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Abstract: Fluorine naturally occurs in soil and rocks; however, concerns arise when human activities 
or specific compounds increase its levels or bioavailability. South Korea faces challenges in 
managing soil fluorine contamination even though existing regulations based on total fluorine 
content are stricter than those in many developed countries. However, these regulations can be 
economically impractical because of Korea's naturally high background levels of fluorine in the soil. 
This study examined the international landscape of soil fluorine management and explored 
potential solutions that balance environmental protection with economic considerations. We 
propose a shift towards regulating specific and harmful fluorine compounds and prioritizing 
remediation based on bioavailability assessments. This approach can guide Korea towards a more 
effective and sustainable strategy for managing soil fluorine contamination. 
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1. Introduction

Fluorine is the 13th most abundant element in the Earth’s crust and has high reactivity and 
electronegativity [1,2]. The main minerals containing fluorine include fluorite (CaF2), cryolite 
(Na3ALF6), apatite (Ca5(PO4)3(OH,F,Cl), topaz (AL2(SO4)F2), amphibole species, and mica species. 
There is also a mineral called Griceite that is extremely rare but contains 73 % fluorine [3]. 

Natural fluorine, contained in minerals, is mostly insoluble in water, very stable with little 
chemical reactivity and virtually no effect on the human body or ecosystems. Fluorine in soil can 
enter the atmosphere or water bodies through natural pathways, such as weathering, volcanic 
activity, marine aerosol emissions, and anthropogenic pathways, including the production and 
application of phosphate fertilizers, brickmaking, coal combustion, and aluminum smelting [4].  

Fluorine plays an important role in teeth and gum health when used in trace amounts. It 
prevents tooth dissolution and inhibits bacterial growth in the oral cavity, thereby preventing 
periodontal diseases or cavities, supplementing minerals in teeth, and promoting re-mineralization 
processes [5]. However, if water contaminated with fluorine is continuously and repeatedly 
consumed over a long period, white spots may occur on the teeth or the skeleton may become 
deformed. The fluorine limit for human consumption in drinking water is 1.5 ppm [6]; therefore, a 
water quality test for fluorine is necessary before groundwater can be used as drinking water. 

In September 2023, the Korean government proposed revising soil fluorine management 
standards to the Ministry of Environment. The goal was to align these standards with international 
practices while ensuring the protection of public health and ecosystems. This revision could 
potentially lead to stricter regulations compared to some developed countries. The Ministry of 
Environment, in collaboration with the National Institute of Environmental Research, is currently 
conducting research to assess the need to adjust soil fluorine remediation standards and address any 
potential inconsistencies. However, this proposal has sparked debate among academics and soil 
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remediation companies and raises concerns about relaxing regulations without a thorough scientific 
understanding of the specific risks posed by naturally occurring soil-bound fluorine in Korea. Their 
question—"Is easing soil fluorine contamination standards truly in the best interests of the Korean 
people?" serves as the core motivation of this study. 

To address this question, we first reviewed the existing literature to explore the sources and 
behavior of fluorine in the soil. Subsequently, we summarized the current challenges surrounding 
soil fluorine management in Korea. Next, we examined the approaches adopted by various countries 
to regulate soil fluorine content. Finally, by drawing on this comprehensive analysis, we offer a 
perspective on an optional path for managing soil fluorine contamination in Korea.   

2. Origin and Sources of Fluorine 

2.1. Natural Sources 

Although present in some rock-forming minerals such as fluorite and apatite, the most prevalent 
occurrence of fluorine within the Earth's lithosphere is in hydroxysilicate minerals. In these minerals, 
flourine replaces hydroxyl (OH) sites within the crystal lattice structure [4]. Fluorine is naturally 
derived from rock-forming minerals through weathering processes, wind-blown dust, marine-
derived components, natural biomass burning, and volcanic activity. 

2.1.1. Weathering 

Weathering is a major natural pathway for fluorine in soil profiles [7,8]. Weathering is very 
complicated as it is controlled by a series of intricate processes, such as adsorption-desorption and 
dissolution–precipitation. As granite massifs break down, fluorine is readily released at the start of 
the weathering process [9]; however, in the uppermost layer of the weathered profile, there is a slight 
increase in fluorine content. While the fluorine in apatite remains stable, the fluorine originating from 
mica swiftly leaches out. If present, fluorite slowly dissolves due to the movement of water. Soil 
profiles typically exhibit a decrease in fluorine content as the distance from the original rock increases 
[10], with the majority of the fluorine in clastic sedimentary rocks found in their micaceous 
components [11]. Specifically, argillic limestone has an average fluorine content of 200 ppm, whereas 
its micaceous residue averages 800 ppm [11]. 

Fluorine-to-OH exchange in clay minerals depends on interactions with various factors, 
including the fluorine concentration, circulating water pH, and specific clay minerals [12]. For 
example, dioctahedral and trioctahedral illite can adsorb fluorine via OH–to–F replacements. 
Fluorine is readily adsorbed onto clay structures in acidic environments, whereas it readily desorbs 
in alkaline environments [12]. Rock weathering releases fluorine, some of which is adsorbed by clay 
in the surrounding water [13]. The overall soil fluorine content varies depending on the composition 
and fluorine levels of the parent rocks, with the average fluorine content ranging from 90 to 980 
mg/kg [14]. Recent studies have reported fluorine content in soils worldwide of 321 mg/kg and 557 
mg/kg in the continental crust [15,16].  

Organic matter decomposition is a key source of fluorine in warm and humid climate soils. In 
acidic soils, fluorine can easily leach away, whereas in organic matter, it may accumulate and prevent 
leaching. Similarly, in permafrost regions, decomposing plants release fluorine into the water, 
exhibiting comparable behavior. Climate also plays an important role in fluorine mobility. The higher 
calcium content in arid regions restricts the movement of fluorine, while in semi-arid areas, such as 
India, surface and groundwater chemistry dictates fluorine migration. The dry season limits fluorine 
movement owing to high calcium and low dissolved solids. In contrast, the post-monsoon season has 
increased mobility owing to lower calcium and higher ionic strength in the water [17,18]. 

2.1.2. Volcanic Activity 

Volcanic activity releases considerable amounts of fluorine into the environment, primarily as 
hydrogen fluoride (HF) gas [15,19]. Most fluorine release (>90 %) occurs during inactive periods 
(degassing) rather than during eruptions [20]. Volcanic ash traps and transports fluorine, impacting 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 June 2024                   doi:10.20944/preprints202406.1403.v1

https://doi.org/10.20944/preprints202406.1403.v1


 3 

 

areas beyond the immediate eruption zone. The effect of fluorine-rich volcanic emissions on drinking 
water and food sources is a major concern. Fluorine dissolves from ash in water and soil, potentially 
exceeding safe limits for human and animal consumption [21,22]. Animals grazing on fluorine-
contaminated vegetation can develop chronic fluorosis, a debilitating condition affecting the bones 
and teeth [23,24]. 

Historical accounts also detail the devastating impact of volcanic fluorine on livestock 
populations, such as the mass die-off following the 1783 to 1784 Laki eruption in Iceland which 
released an estimated 7 million tons of HF, causing widespread fluorosis and crop failure due to HF 
phytotoxicity [25]. Volcanic fluorine enrichment has also been documented in surface and 
groundwater sources [26] where volcanic ash leachate can contain high levels of soluble fluorine and 
contaminate water supplies. Human populations living near volcanoes often rely on fluorine-
enriched water sources, leading to dental fluorosis [27]. 

Volcanoes have been suggested as the primary source of atmospheric fluorine, with estimates 
ranging from 0.06 to 8.6 million tons annually [2]. However, recent studies have questioned these 
estimates, suggesting that they may have been overestimated. Although volcanic fluorine emissions 
are considerable, they may not be as high as previously thought. In addition, although several 
researchers have suggested that we need to prepare for possible volcanic eruptions around the Mount 
Baekdu region in the near future [28], almost no marked volcanic activity has occurred on the Korean 
Peninsula during the last 1000 years.   

2.1.3. Marine-Derived Components 

Marine aerosol and spray contirbutions to atmospheric fluorine and its geochemical cycle have 
been debated. Friend [29] proposed a considerable marine flux of fluorine to the atmosphere, 
estimated at 0.4 to 1 Mt annually and second only to volcanic emissions. Taverner and Clark [2] 
suggested values between 1 and 2 Mt, while other authors proposed a lower flux of 20,000 t. The 
mean seawater fluorine content is 1.3 mg/L, with marine-derived fluorine considered crucial in the 
hydrogeochemical fluorine cycle. Sugawara [30] and Carpenter [31] suggested seawater is a major 
source of fluorine in global precipitation. Fluorine emissions from seawater include gaseous HF, with 
F/Cl ratios in precipitation being 10–1000 times higher than those in seawater [31,32]. However, 
Wilkniss and Bressan [33] found no preferential fluorine enrichment in marine aerosols and 
attributed elevated fluorine levels to dust content. Barnard and Nordstrom [34] found no marked 
difference in fluorine content between coastal and inland rainfall, suggesting anthropogenic fluorine 
sources in rainwater. De Angelis and Legrand [35] and Saether et al. [36] reported minimal marine-
derived fluorine in ice and precipitation samples, respectively. 

In contrast, Linder and Frysinger [37] and Lewandowska et al. [38] suggested that coastal rainfall 
and marine-derived aerosols are enriched in F-, correlating with the Na content. Some areas—such 
as in mid-Wales and coastal soils in Victoria, Australia—show fluorine enrichment, possibly from 
marine sources [39]. Overall, despite conflicting evidence, marine-derived fluorine contributions to 
the atmosphere appear to be relatively small compared to those of volcanic and anthropogenic 
sources. Although it may influence coastal rainfall, runoff, and soil chemistry, its impact is likely 
limited to areas within 10–20 km inland. 

2.1.4. Other Minor Sources 

Fluorine release into the atmosphere is not solely attributed to major natural sources, such as 
volcanic eruptions and marine-derived components; minor sources also play an important role. 
Wind-blown soil, as proposed by Weinstein [3], contributes substantially to atmospheric fluorine 
content. Approximately 6,000 tons of fluorine are added to the atmosphere annually in the USA 
owing to the wind-induced removal of ~30 million tons of soil. Analytical data from ice cores in 
Greenland[35] and the Alps[40] indicate that wind-blown dust originating from soil was the primary 
source of atmospherically deposited fluorine before 1930. Despite anthropogenic activities 
dominating fluorine sources from the 1930s to 1980, wind-blown dust still accounted for 18 ± 2 % of 
the fluorine in ice cores from the Alps between 1980 and 2000.  
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Biomass burning, whether from natural processes or human actions such as agricultural 
practices and accidental fires, also contributes to atmospheric fluorine release. Although most 
biomass fires are anthropogenic, natural fires—although less frequent—can destroy large areas of 
vegetation. De Angelis and Legrand [35] found elevated fluorine concentrations from biomass 
burning at high latitudes such as the Greenland ice caps, whereas Lewandowska et al. [38] identified 
biomass burning as a fluorine source in PM10 aerosols in the Baltic Sea area of Poland. Jayarathne et 
al. [41] investigated the extent of fluorine emissions from biomass burning and found considerable 
amounts of fine particulates (PM2.5) containing fluorine; however, the degree of fluorine release 
varied with plant type and geographic distribution. Additionally, these authors estimated an annual 
release of 76,000 tons of fluorine from biomass burning, which is comparable to that from coal 
combustion. These minor sources, although individually smaller than major sources, collectively 
contribute substantially to atmospheric fluorine levels, highlighting the diverse nature of fluorine 
emission sources and their environmental impacts. 

2.2. Anthropogenic Sources 

Fluorine is also derived from anthropogenic sources. Emissions from industries—such as 
semiconductor manufacturing, steel production, aluminum smelting, and the production of glass, 
bricks, phosphate fertilizers, and items through electroplating processes—are important 
anthropogenic contributors to soil fluorine contamination [42]. 

2.2.1. Coal Combustion 

Coal combustion has long been recognized as a marked source of anthropogenic fluorine 
emissions [3]. Fluorine is considered one of the most hazardous substances released during coal 
combustion [43]. The average global fluorine content of coal is ~88 mg/kg [44], a substantial portion 
of which is released into the atmosphere during combustion. Chen et al. [45] suggest that nearly 80 
% of the fluorine present in coal is released in both gaseous and particulate forms at temperatures 
around 800 °C, with complete release occurring at even higher temperatures of 1100–1200 °C [46]. 

Numerous studies have highlighted the environmental consequences of fluorine emissions from 
coal combustion, including pollution, plant damage, and fluorosis in animals and humans. For 
instance, emissions from coal-fired power stations have been identified as the largest individual 
source of atmospheric fluorine in Australia, resulting in documented impacts on vegetation [47,48]. 
Similarly, fluorosis has been observed in grazing animals near coal-fired power stations in the UK 
[48], and sheep near the Yatağan coal-fired power station in Turkey [49]. In Europe, studies have 
shown instances of fluorosis in wildlife, attributable to emissions from coal-fired power stations, 
particularly in regions such as the northwest Czech Republic [50,51] 

As a major producer and consumer of coal, China faces acute challenges related to the fluorine 
emissions from coal combustion. Chinese coal contains an average fluorine content of 130 mg/kg, 
with certain regions such as Guizhou Province exhibiting notably higher concentrations [52,53]. The 
health effects of fluorine emissions are pronounced in China, where cases of fluorosis resulting from 
indoor coal combustion have been reported [52]. Dental and skeletal fluorosis have been documented 
in several Chinese provinces, affecting millions of people [54–56]. Exposure to fluorine is attributed 
to various sources, including burning coal in open stoves for food preservation and direct inhalation 
[52,54]. 

In addition to direct combustion emissions, coal waste is a considerable source of environmental 
fluorine contamination. Gao et al. [57] found high concentrations of fluorine in coal waste in China, 
with soils near waste sites exhibiting elevated levels compared with background levels. The 
spontaneous combustion of coal spoil heaps further contributes to atmospheric fluorine pollution, 
potentially accounting for a substantial portion of fluorine emissions in China [57]. While most 
fluorine is released into the atmosphere during combustion, some is retained in the fly ash collected 
from power plant emissions. Although fly ash typically contains relatively low fluorine 
concentrations, its disposal in lagoons raises concerns regarding potential groundwater 
contamination [58]. 
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Overall, coal combustion has emerged as a major anthropogenic source of atmospheric fluorine 
with considerable environmental and health implications. Despite efforts to mitigate these emissions, 
the scale of fluorine release underscores the importance of continued research and regulatory 
measures to address this global challenge. In South Korea, currently 58 coal-fired power plants 
(36,868.7 MW) operate at 14 sites. As of 2022, coal-fired power generation will account for 39.7 % of 
the total power generation, making it the most notable source of electricity generation [59]. 

2.2.2. Brick and Ceramic Manufacturing 

The production of bricks and ceramics, essential building materials, has a hidden environmental 
cost associated with fluorine emissions [3,60]. Both brick and ceramic manufacturing involve high-
temperature roasting of clays and clay-rich rocks, typically exceeding 900 °C [61]. These clays 
naturally contain fluorine housed in minerals such as micas [62]. During the roasting process, a 
considerable portion of fluorine is released into the atmosphere, primarily as HF and silicon 
tetrafluoride (SiF4) [60]. Studies by Bonvicini et al. [62] and Xie et al. [63] suggest that 80 % or more 
of the fluorine present in the initial clay can be volatilized during firing. 

Fluorine emissions have become particularly concerning in developing countries experiencing 
rapid urbanization. The surge in demand for bricks often leads to the expansion of poorly regulated 
artisanal brickmaking practices [64,65]. These facilities, frequently located near urban areas [66], 
contribute notably to atmospheric fluorine pollution. Ahmed et al. [66] exemplified this problem in 
Peshawar, Pakistan, highlighting the presence of hundreds of brick kilns operating near the city. The 
resulting fluorine emissions were linked to the damage observed in fruit trees and substantial 
reductions in bean and maize crop yields [66,67]. 

Estimating the global impact of fluorine emissions from brickmaking requires consideration of 
the production volume and clay composition. Based on industry estimates [68], manufacturing 1,000 
bricks requires ~3 tons of clay. Global brick production in 2010—concentrated in Asia with China, 
India, Pakistan, and Bangladesh leading the way—was estimated at 1,500 billion bricks, [69]. 
Assuming an average clay fluorine content of 500 mg/kg (a range of 450–800 mg/kg;[70],[63]), and 
considering the 80 % emission rate suggested by previous studies, we can estimate an annual release 
of ~1.8 million tons of fluorine from brick production alone. This figure indicates the contribution of 
coal combustion, traditionally considered a major source of anthropogenic atmospheric fluorine [70].  

The ceramic industry, which also relies on high-temperature clay firing to produce tiles and 
other products, faces similar challenges regarding fluorine emissions. Research by Bonvicini et al. 
[62] in Italy suggests considerable fluorine emissions from ceramic tile production, although it likely 
represents only a portion of the impact of the global ceramic industry due to a lack of data on other 
ceramic products, such as sanitary ware. The information compiled from these references indicates 
that brick and ceramic manufacturing, particularly in developing countries, poses a considerable 
threat of fluorine air pollution which can have detrimental effects on vegetation and crop yields, as 
evidenced by a study in Pakistan [66]. The adoption of cleaner technologies in these industries is 
crucial for mitigating environmental impacts and protecting public health. 

2.2.3. Fluorine Emissions from Aluminum Smelting 

Aluminum production relies on the Hall–Héroult process, which releases fluorine into the 
atmosphere, and although there has been much progress in reducing fluorine emissions, continued 
monitoring and technological advancements are crucial for minimizing environmental and ecological 
impacts. This summary explores the challenges and advancements in the management of fluorine 
emissions from the aluminum smelting industry [71–74].  

During the electrolytic process that produces aluminum from aluminum oxide, fluorine is 
released in both gaseous (mainly HF) and particulate forms [74]. In the mid-20th century, the rapid 
growth in aluminum production led to severe fluorine pollution near smelters, resulting in ecological 
damage and health issues in livestock and wildlife [75–77]. The industry has responded by adopting 
cleaner technologies, particularly wet scrubbing systems, which have considerably reduced 
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emissions [78,79]. Estimates suggest that modern smelters can emit as little as 15–30 kg of fluorine 
per ton of aluminum produced, with scrubbing further reducing this to <300 g per ton [71]. 

Despite these advances, fluorine emissions from aluminum smelters can still impact 
surrounding ecosystems. Rodriguez et al. [80,81] and Talovskaya et al. [81] documented elevated 
fluorine concentrations in vegetation and snowmelt water near smelters, highlighting their potential 
for long-distance transport. Hufschmidt et al. [82] and Kierdorf et al. [83] identified skeletal and 
dental fluorosis in kangaroos near an Australian smelter, indicating the potential health risks to 
wildlife. Global aluminum production is expected to reached 70.6 million tons by 2023 [74],, and 
assuming most smelters limit fluorine emissions to 0.5–0.6 kg/ton of aluminum [71], an estimated 
release of 35,300–42,400 tons of fluorine annually is expected. However, data from World Aluminum 
[74] suggest a slightly higher emission intensity, potentially leading to an annual release >45,000 tons 
[41]. 

2.2.4. Fluoride Release during Phosphate Fertilizer Production 

This section discusses the environmental impact of fluoride released during the production of 
phosphoric acid—a key ingredient in fertilizers—which poses a potential environmental threat due 
to fluoride emissions. 

Phosphoric acid is primarily manufactured from phosphate rock—a mineral rich in apatite—
using wet and thermal processes [3,84]. The dominant method, accounting for 90 % of global fertilizer 
production, is the wet process, which utilizes sulfuric acid to extract the phosphoric acid from rock 
[85]. Phosphate rocks naturally contain large amounts of fluoride, typically between 2–4 % [86]. 
During the wet process, a large portion of this fluoride is converted to gaseous HF and SiF4 [3]. 
Although modern plants have implemented scrubbing systems to capture >99 % of these fluoride-
containing compounds [86], some emissions still occur. Studies on fertilizer plants in Brazil and 
Tunisia have highlighted this issue, with elevated fluoride concentrations reported in rainwater, 
groundwater, and nearby vegetation [87,88]. 

Another concern is the production of waste phosphogypsum, a byproduct of the wet process 
that contains calcium sulfate. Large quantities of phosphogypsum are stored in ponds, which can 
also contribute to fluoride contamination [84,86] as phosphogypsum contains fluoride, and the water 
in these ponds has high fluoride concentrations [3,85]. Leakage from ponds or windblown particles 
can further contribute to the dispersion of fluoride in the environment. Fluoride released from 
fertilizer production can travel through the air and contaminate the soil in surrounding areas. For 
example, studies in Turkey have identified elevated fluoride levels in soils near fertilizer production 
facilities, likely due to atmospheric transport from phosphogypsum storage [89]. 

Appropriate levels of fluoride are beneficial to dental health; however, excessive intake can lead 
to dental fluorosis, a condition that causes tooth discoloration and weakening. Tanouayi et al. [90] 
reported endemic dental fluorosis in a community near a phosphate mine in Togo, highlighting the 
potential health risks associated with fluoride contamination from mining activities. The global 
demand for phosphate rock for fertilizer production is considerable, with an estimated 263 million 
tons extracted in 2017 [91]. Assuming an average fluoride content of 3 % in the rock and 10–15 % 
volatilization during wet processing, a potential release of 0.694–1.04 million tons of fluoride could 
occur. However, these estimates only consider gaseous emissions from the acidification stage and do 
not account for particulates or releases from phosphogypsum storage. The existing literature suggests 
higher release figures, with Jayarthne et al. [41] estimating combined gaseous and particulate fluoride 
emissions of 28,000 tons annually. 

Although modern scrubbing systems have markedly reduced gaseous emissions, concerns 
remain regarding particulate matter, phosphogypsum storage, and the overall impact on local 
ecosystems and human health. Further research and stricter regulations are required to ensure 
sustainable practices in the fertilizer industry, minimize fluoride release, and safeguard the 
environment and public health. 

2.2.5. Fluorde Contamination by Various Industrial Sources 
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In this section, various industrial activities that contribute to fluoride contamination of the 
environment are discussed. 

Mining and waste management 
Past and present fluorite mining activities pose a considerable threat in terms of fluoride 

contamination. Studies in the United Kingdom have documented extremely high soil and vegetation 
fluoride levels near abandoned fluorite mines and waste piles. Fuge and Andrews [92] reported soil 
fluoride concentrations >2 % near mines in northern England and Wales. Vegetation growing at these 
sites also accumulates high fluoride levels, with Cooke et al. [93] finding concentrations up to 1 % in 
plants from the Peak District of England. Elevated fluoride levels have been linked to dental fluorosis 
in grazing animals [94]. Similar environmental concerns exist around china-clay extraction sites in 
Cornwall, where fluoride-rich tailings contaminate nearby soils, plants, and waterways [92]. 

Fluoride in steel production 
Fluorite is used as a flux in steelmaking, and during this process, fluoride is released as HF and 

SiF4 gases [95]. Although a large portion of fluoride remains trapped in the slag by-product [96], 
historical accounts mention instances of fluoride-related environmental problems near steel plants, 
including animal fluorosis [97]. However, modern steelmaking practices are likely to result in 
minimal atmospheric fluoride emissions, owing to advancements in pollution control technologies 
[3]. 

Glass and other industries 
While glass and enamel industries have historically contributed to environmental fluoride 

contamination through HF emissions during production [95], the implementation of efficient 
scrubbing systems in developed countries has notably reduced this [3]. Additionally, the relatively 
small amount of fluorite used in these industries—compared to steelmaking—minimizes the overall 
impact [98]. 

Fluorocarbons and emerging sources 
Hydrofluoric acid is used in various industries including the production of fluorocarbons and 

semiconductors. Weinstein and Davidson [3] estimated that the semiconductor industry in the USA 
released ~32 tons of hydrofluoric acid annually during the 1990s. Furthermore, it is used as a catalyst 
in the petroleum industry, and Lewandowska et al. [38] suggested that fluoride(F<- will be deleted 
on our final manuscript) may be emitted from vehicle exhaust fumes because of its presence in fuels. 

2.2.6. Agricultural Sources  

Agricultural practices—such as fertilizer application, sewage sludge disposal, and the use of 
certain agrochemicals—contribute to environmental fluoride contamination. Although fluoride from 
fertilizers is generally not readily absorbed by plants, it can pose a threat to grazing animals and 
potentially contaminate groundwater. Stricter regulations and monitoring of fluoride levels in 
agricultural inputs and practices are crucial for minimizing environmental fluoride contamination 
and protecting animal and human health. 

Fluoride in phosphate fertilizers 
As discussed in the previous section, phosphate fertilizers—a major source of phosphorus for 

plants—are manufactured from phosphate rock that naturally contains fluoride. During fertilizer 
production, some fluoride is lost as gas, whereas others remain in the final product [86]. Studies in 
India suggest that between 3 and 75 % of the original fluoride in phosphate rock remains in fertilizers 
[99]. Furthermore, practices such as adding scrubbed HF gas back into the fertilizer during processing 
can further increase the fluoride content [42]. 

When applied to the soil, fluoride from fertilizers is strongly bound to clay minerals and oxides, 
thereby limiting its uptake by plants. However, long-term application of phosphate fertilizers can 
lead to soil fluoride accumulation [100,101], raising concerns about the potential fluoride intake by 
grazing animals through the ingestion of contaminated soil [42,101,102]. Considering the large 
amounts of phosphate rock used for fertilizer production [91] and the range of fluoride content in 
fertilizers (0.14–3.8 wt%), estimates suggest an annual addition of at least 2.3 million tons of fluoride 
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to agricultural soils globally. Although fertilizer-derived fluoride is largely unavailable for plant 
uptake, it poses a potential threat to grazing animals through soil ingestion. 

Groundwater contamination risks 
In some cases, fluoride from fertilizers can migrate from soil into groundwater, particularly 

under alkaline conditions [103]. Studies in India and Pakistan have reported elevated fluoride levels 
in groundwater from areas with extensive use of phosphate fertilizers [104,105]. 

Other agricultural fluoride sources 
The application of sewage sludge to agricultural land is another fluoride source. Sewage sludge 

can contain fluoride from various sources, including industrial wastewater, fluoridated drinking 
water, toothpaste, and medications [16]. Regulations typically limit the fluoride content of sludge 
applied to land (e.g., 200 mg/kg in the United Kingdom), but fluoride from sludge is likely to be more 
bioavailable than that from fertilizers [106]. 

Organofluorine-based agrochemicals, including insecticides, fungicides, and herbicides, are 
widely used in agriculture [107]. These compounds are persistent and resistant to degradation, 
raising concerns regarding their potential accumulation in soil and water resources [108]. Irrigation 
with fluorine-rich groundwater can also contribute to fluoride accumulation in plants, particularly 
via foliar uptake during overhead irrigation [109]. In animals, Botha et al. [110] suggested that 
fluoride-rich irrigation water may be partly responsible for livestock fluorosis in South Africa. 

2.2.7. Urban Fluoride Emissions and Concerns 

Many industrial activities that emit fluoride can considerably affect nearby urban areas. For 
example, artisanal brick production in Southeast Asia and aluminum smelting in Siberia are major 
sources of urban air pollution [65]. Coal and fuel combustion for domestic heating can also contribute 
to elevated fluoride levels in urban areas [38]. Vehicle emissions, potentially from fluoride-containing 
fuels and components, may also contribute [38]. The incineration of municipal solid waste releases 
considerable amounts of fluoride, primarily as HF. Although modern incinerators have emission 
control systems, the uncontrolled burning of waste can be a substantial source of HF and other 
fluoride-containing compounds in urban environments [3,111]. 

2.2.8. Ubiquity and Persistence of Fluorinated Organic Compounds 

Many fluorinated organic compounds exist in the environment, most of which are not naturally 
produced [3]. These compounds are used in various applications including agriculture, 
pharmaceuticals, and manufacturing. However, a major concern is the presence of perfluorinated 
compounds (PFCs), particularly those with long carbon chains. PFCs are resistant to degradation and 
can accumulate in the environment and the biosphere [112]. Studies have shown their presence in 
humans and wildlife, with potential bioaccumulation and biomagnification effects [113]. PFC 
exposure has been linked to various health problems in humans including cancer, thyroid disorders, 
and immune system dysfunction [114,115]. Some long-chain PFCs are classified as persistent organic 
pollutants owing to their environmental persistence and harmful effects. 

Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are a class of PFCs that are of major 
concern because of their potential toxicity [116,117]. While data are limited, estimates suggest that 
their environmental impact on overall fluoride levels may be negligible compared to that of natural 
sources [116,118]. This is likely because the strong carbon-fluorine bonds in PFAS make them 
resistant to degradation; however, their presence in the environment and potential health effects 
warrant continued research and regulation. 

Chlorofluorocarbons and their replacements 
Once widely used in refrigeration, air conditioning, fire extinguishers, and aerosol propellants, 

chlorofluorocarbons (CFCs) have been discovered to be a major cause of ozone depletion [119,120]. 
Their production was phased out and replaced with hydrofluorocarbons (HFCs) and 
hydrochlorofluorocarbons (HCFCs), which do not harm the ozone layer [3]. HFCs, HCFCs, and other 
fluoride-containing gases—such as sulfur hexafluoride and nitrogen trifluoride—are potent 
greenhouse gases that contribute ~2 % to global greenhouse gas emissions [121,122]. 
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Trifluoroacetic acid: A persistent byproduct 
The degradation of certain fluoride-containing compounds, including HFCs and HCFCs, 

generates trifluoroacetic acid (TFA). TFA is also released from industrial production processes, the 
burning of fluoropolymers, and household waste incineration [3,119,123]. TFA is highly stable in the 
environment and readily forms salts. Although low in remote areas, TFA concentrations are elevated 
in urban and industrial areas [3,123]. TFA is not strongly bound to soil and may move into 
groundwater [124]. TFA accumulates in water bodies, such as salt lakes and oceans, due to 
evaporation; however, its presence in seawater at levels higher than those expected from recent 
sources suggests a potential natural source, possibly from hydrothermal vents [124]. 

2.2.9. Fluoride in Petroleum 

Fluoride can occur in petroleum products because of its natural presence in crude oil or additives 
introduced during refining. This section explores the two main pathways for fluoride mobilization 
from petroleum sources—combustion and produced water [15]. Only the natural fluoride content of 
crude oil contributes to the additional anthropogenic mobilization of fluoride as that added during 
refining originates from phosphate rock or mined fluoride and is already accounted for in 
environmental budgets. These estimates suggest that the average fluoride content of crude oil is very 
low (0.01 mg/kg) [125]. Considering global oil consumption data, the annual release of fluorine from 
petroleum combustion is estimated to be 0.000058 Tg [126]. Therefore, petroleum combustion appears 
to have minimal impact on the overall atmospheric fluoride budget. 

Oil and gas production often involve the extraction of large volumes of water and hydrocarbons. 
These "produced waters" can contain large amounts of fluoride, with concentrations ranging from 
undetectable levels to over 190 mg/L [127,128]. Global oil production has increased steadily, leading 
to a corresponding increase in the amount of water produced with estimates suggesting that the 
water-to-oil ratio is ~3:1 globally [129]. Based on this ratio and the average fluoride concentration of 
4 mg/L in produced water, these calculations indicate a small but increasing flux of fluoride 
associated with oil production. This flux is estimated to have grown from 0.04 Tg/yr in the early 1980s 
to 0.07 Tg/yr in 2018 [130]. While both petroleum combustion and produced water contribute to 
fluoride mobilization, their combined impact appears to be relatively small compared to that of 
natural sources. However, proper management and treatment of produced water remains important 
to minimize potential environmental contamination from this source of fluoride. 

3. Balancing Soil Fluorine Standards in Korea 

The Soil Environment Conservation Act of 1995 is the primary legislation governing the 
management of soil pollution in Korea [131] and recognizes 24 soil pollutant types to preserve the 
soil environment. Fluorine was newly identified as a soil pollutant in 2002, along with organic 
pollutants, including trichloroethylene, tetrachloroethylene, and inorganic nickel. At that time, the 
Korean Ministry of Environment established selection criteria named Soil Worrisome Levels(SWL) 
considering that soil contamination mainly occurs as secondary pollution from air, water, or various 
waste materials[132]. 

Currently, SWL for for Fluorine in Korea are designated as 400 mg/kg for region I (croplands, 
rice paddies, residential areas, and schools) and region II (forests and playgrounds), and 800 mg/kg 
for region III (factories, gas stations, and roads) based on varying land uses (Table 1). If a larger 
amount of total fluorine than SWL is detected in the soil collected from a construction site, 
construction must be stopped and resumed only after thorough soil purification. 

Table 1. Soil Worrisome Levels for fluorine in Korea (unit: mg/kg). 

Region Fluorine content Site description 

I 400 Croplands, rice paddies, orchards, residences, and 
schools. 

II 400 Forests, salt farms, playgrounds, and religious sites.  
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III 800 Factories, gas stations, roads, and military sites.  

The geology of Korea poses a major challenge as much of the bedrock is granite [133]—a type of 
igneous rock naturally abundant in fluorine-containing minerals, including feldspars and micas—
leading to widespread fluoride occurrence. Lim et al. [134] evaluated fluoride distribution in soil 
samples collected from 82 nationwide locations in Korea. They found an aveage fluoride 
concentration of 204.5 mg/kg (ranging from 15.3 to 504.8 mg/kg), below the global average of 321 
mg/kg. Regionally, they observed average concentrations of 229.6, 195.7, and 273.4 mg/kg in regions 
I, II, and III, respectively. Also, a nationwide soil survey conducted by the Korea Environment 
Corporation between 2012 and 2021 revealed widespread fluorine contamination exceeding SWL, 
even in areas with naturally occurring fluorine. The survey found that 1,337 (15.2%) of the 8,768 
sampling points across Korea exceeded the SWL for Region I (400 mg/kg) (Table 1). The high soil 
remediation costs associated with fluoride pose a major financial burden, especially for housing 
development projects. The cost of fluoride-related soil purification from 2018 to 2022 amounted to 
585.3 billion won (~427 million U.S. dollars) in the metropolitan area of the capital Seoul alone and is 
estimated to be larger nationwide. These excessive costs raise concerns about the economic feasibility 
of the current regulations. 

While some experts argue that the current standards (400 mg/kg) are crucial for protecting public 
health and ecosystems by citing potential health risks associated with fluoride exposure, others argue 
for a more nuanced approach. They highlight that, under natural conditions, most fluorine in soil 
minerals is insoluble and exists in a very stable state. Research directly linking health problems to 
stabilized soil-based fluorine compounds is limited. Additionally, while the presence of fluorine can 
help identify its source in the soil, the total amount of fluorine does not necessarily reflect its 
bioavailability [135]. Nevertheless, research on the risks posed by fluoride to air and water quality is 
well documented [92,136,137], raising the question of whether it is appropriate to relax SWL for 
fluorine. Examining how other countries manage soil fluorine contamination can provide valuable 
insights into the establishment of effective and practical regulations in Korea. This may involve 
adjusting current standards or implementing targeted remediation strategies based on factors such 
as bioavailability and land use. 

4. Global Variations in Soil Fluorine Regulations 

Table 2 summarizes soil quality guidelines for fluorine management from various sources. 
Before directly comparing Korean soil fluorine contamination standards with those of other 
countries, it is crucial to consider the prominent variations in climatic conditions and geological 
characteristics across different regions. Our research indicates that only a limited number of countries 
(at least 12) in North America, Europe, and Asia currently regulate soil fluorine as a potential 
contaminant (Table 2). These countries have established diverse soil fluorine management standards 
based on factors such as climate, geology, and intended land use. 

Soil quality guidelines for fluorine exhibit a wide range, with values varying from a minimum 
of 45 mg/kg for special areas with high biological value in Belgium to a maximum of 4,690 mg/kg for 
industrial areas in the same country (Table 2). This vast discrepancy highlights the influence of land 
use considerations when establishing soil fluorine management standards. Stricter limits are typically 
implemented for areas with potentially higher human exposure, such as residential or high ecological 
value areas.  

Table 2. Global soil quality guidelines. 

No. Country 
Soil quality guidelines  

References 
Land use 

Concentrati
on (mg/kg) 

1 Canada 
Agriculture 200 

CCME [138] Agriculture / Residential (Alberta) 200 
Residential / Parkland 400 
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Commercial / Industrial 2000 

2 Australia Industrial waste (Victoria) 450 EPA, Victoria 
[139] 

3 Switzerland  All regions 400 
Slooff et al. [140] 4 The 

Netherlands 
Regions with high clay content (>25 %) 500 

Regions with very little or no clay content  175 

5 Austria 
Agricultural / Residential (trigger value) 200 

Carlon et al. 
[141] 

Agricultural / Residential (intervention value) 1000 

6 Belgium 
Special areas with high biological value 45 

Residential  3950 
Industrial 4690 

7 The Czech 
Republic 

Agricultural 500 

8 Italy 
Residential / Public 100 

Agricultural 2000 
9 Lithuania Residential/ Recreational/ Agricultural 200 

10 Slovakia 
Maximum allowable limits 1000 

Value for decontamination measures  2000 

11 The United 
States (US) 

Residential 469 USEPA [142]  

12 Japan All regions except agricultural 4000 Noh [132] 

Canada—a country with a land area nearly 100 times larger than South Korea—enforces a 
stricter standard (200 mg/kg) for agricultural land compared to Korea's current regulations[138]. 
However, Canada demonstrates flexibility by allowing a higher limit (2,000 mg/kg) for industrial and 
commercial lands. Similarly, Japan has a seemingly lenient standard of 4,000 mg/kg for soil 
fluorine[132]. However, it is important to consider that Japan enforces stricter regulations (0.8 mg/L) 
for fluoride in drinking water, more stringent than that recommended by the World Health 
Organization (1.5 mg/L)[143]. This example emphasizes how countries might prioritize regulations 
based on their specific environmental conditions and potential exposure pathways. Beyond the total 
amount of soil fluorine, the key factor influencing its mobility, plant uptake, potential toxicity, and 
risk of groundwater contamination is the amount of water-soluble fluoride present [8]. This 
bioavailable fraction of soil fluorine is a more reliable indicator of potential environmental and 
human health risks.  

The global trend in soil fluorine management reflects a shift towards regulating specific fluoride 
compounds with well-defined risks. This approach prioritizes managing artificially created or 
naturally occurring fluoride compounds that directly impact human health or ecosystems. The focus 
is on regulating these specific compounds, rather than the total soil fluorine content. The United 
States exemplifies this trend—with 50 states possessing diverse climatic and geological 
characteristics, each region has established independent soil pollution standards. However, a 
common theme across these various standards is regulating the content of specific fluorine 
compounds, such as PFAS, which are harmful to human health and ecosystems even at very low 
concentrations (section 2.2.8). Regulatory action is then taken through risk assessments when the 
concentration of these specific compounds exceeds established thresholds.   

To summarize, soil fluorine management standards vary considerably across different countries 
due to diverse climatic conditions, geological makeup, and land-use considerations. While some 
countries might seem to have lenient total soil fluorine limits, they might compensate with stricter 
regulations for specific bioavailable fractions, water quality, or individual high-risk fluoride 
compounds. Understanding these nuances and the global shift towards regulating specific high-risk 
fluoride compounds is crucial for establishing effective soil fluorine management strategies in South 
Korea. 
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5. Conclusions 

An analysis of Korean soil fluorine regulations highlights the complexities of balancing 
environmental protection with economic considerations. While some argue for maintaining strict 
standards for total soil fluorine content, international practices and geological realities suggest the 
need for a more nuanced approach. First, the naturally high background levels of fluorine in Korean 
soil, due to the abundance of granite, make adherence to rigid total content standards economically 
impractical. The considerable financial burden associated with remediating soil that exceeds these 
standards, even if naturally occurring, hinders development projects and raises concerns about the 
overall feasibility of these regulations. Second, global trends in soil fluorine management emphasize 
the regulation of specific fluorine compounds with proven risks. These typically involve artificially 
created compounds or those exhibiting high bioavailability—such as PFAS—which have detrimental 
health and ecosystem effects even at low concentrations. Considering the above, a potential solution 
for South Korea is to adopt a two-pronged strategy. 

1. Refine Standards: Revise soil quality standards for fluorine to focus on regulating specific, 
well-defined fluorine compounds with documented environmental and health risks, similar to the 
approach taken for PFAS in the United States. This shift would prioritize managing these harmful 
compounds. 

2. Bioavailability Assessments: Implementing assessments to determine the bioavailability of 
soil-bound fluoride. This prioritizes remediation efforts in areas with high levels of bioavailable 
fluoride, which pose a greater risk of plant uptake, groundwater contamination, and potential health 
effects. 

These approaches would allow South Korea to manage soil fluorine contamination more 
effectively, balancing the need to safeguard public health and the environment from an economic 
perspective. This would prioritize resources to address the most important concerns while 
minimizing unnecessary economic burdens associated with naturally occurring, stable forms of 
fluorine in the soil. 

Author Contributions: Conceptualization, Chang-Hwan Ji and Hyun Woo Kim; methodology, Soon Hong Lee; 
validation, Gi Seong Bae, Soon Hong Lee; resources, Gi Seong Bae; data curation, Chang Hwan Ji, Gi Seong Bae; 
writing—original draft preparation, Chang-Hwan Ji and Hyun Woo Kim; writing—review and editing, Soon 
Hong Lee; visualization, Gi Seong Bae; supervision, Soon Hong Lee; project administration, Hyun Woo Kim; 
funding acquisition, Chang Hwan Ji and Hyun Woo Kim All authors have read and agreed to the published 
version of the manuscript 

Funding: This research was funded by Korea Planning & Evaluation of Industrial Technology (KEIT), and grant 
number is 20012870. 

Conflicts of Interest: The authors declare no conflicts of interest.  

References 

1. Dehnen, S.; Schafer, L.L.; Lectka, T.; Togni, A. Fluorine: A Very Special Element and Its Very Special 
Impacts on Chemistry. Inorganic Chemistry 2021, 60, 17419-17425, doi:10.1021/acs.inorgchem.1c03509. 

2. Tavener, S.J.; Clark, J.H. Fluorine: friend or foe? A green chemist's perspective. Advances in Fluorine Science 
2006, 2, 177-202. 

3. Weinstein, L.H.; Davison, A. Fluorides in the environment: effects on plants and animals; Cabi: 2004. 
4. Fuge, R. Fluorine in the environment, a review of its sources and geochemistry. Applied Geochemistry 2019, 

100, 393-406. 
5. Yoon, S.-U.; Oh, N.-R.; Kim, J.-S. Oral health conditions of college students in some regions based on 

fluorine awareness. Journal of the Korea Contents Association 2015, 15, 329-337. 
6. O Mullane, D.; Baez, R.; Jones, S.; Lennon, M.; Petersen, P.; Rugg-Gunn, A.; Whelton, H. Fluoride and oral 

health. Community dental health 2016, 33, 69-99. 
7. Totsche, K.U.; Wilcke, W.; Körber, M.; Kobza, J.; Zech, W. Evaluation of Fluoride-Induced Metal 

Mobilization in Soil Columns. Journal of Environmental Quality 2000, 29, 454-459, 
doi:https://doi.org/10.2134/jeq2000.00472425002900020013x. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 June 2024                   doi:10.20944/preprints202406.1403.v1

https://doi.org/10.20944/preprints202406.1403.v1


 13 

 

8. Dehbandi, R.; Moore, F.; Keshavarzi, B. Provenance and geochemical behavior of fluorine in the soils of an 
endemic fluorosis belt, central Iran. Journal of African Earth Sciences 2017, 129, 56-71, 
doi:https://doi.org/10.1016/j.jafrearsci.2016.12.016. 

9. Koga, K.T.; Rose-Koga, E.F. Fluorine. Encyclopedia of Geochemistry 2016, 13-18. 
10. Robinson, W.; Edgington, G. Fluorine in soils. Soil Science 1946, 61, 341-354. 
11. Koritnig, S. Fluorine. Handbook of geochemistry 1978, 2, 1. 
12. Chipera, S.J.; Bish, D.L. Thermal evolution of fluorine from smectite and kaolinite. Clays and Clay Minerals 

2002, 50, 38-46. 
13. Noble, D.C.; Smith, V.C.; Peck, L.C. Loss of halogens from crystallized and glassy silicic volcanic rocks. 

Geochimica et Cosmochimica Acta 1967, 31, 215-223. 
14. Fleischer, M.; Robinson, W. Some problems of the geochemistry of fluorine. In Studies in analytical 

geochemistry; University of Toronto Press Toronto: 1963; Volume 6, pp. 58-75. 
15. Schlesinger, W.H.; Klein, E.M.; Vengosh, A. Global biogeochemical cycle of fluorine. Global Biogeochemical 

Cycles 2020, 34, e2020GB006722. 
16. Kabata-Pendias, A. Trace elements in soils and plants; CRC press: 2000. 
17. Duraiswami, R.A.; Patankar, U. Occurrence of fluoride in the drinking water sources from Gad river basin, 

Maharashtra. Journal of the Geological Society of India 2011, 77, 167-174. 
18. Handa, B. Presentation and interpretation of fluoride ion concentrations in natural waters. In Proceedings 

of the Proc. Symp. on Fluorosis, Hyderabad, 1977; pp. 317-347. 
19. D’Alessandro, W. Human fluorosis related to volcanic activity: a review. WIT Transactions on Biomedicine 

and Health 2006, 10. 
20. Bellomo, S.; Aiuppa, A.; D’Alessandro, W.; Parello, F. Environmental impact of magmatic fluorine emission 

in the Mt. Etna area. Journal of Volcanology and Geothermal Research 2007, 165, 87-101. 
21. Guth, S.; Hüser, S.; Roth, A.; Degen, G.; Diel, P.; Edlund, K.; Eisenbrand, G.; Engel, K.-H.; Epe, B.; Grune, 

T. Contribution to the ongoing discussion on fluoride toxicity. Archives of Toxicology 2021, 95, 2571-2587. 
22. Ranjan, R.; Ranjan, A. Fluoride toxicity in animals; Springer: 2015. 
23. Flueck, W.T.; Smith-Flueck, J.A.M. Severe dental fluorosis in juvenile deer linked to a recent volcanic 

eruption in Patagonia. Journal of Wildlife Diseases 2013, 49, 355-366. 
24. Walser III, J.W.; Gowland, R.L.; Desnica, N.; Kristjánsdóttir, S. Hidden dangers? Investigating the impact 

of volcanic eruptions and skeletal fluorosis in medieval Iceland. Archaeological and anthropological sciences 
2020, 12, 77. 

25. Williams-Jones, G.; Rymer, H. Hazards of volcanic gases. In The encyclopedia of volcanoes; Elsevier: 2015; pp. 
985-992. 

26. Stewart, C.; Johnston, D.; Leonard, G.; Horwell, C.; Thordarson, T.; Cronin, S. Contamination of water 
supplies by volcanic ashfall: a literature review and simple impact modelling. Journal of Volcanology and 
Geothermal Research 2006, 158, 296-306. 

27. Balagizi, C.M.; Kasereka, M.M.; Cuoco, E.; Liotta, M. Rain-plume interactions at Nyiragongo and 
Nyamulagira volcanoes and associated rainwater hazards, East Africa. Applied geochemistry 2017, 81, 76-89. 

28. Hong, S.-H.; Jang, M.-J.; Jung, S.-W.; Park, S.-W. A review on monitoring Mt. Baekdu Volcano using space-
based remote sensing observations. Korean Journal of Remote Sensing 2018, 34, 1503-1517. 

29. Friend, J.P. Natural chlorine and fluorine in the atmosphere, water and precipitation. NASA, Washington, 
Scientific Assessment of Stratospheric Ozone: 1989, Volume 2. Appendix: AFEAS Report 1990. 

30. Sugawara, K. Migration of elements through phases of the hydrosphere and atmosphere. Chemistry of the 
Earth's Crust 1967, 2, 501-510. 

31. Carpenter, R. Factors controlling the marine geochemistry of fluorine. Geochimica et Cosmochimica Acta 1969, 
33, 1153-1167. 

32. Neal, C.; Smith, C.J.; Walls, J.; Billingham, P.; Hill, S.; Neal, M. Comments on the hydrochemical regulation 
of the halogen elements in rainfall, stemflow, throughfall and stream waters at an acidic forested area in 
Mid-Wales. Science of the total environment 1990, 91, 1-11. 

33. Wilkniss, P.; Bressan, D. Chemical processes at the air‐sea interface: The behavior of fluorine. Journal of 
Geophysical Research 1971, 76, 736-741. 

34. Barnard, W.R.; Nordstrom, D.K. Flouride in precipitation—II. Implications for the geochemical cycling of 
fluorine. Atmospheric Environment (1967) 1982, 16, 105-111. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 June 2024                   doi:10.20944/preprints202406.1403.v1

https://doi.org/10.20944/preprints202406.1403.v1


 14 

 

35. De Angelis, M.; Legrand, M. Origins and variations of fluoride in Greenland precipitation. Journal of 
Geophysical Research: Atmospheres 1994, 99, 1157-1172. 

36. Saether, O.; Andreassen, B.T.; Semb, A. Amounts and sources of fluoride in precipitation over southern 
Norway. Atmospheric Environment 1995, 29, 1785-1793. 

37. Lee Lindner, B.; Frysinger, J.R. Bulk atmospheric deposition in the Charleston Harbor watershed. Journal of 
Coastal Research 2007, 23, 1452-1461. 

38. Lewandowska, A.; Falkowska, L.; Jóźwik, J. Factors determining the fluctuation of fluoride concentrations 
in PM10 aerosols in the urbanized coastal area of the Baltic Sea (Gdynia, Poland). Environmental Science and 
Pollution Research 2013, 20, 6109-6118. 

39. Mikkonen, H.G.; van de Graaff, R.; Mikkonen, A.T.; Clarke, B.O.; Dasika, R.; Wallis, C.J.; Reichman, S.M. 
Environmental and anthropogenic influences on ambient background concentrations of fluoride in soil. 
Environmental Pollution 2018, 242, 1838-1849. 

40. Preunkert, S.; Legrand, M.; Wagenbach, D. Causes of enhanced fluoride levels in Alpine ice cores over the 
last 75 years: Implications for the atmospheric fluoride budget. Journal of Geophysical Research: Atmospheres 
2001, 106, 12619-12632. 

41. Jayarathne, T.; Stockwell, C.E.; Yokelson, R.J.; Nakao, S.; Stone, E.A. Emissions of fine particle fluoride from 
biomass burning. Environmental science & technology 2014, 48, 12636-12644. 

42. Cronin, S.J.; Manoharan, V.; Hedley, M.J.; Loganathan, P. Fluoride: A review of its fate, bioavailability, and 
risks of fluorosis in grazed‐pasture systems in New Zealand. New Zealand Journal of Agricultural Research 
2000, 43, 295-321, doi:10.1080/00288233.2000.9513430. 

43. Yang, N.; Tang, S.; Zhang, S.; Huang, W.; Chen, P.; Chen, Y.; Xi, Z.; Yuan, Y.; Wang, K. Fluorine in Chinese 
coal: A review of distribution, abundance, modes of occurrence, genetic factors and environmental effects. 
Minerals 2017, 7, 219. 

44. Ketris, M.á.; Yudovich, Y.E. Estimations of Clarkes for Carbonaceous biolithes: World averages for trace 
element contents in black shales and coals. International journal of coal geology 2009, 78, 135-148. 

45. Chen, J.; Liu, G.; Kang, Y.; Wu, B.; Sun, R.; Zhou, C.; Wu, D. Atmospheric emissions of F, As, Se, Hg, and 
Sb from coal-fired power and heat generation in China. Chemosphere 2013, 90, 1925-1932. 

46. Yu, J.; Feng, F.; Wang, W.; Luo, K.; Chen, D.; Bai, G.; Li, Y.; Zheng, L.; Bai, A. Regularity of flourine release 
from fluorine-rich coal combustion in the fluorine poisoning area. Huan Jing ke Xue= Huanjing Kexue 2004, 
25, 43-46. 

47. Doley, D.; Hill, R.; Riese, R. Environmental fluoride in Australasia: ecological effects, regulation and 
management. Clean Air and Environmental Quality 2004, 38, 35-55. 

48. Shupe, J.L.; Bruner, R.H.; Seymour, J.L.; Alden, C.L. The pathology of chronic bovine fluorosis: a review. 
Toxicologic pathology 1992, 20, 274-288. 

49. FİDANCI, U.R.; Sel, T. The industrial fluorosis caused by a coal-burning power station and its effects on 
sheep. Turkish Journal of Veterinary & Animal Sciences 2001, 25, 735-741. 

50. Zemek, F.; Heřman, M.; Kierdorf, H.; Kierdorf, U.; Sedláček, F. Spatial distribution of dental fluorosis in 
roe deer (Capreolus capreolus) from North Bohemia (Czech Republic) and its relationships with 
environmental factors. Science of the Total Environment 2006, 370, 491-505. 

51. Kierdorf, U.; Bahelková, P.; Sedláček, F.; Kierdorf, H. Pronounced reduction of fluoride exposure in free-
ranging deer in North Bohemia (Czech Republic) as indicated by the biomarkers skeletal fluoride content 
and dental fluorosis. Science of the Total Environment 2012, 414, 686-695. 

52. Dai, S.; Ren, D.; Chou, C.-L.; Finkelman, R.B.; Seredin, V.V.; Zhou, Y. Geochemistry of trace elements in 
Chinese coals: A review of abundances, genetic types, impacts on human health, and industrial utilization. 
International Journal of Coal Geology 2012, 94, 3-21. 

53. Dai, S.; Seredin, V.V.; Ward, C.R.; Hower, J.C.; Xing, Y.; Zhang, W.; Song, W.; Wang, P. Enrichment of U–
Se–Mo–Re–V in coals preserved within marine carbonate successions: geochemical and mineralogical data 
from the Late Permian Guiding Coalfield, Guizhou, China. Mineralium Deposita 2015, 50, 159-186. 

54. Ando, M.; Tadano, M.; Asanuma, S.; Tamura, K.; Matsushima, S.; Watanabe, T.; Kondo, T.; Sakurai, S.; Ji, 
R.; Liang, C. Health effects of indoor fluoride pollution from coal burning in China. Environmental Health 
Perspectives 1998, 106, 239-244. 

55. Finkelman, R.B.; Belkin, H.E.; Zheng, B. Health impacts of domestic coal use in China. Proceedings of the 
National Academy of Sciences 1999, 96, 3427-3431. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 June 2024                   doi:10.20944/preprints202406.1403.v1

https://doi.org/10.20944/preprints202406.1403.v1


 15 

 

56. Li, Y.; Wang, W.; Yang, L.; Li, H. Environmental epidemic characteristics of coal-burning endemic fluorosis 
and the safety threshold of coal fluoride in China. Fluoride 2003, 36, 106-112. 

57. Gao, X.; Hu, Y.; Li, C.; Dai, C.; Li, L.; Ou, X.; Wang, Y. Evaluation of fluorine release from air deposited coal 
spoil piles: A case study at Yangquan city, northern China. Science of the total environment 2016, 545, 1-10. 

58. Ramya, S.; Deshmukh, V.; Khandekar, V.J.; Padmakar, C.; SuriNaidu, L.; Mahore, P.K.; Pujari, P.R.; 
Panaskar, D.; Labhasetwar, P.; Rao, V. Assessment of impact of ash ponds on groundwater quality: a case 
study from Koradi in Central India. Environmental earth sciences 2013, 69, 2437-2450. 

59. Corporation, K.E.P. Statistics of Electric Power in Korea 2022. 2023, 181. 
60. Troll, G.; Farzaneh, A. Fluorine loss in production of bricks and comparison with the loss in fluorine-

bearing minerals. 1978. 
61. Fuge, R.; Hennah, T. Fluorine and heavy metals in the vicinity of brickworks. Trace Sub. Environ. Health 

1989, 23, 183-197. 
62. Bonvicini, G.; Fregni, A.; Palmonari, C. Fluorine compounds in gaseous emissions from industrial sources: 

the case of ceramic industries. Advances in fluorine science 2006, 1, 225-249. 
63. Xie, Z.; Wu, W.; Xu, J. Study on fluoride emission from soils at high temperature related to brick-making 

process. Chemosphere 2003, 50, 763-769. 
64. Khalid, S.; Mansab, S. Effect of fluorides on air, water, soil and vegetation in peripheral areas of brick kiln 

of Rawalpindi. Pakistan Journal of Botany 2015, 47, 205-209. 
65. Schmidt, C.W. Modernizing artisanal brick kilns: A global need. 2013. 
66. Ahmad, M.N.; van den Berg, L.J.; Shah, H.U.; Masood, T.; Büker, P.; Emberson, L.; Ashmore, M. Hydrogen 

fluoride damage to vegetation from peri-urban brick kilns in Asia: a growing but unrecognised problem? 
Environmental pollution 2012, 162, 319-324. 

67. Ahmad, M.N.; Ahmad, S.S.; Zia, A.; Iqbal, M.S.; Shah, H.; Mian, A.A.; Shah, R.U. Hydrogen fluoride effects 
on local mung bean and maize cereal crops from peri-urban brick kilns in South Asia. Fluoride 2014, 47, 315-
319. 

68. Mitchell, C.; Wrighton, C. Mineral planning factsheet: brick clay. 2022. 
69. Baum, E. Black carbon from brick kilns. Presentation for CleanAir Task Force 2010. 
70. Koritnig, S. Fluorine. Chapter 9, sections BO. Handbook of Geochemistry. Springer 1972. 
71. Tjahyono, N.; Gao, Y.; Wong, D.; Zhang, W.; Taylor, M.P. Fluoride emissions management guide (FEMG) 

for aluminium smelters. Light Metals 2011 2016, 301-306. 
72. Kvande, H. Production of primary aluminium. In Fundamentals of Aluminium Metallurgy; Elsevier: 2011; pp. 

49-69. 
73. Alamdari, H. Aluminium production process: Challenges and opportunities. Metals 2017, 7, 133. 
74. Institute, I.A. Fluoride emissions. Available online: https://international-aluminium.org/statistics/fluoride-

emissions/ (accessed on May 8th). 
75. Robak, H. Aluminium plants and conifers in Norway. Air Pollution 1969, 27-31. 
76. Krook, L.; Maylin, G.A. Industrial fluoride pollution. Chronic fluoride poisoning in Cornwall Island cattle. 

The Cornell Veterinarian 1979, 69, suppl 1-70. 
77. Gilbert, O. Environmental effects of airborne fluorides from aluminium smelting at Invergordon, Scotland 

1971–1983. Environmental Pollution Series A, Ecological and Biological 1985, 39, 293-302. 
78. Ouellet, M. Reduction of airborne fluoride emissions from Canadian aluminium smelters as revealed by 

snow chemistry. Science of the total environment 1987, 66, 65-72. 
79. Vike, E.; Håbjørg, A. Variation in fluoride content and leaf injury on plants associated with three aluminium 

smelters in Norway. Science of the total environment 1995, 163, 25-34. 
80. Rodriguez, J.H.; Wannaz, E.D.; Pignata, M.L.; Fangmeier, A.; Franzaring, J. Fluoride biomonitoring around 

a large aluminium smelter using foliage from different tree species. CLEAN–Soil, Air, Water 2012, 40, 1315-
1319. 

81. Talovskaya, A.V.; Osipova, N.A.; Filimonenko, E.A.; Polikanova, S.; Samokhina, N.; Yazikov, E.; 
Matveenko, I.A. Fluorine concentration in snow cover within the impact area of aluminium production 
plant (Krasnoyarsk city) and coal and gas-fired power plant (Tomsk city). In Proceedings of the IOP 
Conference Series: Earth and Environmental Science, 2015; p. 012043. 

82. Hufschmid, J.; Beveridge, I.; Coulson, G.; Gould, J. Bone fluoride concentrations of eastern grey kangaroos 
(Macropus giganteus) resident near an aluminium smelter in south-eastern Australia. Ecotoxicology 2011, 
20, 1378-1387. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 June 2024                   doi:10.20944/preprints202406.1403.v1

https://doi.org/10.20944/preprints202406.1403.v1


 16 

 

83. Kierdorf, U.; Death, C.; Hufschmid, J.; Witzel, C.; Kierdorf, H. Developmental and post-eruptive defects in 
molar enamel of free-ranging eastern grey kangaroos (Macropus giganteus) exposed to high environmental 
levels of fluoride. PLoS One 2016, 11, e0147427. 

84. Villalba, G.; Liu, Y.; Schroder, H.; Ayres, R.U. Global phosphorus flows in the industrial economy from a 
production perspective. Journal of Industrial ecology 2008, 12, 557-569. 

85. Tayibi, H.; Choura, M.; López, F.A.; Alguacil, F.J.; López-Delgado, A. Environmental impact and 
management of phosphogypsum. Journal of environmental management 2009, 90, 2377-2386. 

86. Association, E.F.M. Booklet No. 4 of 8 Production of phosphoric acid. Best Available Techniques for Pollution 
Prevention and Control in the European Fertilizer Industry. Accessible from: http://www. productstewardship. 
eu/fileadmin/user_upload/user_upload_ prodstew/documents/Booklet_nr_4_Production_of_Phosphoric_Acid. pdf 
(accessed June 2015) Belgium 2000. 

87. Mirlean, N.; Roisenberg, A. Fluoride distribution in the environment along the gradient of a phosphate-
fertilizer production emission (southern Brazil). Environmental geochemistry and health 2007, 29, 179-187. 

88. Mezghani, I.; Elloumi, N.; Abdallah, F.B.; Chaieb, M.; Boukhris, M. Fluoride accumulation by vegetation in 
the vicinity of a phosphate fertilizer plant in Tunisia. Fluoride 2005, 38, 69-75. 

89. Dartan, G.; Taspinar, F.; Toroz, I. Analysis of fluoride pollution from fertilizer industry and 
phosphogypsum piles in agricultural area. J. Ind. Pollut. Control 2017, 33, 662. 

90. Tanouayi, G.; Gnandi, K.; Ouro-Sama, K.; Aduayi-Akue, A.A.; Ahoudi, H.; Nyametso, Y.; Solitoke, H.D. 
Distribution of fluoride in the phosphorite mining area of hahotoe–Kpogame (Togo). Journal of Health and 
Pollution 2016, 6, 84-94. 

91. Shedd, K. US Geological Survey, Mineral Commodity Summaries (2018). 
92. Fuge, R.; Andrews, M.J. Fluorine in the UK environment. Environmental Geochemistry and Health 1988, 10, 

96-104. 
93. Cooke, J.; Johnson, M.; Davidson, A.; Bradshaw, A. Fluoride in plants colonising fluorspar mine waste in 

the Peak District and Weardale. Environmental Pollution (1970) 1976, 11, 9-23. 
94. Andrews, S.; Cooke, J.; Johnson, M. Distribution of trace element pollutants in a contaminated ecosystem 

established on metalliferous fluorspar tailings. 3: Fluoride. Environmental Pollution 1989, 60, 165-179. 
95. Semrau, K.T. Emission of fluorides from industrial processes—a review. Journal of the Air Pollution Control 

Association 1957, 7, 92-108. 
96. Yang, Q.X.; Xu, A.J.; Engström, F.; Han, F.L.; Xue, P.; He, D.F.; Björkman, B. Dissolution Behavior of 

Fluorine from AOD Slag after Treatments for Volume Stabilization. Applied Mechanics and Materials 2014, 
587, 849-855. 

97. Burns, K.N.; Allcroft, R. Fluorosis in cattle. I. Occurrence and effects in industrial areas of England and 
Wales 1954-57. 1964. 

98. Villalba, G.; Ayres, R.U.; Schroder, H. Accounting for fluorine: production, use, and loss. Journal of Industrial 
Ecology 2007, 11, 85-101. 

99. Ramteke, L.; Sahayam, A.; Ghosh, A.; Rambabu, U.; Reddy, M.; Popat, K.; Rebary, B.; Kubavat, D.; Marathe, 
K.V.; Ghosh, P. Study of fluoride content in some commercial phosphate fertilizers. Journal of Fluorine 
Chemistry 2018, 210, 149-155. 

100. Loganathan, P.; Hedley, M.; Grace, N.; Lee, J.; Cronin, S.; Bolan, N.; Zanders, J. Fertiliser contaminants in 
New Zealand grazed pasture with special reference to cadmium and fluorine—a review. Soil Research 2003, 
41, 501-532. 

101. Hedley, M.; Loganathan, P.; Grace, N. Fertilizer-derived fluorine in grazed pasture systems. In Proceedings 
of the Australian Fertilizer Industry Conference, 2007; pp. 1-24. 

102. Loganathan, P.; Liu, Q.; Hedley, M.; Gray, C. Chemical fractionation of fluorine in soils with a long-term 
phosphate fertiliser history. Soil Research 2007, 45, 390-396. 

103. Pickering, W. The mobility of soluble fluoride in soils. Environmental Pollution Series B, Chemical and Physical 
1985, 9, 281-308. 

104. Kundu, M.C.; Mandal, B. Assessment of potential hazards of fluoride contamination in drinking 
groundwater of an intensively cultivated district in West Bengal, India. Environmental monitoring and 
assessment 2009, 152, 97-103. 

105. Farooqi, A.; Masuda, H.; Siddiqui, R.; Naseem, M. Sources of arsenic and fluoride in highly contaminated 
soils causing groundwater contamination in Punjab, Pakistan. Archives of environmental contamination and 
toxicology 2009, 56, 693-706. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 June 2024                   doi:10.20944/preprints202406.1403.v1

https://doi.org/10.20944/preprints202406.1403.v1


 17 

 

106. Davis, R. Uptake of fluoride by ryegrass grown in soil treated with sewage sludge. Environmental Pollution 
Series B, Chemical and Physical 1980, 1, 277-284. 

107. Jeschke, P. The unique role of halogen substituents in the design of modern agrochemicals. Pest Management 
Science: formerly Pesticide Science 2010, 66, 10-27. 

108. Key, B.D.; Howell, R.D.; Criddle, C.S. Fluorinated organics in the biosphere. Environmental science & 
technology 1997, 31, 2445-2454. 

109. Scholz, L.M.; Kopittke, P.M.; Menzies, N.W.; Dalzell, S.A.; Macfarlane, D.C.; Wehr, J.B. Use of fluoride-
containing water for the irrigation of soil–plant systems. Journal of agricultural and food chemistry 2015, 63, 
4737-4745. 

110. Botha, C.; Naude, T.; Minnaar, P.; Van Amstel, S.; Janse van Rensburg, S. Two outbreaks of fluorosis in 
cattle and sheep. Journal of the South African Veterinary Association 1993, 64, 165-168. 

111. Quina, M.J.; Bordado, J.C.; Quinta-Ferreira, R.M. Air pollution control in municipal solid waste incinerators. 
The impact of air pollution on health, economy, environment and agricultural sources 2011, 1, 331-358. 

112. Houde, M.; Martin, J.W.; Letcher, R.J.; Solomon, K.R.; Muir, D.C. Biological monitoring of polyfluoroalkyl 
substances: a review. Environmental science & technology 2006, 40, 3463-3473. 

113. Pérez, F.; Nadal, M.; Navarro-Ortega, A.; Fàbrega, F.; Domingo, J.L.; Barceló, D.; Farré, M. Accumulation 
of perfluoroalkyl substances in human tissues. Environment international 2013, 59, 354-362. 

114. Schaider, L.A.; Balan, S.A.; Blum, A.; Andrews, D.Q.; Strynar, M.J.; Dickinson, M.E.; Lunderberg, D.M.; 
Lang, J.R.; Peaslee, G.F. Fluorinated compounds in US fast food packaging. Environmental science & 
technology letters 2017, 4, 105-111. 

115. Kataria, A.; Trasande, L.; Trachtman, H. The effects of environmental chemicals on renal function. Nature 
Reviews Nephrology 2015, 11, 610-625. 

116. Boucher, J.M.; Cousins, I.T.; Scheringer, M.; Hungerbu ̈hler, K.; Wang, Z. Toward a comprehensive global 
emission inventory of C4–C10 perfluoroalkanesulfonic acids (PFSAs) and related precursors: focus on the 
life cycle of C6-and C10-based products. Environmental Science & Technology Letters 2018, 6, 1-7. 

117. Wang, Z.; Boucher, J.M.; Scheringer, M.; Cousins, I.T.; Hungerbuhler, K. Toward a comprehensive global 
emission inventory of C4–C10 perfluoroalkanesulfonic acids (PFSAs) and related precursors: focus on the 
life cycle of C8-based products and ongoing industrial transition. Environmental science & technology 2017, 
51, 4482-4493. 

118. Paul, A.G.; Jones, K.C.; Sweetman, A.J. A first global production, emission, and environmental inventory 
for perfluorooctane sulfonate. Environmental science & technology 2009, 43, 386-392. 

119. McCulloch, A. Fluorocarbons in the global environment: a review of the important interactions with 
atmospheric chemistry and physics. Journal of Fluorine Chemistry 2003, 123, 21-29. 

120. Molina, M.J.; Rowland, F.S. Stratospheric sink for chlorofluoromethanes: chlorine atom-catalysed 
destruction of ozone. Nature 1974, 249, 810-812. 

121. Change, I.C. Mitigation of climate change. Contribution of working group III to the fifth assessment report of the 
intergovernmental panel on climate change 2014, 1454, 147. 

122. Merrill, M.D.; Sleeter, B.M.; Freeman, P.A.; Liu, J.; Warwick, P.D.; Reed, B.C. Federal lands greenhouse 
emissions and sequestration in the United States—Estimates for 2005–14; 2328-0328; US Geological Survey: 2018. 

123. Boutonnet, J.C.; Bingham, P.; Calamari, D.; Rooij, C.d.; Franklin, J.; Kawano, T.; Libre, J.-M.; McCul-Loch, 
A.; Malinverno, G.; Odom, J.M. Environmental risk assessment of trifluoroacetic acid. Human and Ecological 
Risk Assessment: An International Journal 1999, 5, 59-124. 

124. Solomon, K.R.; Velders, G.J.; Wilson, S.R.; Madronich, S.; Longstreth, J.; Aucamp, P.J.; Bornman, J.F. Sources, 
fates, toxicity, and risks of trifluoroacetic acid and its salts: Relevance to substances regulated under the 
Montreal and Kyoto Protocols. Journal of Toxicology and Environmental Health, Part B 2016, 19, 289-304. 

125. Wilson, J.; Marczewski, C. Comments on determination of fluorine in petroleum and petroleum process 
catalysts with a fluoride electrode. Analytical Chemistry 1978, 50, 1584-1585. 

126. González-Torres, M.; Pérez-Lombard, L.; Coronel, J.F.; Maestre, I.R.; Yan, D. A review on buildings energy 
information: Trends, end-uses, fuels and drivers. Energy Reports 2022, 8, 626-637. 

127. Blondes, M.S.; Shelton, J.L.; Engle, M.A.; Trembly, J.P.; Doolan, C.A.; Jubb, A.M.; Chenault, J.C.; Rowan, 
E.L.; Haefner, R.J.; Mailot, B.E. Utica shale play oil and gas brines: Geochemistry and factors influencing 
wastewater management. Environmental Science & Technology 2020, 54, 13917-13925. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 June 2024                   doi:10.20944/preprints202406.1403.v1

https://doi.org/10.20944/preprints202406.1403.v1


 18 

 

128. Liu, D.; Li, J.; Zou, C.; Cui, H.; Ni, Y.; Liu, J.; Wu, W.; Zhang, L.; Coyte, R.; Kondash, A. Recycling flowback 
water for hydraulic fracturing in Sichuan Basin, China: Implications for gas production, water footprint, 
and water quality of regenerated flowback water. Fuel 2020, 272, 117621. 

129. Fakhru’l-Razi, A.; Pendashteh, A.; Abdullah, L.C.; Biak, D.R.A.; Madaeni, S.S.; Abidin, Z.Z. Review of 
technologies for oil and gas produced water treatment. Journal of hazardous materials 2009, 170, 530-551. 

130. Clark, C.E.; Veil, J.A. Produced water volumes and management practices in the United States; Argonne National 
Lab.(ANL), Argonne, IL (United States): 2009. 

131. Kim, M.Y. Improvement measures for Soil Environment Conservation Act; 8983232013; Korea Legislation 
Research Institute: 2001. 

132. Noh, H.-J. Establishing science-based fluoride soil pollution standards: a critical approach. In Proceedings 
of the Unveiling science-based standards for fluoride soil remediation: a conference on rational approaches., 
Dongja Art Hall, Seoul, Republic of Korea, May 30th 2024. 

133. Lee, C.-O.; Hong, S.-S.; Lee, B.-T.; Kim, G.-S.; Yun, H.-S. Spatial distribution of the dimension stone quarries 
in Korea. The Journal of the Petrological Society of Korea 2006, 15, 154-166. 

134. Lim, G.-H.; Lee, H.-G.; Kim, H.-S.; Noh, H.-J.; Ko, H.-W.; Kim, J.-I.; Jo, H.-J.; Kim, H.-K. Evaluation of 
fluoride distribution, fate and transport characteristics in soils. Journal of Soil and Groundwater Environment 
2018, 23, 90-103. 

135. Hallett, B.M.; Dharmagunawardhane, H.A.; Atal, S.; Valsami-Jones, E.; Ahmed, S.; Burgess, W.G. 
Mineralogical sources of groundwater fluoride in Archaen bedrock/regolith aquifers: Mass balances from 
southern India and north-central Sri Lanka. Journal of Hydrology: Regional Studies 2015, 4, 111-130, 
doi:https://doi.org/10.1016/j.ejrh.2014.10.003. 

136. Agarwal, R.; Srinivas, R. Severe neuropsychiatric manifestations and rhabdomyolysis in a patient with 
imidacloprid poisoning. The American journal of emergency medicine 2007, 25, 844-845. 

137. Del Piero, S.; Masiero, L.; Casellato, S. Influence of temperature on fluoride toxicity and bioaccumulation 
in the nonindigenous freshwater mollusk Dreissena polymorpha Pallas, 1769. Environmental Toxicology and 
Chemistry 2012, 31, 2567-2571. 

138. CCME. Soil quality guidelines for the protection of environmental and human health. 2024. 
139. Victoria, E. Industrial waste resource guidelines. Solid Industrial Waste Hazard Categorisation and Management. 

Available online: https://www. epa. vic. gov. au/about-epa/publications/iwrg631 (accessed on 23 August 2021) 2009. 
140. Slooff, W.; Eerens, H.; Janus, J. Integrated Criteria Document Fluorides. 1989, 191. 
141. Carlon, C. Derivation Methods of Soil Screening Values in Europe. A Review and Evaluation of National 

Procedures towards Harmonisation. 2007. 
142. Agency, U.S.E.P. Regional Screening Level Calculator. 2024. 
143. Edition, F. Guidelines for drinking-water quality. WHO chronicle 2011, 38, 104-108. 
 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 June 2024                   doi:10.20944/preprints202406.1403.v1

https://doi.org/10.20944/preprints202406.1403.v1

