, which
was 1800 years ago, there were almost no TMPs (Locke and Bertine, 1986).

The changes in the number of TMPs in lake sediment can be traced back to different stages of
the Industrial Revolution in the UK since 1850, such as the steam engine era (1850-1950s), the coal-
fired power plant era (1900-1970s), and the coal burning records of the household coal-fired era,
where the peak coal consumption corresponds to the peak TMPs content. The content of TMPs
rapidly decreased after 1960, mainly due to the enactment of laws to control coal combustion and the
use of other alternative energy sources at that time. This example also illustrates that the distribution
of TMPs is influenced by coal consumption and policies (Locke and Bertine, 1986).

In the soil profile of Baoshan area of Shanghai in China, it was found that the upper 20 cm of soil
contains a large number of TMPs (40-125 pum), but soil samples below 20 cm have fewer TMPs (Wang
et al., 2013). TMPs produced by coal combustion have also been found in coastal sediments, such as
in sediments along the southwestern coast of Taiwan, where the vertical contents of TMPs in
sediment core change, documenting the rapid development of the coal-fired industry near
southwestern Taiwan (Horng et al., 2009).

5. The impact of TMPs on the marine sedimentary environment

5.1. Impact on magnetic signals of marine sediments

The mechanism of residual magnetism acquisition in marine sediments and the disturbance
changes of magnetic recording signals are important foundations for environmental magnetic
research. Due to the presence of various magnetic minerals from different sources in marine
sediments and the influence of physical and chemical processes, complex changes in sediment
magnetic records can occur. Especially in the marine sedimentary layers affected by human activities,
the influence of TMPs on sediment magnetic signals has been less considered. In fact, due to the
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presence of a large amount of iron oxide (FesOs) in TMPs, TMPs themselves have strong magnetism.
If the amount of TMPs is large, it will have a significant impact on the magnetic signal of sediments
(Locke and Bertine, 1986; Tang et al., 2010 Magiera et al., 2023).

In terrestrial environments, studies have found that wind dust, soil, and sediment rich in
magnetic spherules generally have high magnetic susceptibility, so magnetic susceptibility is often
used to represent the content of magnetic spherules. For example, in the suburbs of Luoyang of
China, the magnetic susceptibility of soil rich in TMPs ( (400-3500) x 10 m3kg™) is about 5-10 times
the magnetic susceptibility of general soil (average 118.6 x 10 m3kg™) (Lu et al., 2016). The white
grass and wood ash generated by high-temperature combustion has a high magnetic susceptibility
of about 200x10®¥ m*kg! due to the existence of TMPs formed during combustion. Meanwhile, the
black grass and wood ash formed by low-temperature combustion does not contain TMPs, with a
magnetic susceptibility of about (20-40) x 10 m3kg! (Menshikova et al., 2020). Kim et al. (2008) found
that outdoor building roof samples collected in Seoul, South Korea had higher magnetic susceptibility
and more magnetic components than the Chinese loess samples, which were thought the source of
roof samples. They believed that this was the result of wind dust mixing into a large amount of TMPs
during transportation through industrial areas.

In the sediment of Lake Michigan in the United States, it was found that the content of TMPs
was high in the upper several centimeters of sediment. However, below a depth of 20 cm, which was
1800 years ago, there were almost no TMPs in the sediment. This resulted an increase in magnetic
properties in shallow sediments and a decrease in magnetic properties in lower sediments (Locke
and Bertine, 1986). A study on the vertical magnetic profile of soil in Baoshan area of Shanghai found
that the upper 20 cm of soil contains a large number of TMPs, but soil samples below 20 cm have
fewer magnetic spherical particles, with an average magnetization of about 120x10¥m3kg from the
upper section to approximately 12x10% m3kg? of the lower section (Wang et al., 2013). Within a
sediment thickness of about 50 cm in the soil layer near urban thermal power plants, magnetism
decreases from the surface layer downwards, which is related to the lower content of TMPs in the
lower layer (Tang et al., 2010).

In nearshore sedimentary areas, such as the southwestern sea area of Taiwan, researchers found
TMPs in four core samples (around 30cm each core), with the maximum number of TMPs
corresponding to their peak magnetic parameters. Researchers believe that the number of TMPs is
mainly controlled by the atmospheric emissions from heavy industry production in southwestern
Taiwan (Horng et al., 2009).

The magnetic susceptibility of sediment (x) can reflect the number of TMPs and the ratio
parameter xarm/X can also reflect the particle size of TMPs, with smaller values indicating larger
particle sizes (Jordanova et al., 2006, Horng et al., 2009). The Hard Isothermal Residual Magnetism
(HIRM) indicates the content of hematite in TMPs. For example, in southwestern Taiwan, before the
large-scale outbreak of industrial production, the magnetic minerals in sediments entering nearby
shallow waters were mainly magnetite and pyrrhotite. However, after the large-scale industrial
production began, the magnetic minerals were mainly spherical magnetite and hematite caused by
coal combustion (Horng et al., 2009).

During the study of the topsoil samples in the vicinity of 4 European iron- and steelworks
(Poland, Norway, and Czech Republic), it is found that the TMP produced by the iron and steel
metallurgy had relatively narrow ranges of magnetic parameters (saturation ratio Mrs/Ms, <0.15,
coercivity ratio Ber/Be 2.5-6.0 and saturation to susceptibility ratio Mrs/x 3.5-15). These magnetic
parameters may be indicative for TMPs and helpful in the study of pollution sources in topsoil in
urban and post-industrial areas (Magiera et al., 2021).

5.2. Impact on heavy metal enrichment in sediments

When the TMPs are discharged into the air, a portion of them settle on land and merge into
rivers into the continental shelf and sea, and part of them enter the continental shelf and sea directly
through wind transport in the atmosphere. The heavy metal elements carried during the formation
process of these TMPs can be incorporated into the lattice structure of magnetic particles or adsorbed
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onto their surfaces (Lu et al., 2016; Kelepertzis et al., 2019), causing an enrichment of heavy metal
content in sediment in the settling zone. TMPs can also lose stability under extreme conditions,
releasing heavy metals and polluting the sedimentary environment, thus also having a significant
impact on the marine ecological environment here (Lu et al., 2009).

In the area of Brynica River basin of the southern Poland, historical TMPs resulting from
exploitation, processing, and smelting of iron, silver, and lead ores were accumulated in the soil layer
at the depth 10 to 25 cm, which also show the magnetic peak. Thus the magnetic peak is consistent
with the presence of charcoal and pollution from heavy metals, such as Ag, Cd, Cu, Fe, Pb, or Sn
(Magiera et al., 2016)

In the study of soil, road, and house dust in heavy industrial areas of Greece, it was found that
there are many TMPs in the samples, usually containing certain amounts of Cr, Cu, Mn, Pb, and Zn,
which may come from emissions from steel plants. A study on dust from 43 houses in the most
populous city of Athens, Greece, also found the widespread presence of TMPs. The EF values of Cd,
Cu, Zn, and Pb in the samples are all higher than 5, indicating a correlation with human activities
(Kelepertzis et al., 2019; 2021). In the study of road sediments in Indiana, the presence of TMPs was
found, with most particles containing high concentrations of Ca, Si, Fe, and Mn. The geological
accumulation indexes of Cr, Mn, and Zn in the samples are all >1, and the enrichment factor is >4,
indicating the generation of anthropogenic pollution sources. The concentration of Mn is particularly
high, with a hazard index >1, which may have an impact on the growth of children in the region
(Dietrich et al., 2019).

In the study of the characteristics of street dust in typical rapidly developing industrial cities in
Loudi City, Hunan Province of China, it was found that the dust samples contained TMPs, mainly
from iron smelting plants. There is a significant positive correlation between contents of Co. Fe.
Mo and magnetic parameters (Ms, SIRM, x), which indicate that Co, Fe, Mo and TMPs are
homologous. Meanwhile, the pollution levels of heavy metals Fe, Pb, Zn, Cu, V, Mo, Cd, Ni, Co, Be,
and Cr are high and moderate (Zhang et al., 2012). In the surface soil of Delhi, India, it is found that
the concentration of TMPs not only reflects the degree of magnetic pollutants in cities, but also reflects
the concentration of heavy metals in cities (Meena et al., 2011).

5.3. Contribution to active iron

The TMPs not only carry heavy metals but also iron oxides into the ocean. Therefore, after TMPs
enter the ocean, a portion of them will enter the early diagenesis process driven by organic matter
degradation as sediment accumulates. The divalent iron ions (Fe (II), a part of active iron, Mortimer
et al., 1999) produced by the reduction of iron oxides by organic matter will migrate upwards and
downwards, often stimulating algal blooms and leading to negative ocean carbon emissions (Zhao et
al., 2018; Vosteen et al., 2022).

Research has found that Fe (II) is commonly present in estuarine and shelf surface sediments. In
studies of active iron in multiple marginal seas, it was found that 25-62% of highly active organic
complex Fe (III) enters shelf sediments through flocculation or precipitation and is rapidly reduced
to Fe (II), which is four times higher than that of deep-sea sediments (Barber et al., 2017; Xiao et al,,
2019). The surface sediments of the South Yellow Sea and the southern Bohai Sea in China are both
highly active iron zones (Tao et al., 2017; Song Jinming and Li Pengcheng, 1996). TMPs also
distributed in the shallow surface of sediments, contain a large amount of iron oxides, and their
contribution to the active iron content here needs further research.

6. Existing problems and future development

In summary, although a lot of work has been done on the properties and environmental
pollution of TMPs in terrestrial environments, research on the characteristics and distribution of
TMPs in continental shelf seas, as well as sedimentary environmental effects, is still weak. There is
still a lack of understanding of the impact of TMPs on the magnetic signals, heavy metals, and active
iron content of sediments after entering continental shelf seas. Therefore, for the study of TMPs in
continental shelf seas, attention should be paid to the following aspects:
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Firstly, due to the long-distance transportation of magnetic particles reaching the continental
shelf sea, their morphological characteristics should be different from the land environment near
thermal power plants. For example, the size of TMPs should smaller than those in the terrestrial
environments due to the long distance transportation. Therefore, it is necessary to understand the
basic characteristics and distribution pattern of TMPs in the continental shelf sea;

Secondly, due to the fact that the TMPs in modern sediments mainly come from industrial coal
combustion and are typical artificial products, the sedimentary layers and boundaries since the
Industrial Revolution can be well determined in the vertical distribution of continental shelf seas.
Therefore, TMPs can be combined with other dating methods to determine the history of human
activities on continental shelf seas;

The third is the impact of TMPs in continental shelf and marine sediments on the sedimentary
environment, including their contribution to the magnetic properties of the sediment, the impact of
heavy metal pollution, and the contribution of active iron.

Overall, the study of the characteristics of TMPs in shelf seas and their impact on the
environment will provide a new perspective to understand the impact of human activities on the
sedimentary environment of shelf seas, and provide targeted theoretical support for the
improvement and management of offshore environment.
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