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  Abstract 
In India, there are over 140,000 coal-fired brick kilns operating on the outskirts of 
rural and urban settlements. Many of these brick kilns operate on or near agricul-
tural land where farmers cultivate. Emissions from these brick kilns not only harm 
the health of humans and animals, but also have the potential to harm or destroy 
agricultural crops on a large scale. In fact, emissions from these coal-fired brick 
kilns contain several fluoride-containing toxic gases, such as HF, SiF4, and CF4. 
This contaminates not only agricultural and horticultural crops, but also soil and 
various perennial freshwater sources, such as ponds, lakes, dams, and rivers, which 
pose potential fluoride risks not only to humans and animals, but also to various 
agricultural crops. However, most farmers in India remain unaware of the toxic 
effects of fluoride-containing emissions on various crops. When crops are exposed 
to these emissions, fluoride enters crop plants primarily through leaf stomata. How-
ever, it can also enter through the roots. Fluoride bio-accumulation in crop plants 
ultimately affects their morphology, physiology, and various biochemical parame-
ters. In fact, fluoride adversely affects vital biological processes in crop plants, such 
as photosynthesis, respiration, mineral nutrition, fertilization, germination, and 
growth and development. Due to this, there is a huge decrease in agricultural 
productivity, due to which farmers suffering huge financial losses. The most com-
mon visible pathognomonic symptoms of industrial fluoride toxicity in crop plants 
are stunted growth, chlorosis, necrosis, abscission of leaves, flowers, and fruits, 
and reduction in seed production. Consumption of food grains and fodder contam-
inated with fluoride can cause fluorosis in humans and animals, respectively. In the 
present review, the focus is on various toxic effects on agricultural crops due to 
emissions from coal-based brick kilns, so as to draw the attention of the concerned 
departmental authorities towards resolving this grave problem of agriculture in the 
country. 
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1. Introduction 

Fluoride is present in varying amounts in environments such as air, water, soil, and food, both in natural and an-
thropogenic forms [1-4]. In India, fluoride is widely distributed in groundwater in almost all rural areas, which is 
usually contaminated with fluoride through the natural geological process of weathering of rocks containing fluoride 
minerals. However, anthropogenic fluoride in the environment is usually caused by several coal-burning and 
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industrial activities, such as thermal power stations and the manufacture of steel, iron, aluminum, zinc, phosphorus, 
chemical fertilizers, cement, hydrofluoric acid, etc. These industries are responsible for causing “industrial fluoride 
pollution” in the surrounding environment [1-4]. However, one of the most common sources of fluoride pollution 
in the country is “coal-fired brick kilns,” which are usually located around urban and rural areas and even in agri-
cultural fields or farms [5-7]. In the country, most research studies have focused on the various adverse health or 
toxicological effects of long-term exposure to fluoride through fluoridated water and industrial fluoride pollution 
on humans [8-23], various wild species [24-29], and domestic animals [30-40]. Several studies have also shown 
that long-term exposure to fluoride, whether from fluoridated water or industrial fluoride pollution, has various toxic 
and harmful effects on agricultural crops [41-48]. In fact, long-term exposure of agricultural crops to fluoride sig-
nificantly reduces agricultural yields, causing significant economic losses to farmers [49, 50]. Therefore, there is a 
need for specific and detailed research on this topic in India to protect farmers from such economic losses. The 
present communication briefly reviews the various potential toxic effects on crop plants caused by emissions from 
coal-fired brick kilns. It also attempts to draw the attention of the responsible departments to addressing this pressing 
agricultural issue. 

2. Status of Coal-Fired Brick Kilns and Their Emission 

In India, more than 140,000 legal and illegal coal-fired brick kilns (Figure 1) operate unchecked not only around 
rural and urban settlements but also in agricultural areas [5]. These brick kilns require more than 35 million tons of 
fossil coal as fuel every year [51]. In fact, brick kilns are the second largest industrial consumer of coal in the country 
after the steel industry. These coal-fired kilns are a potential source of chronic fluoride exposure not only to humans 
and herbivorous wild and domestic animals, but also to various species of agricultural and horticultural crop plants. 
In fact, the emissions from these kilns or furnaces contain high levels of fluoride in various gaseous forms. The 
fluoride concentration range for most fossil coals found in various forms is 20-500 μg g−1, with an average value of 
about 150 μg g−1 [52, 53]. However, the fluoride content in Indian coal generally ranges between 10–20 g/tonne 
[54, 55]. Nevertheless, the fluoride content is not uniform across different types or grades of coal. During the com-
bustion of coal in brick kilns, several toxic fluoride-containing gases, such as HF, SiF4, and CF4, are also released 
or emitted into the atmosphere in the form of smoke or emissions along with other toxic gases and solid waste 
products [51, 53]. These emissions are also commonly referred to as industrial fluoride pollution. 

 

 
Figure 1. Emissions from coal-burning brick-kilns operating around various agricultural crops. 
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3. Can Emissions from Coal-Fired Brick Kilns Harm Agricultural Crops? 

Yes, it is quite possible that fluoride emissions from coal-fired brick kilns (industrial fluoride emissions) are ex-
tremely harmful to agricultural crops if crops are repeatedly exposed to them. Similarly, fluoride emissions from 
coal-fired thermal power plants and from the manufacture of steel, iron, aluminum, zinc, phosphorus, chemical 
fertilizers, cement, hydrofluoric acid, etc., are also harmful to agricultural crops [3]. Numerous studies conducted 
on various agricultural crops also prove that industrial fluoride emissions are extremely harmful to agricultural crops 
[41-48]. In fact, industrial fluoride contaminates not only agricultural and horticultural crops, but also agricultural 
soils and various perennial freshwater sources used for irrigation [1]. If water from such water sources is used for 
irrigation, crops can suffer significant damage. 

Fluoride enters agricultural crops from various sources through two main routes. First, it occurs through stomatal 
diffusion. Through leaf stomata, fluoride penetrates the cell walls and reaches the leaf margins and tips, which are 
the sites of greatest evaporation [53]. The second route occurs through a passive diffusion process from fluoride-
contaminated soil and freshwater to plant roots. Fluoride is subsequently transported through the xylem via. apo-
plastic and symplastic pathways in a directional distal movement to the shoot [54]. In fact, fluoride moves into the 
transpiration stream from the roots and/or through the stomata and then eventually accumulates in the leaf margins. 
Generally, fluoride accumulation follows the order of soil > root > shoot > grain. The bioavailability of fluoride to 
plants is mainly influenced by the presence of metal ions such as calcium (Ca), aluminum (L), and phosphorus (P), 
the pH of the solution, and the type of soil [55].  

Repeated industrial fluoride exposure and its persistence bio-accumulation produce diverse adverse toxic effects 
in both seasonal and off-season agricultural crops, vegetables, and trees [41, 44, 47]. The bio-accumulation of flu-
oride in plants causes adverse changes in various physiological processes of crop plants, such as seed germination, 
photosynthesis, respiration, CO2 assimilation, protein and nucleotide synthesis, carbohydrate metabolism, hormonal 
imbalance, various enzyme activities, gene expression pattern, inhibition in the developmental and reproductive 
capabilities, etc. [56-63]. Ultimately, these fluoride-induced morpho-physiological changes affect the rate of agri-
cultural productivity or yield or harvest index of the agricultural crop, due to which the farmers suffer huge eco-
nomic losses.  

In agricultural crop plants, stunted growth (dwarfism syndrome), necrosis, chlorosis, abscission of leaves, flowers, 
and fruits, leaf damage, tip burning, and curling of leaves that spread inward (Figure 2) are the most common and 
earliest visible morphological changes or features due to chronic exposure to industrial fluoride emission [41, 47]. 
Based on these symptoms, any farmer or cultivator can assume that their crop is being damaged or destroyed due 
to fluoride toxicity or repeated exposure to fluoride. Importantly, once necrotic spots develop on plant leaves, they 
cannot be reversed by any treatment. The severity of these pathological changes in crops has not yet been studied 
in relation to various determinants, such as fluoride concentration and duration and frequency of exposure, environ-
mental factors, genetics, species-specific fluoride tolerance or sensitivity, etc., which is essential for understanding 
fluoride toxicity in agricultural crop plants. However, such scientific research studies have been well conducted in 
humans and animals [62-64], which have helped in understanding fluoride toxicity and reducing its toxicity. There-
fore, similar research studies are needed on various agricultural crop species, the results of which may prove helpful 
in preventing fluoride toxicity in crops. Another dangerous aspect of fluoride toxicity in crops is that consumption 
of fluoride-containing agricultural grains and fodder can have adverse health effects on humans and animals, re-
spectively, and can cause fluorosis. Therefore, it is best to either avoid farming near coal-fired brick kilns or keep 
them away from agricultural areas. 

 
Figure 2. Rice plants (Oryza sativa) showing stunted growth and leaf necrosis with burnt margin due to industrial fluoride 

exposure [41]. 
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4. Conclusion 

Over 140,000 coal-fired brick kilns operate across the country, mostly in rural, urban, and agricultural areas, and 
are potential sources of industrial fluoride pollution. Emissions from these brick kilns emit toxic fluoride-containing 
gases, such as HF, SiF4, and CF4, contaminating not only the air, freshwater sources, fertile soil, and various food 
items, but also agricultural and horticultural crops. Regular and repeated exposure of agricultural crops to industrial 
fluoride pollution from these coal-fired brick kilns is unsafe and harmful to their health. The toxic effects of fluoride 
pollution can lead to a variety of malformations in agricultural crops, including stunted growth, necrosis, chlorosis, 
leaf, flower, and fruit drop, leaf damage, leaf tip burns, and leaf curling. In fact, fluoride pollution affects various 
physiological or biological processes of crop plants, such as seed germination, photosynthesis, respiration, CO2 
absorption, protein and nucleotide synthesis, carbohydrate metabolism, hormonal imbalance, etc., which results in 
huge economic losses to farmers due to reduced yield or productivity of these fluoride-affected crops. However, 
most farmers are unaware of the adverse effects of these toxic emissions from brick kilns on their crops and the 
resulting economic losses. The most negative aspect of fluoride toxicity in agricultural crops is that these crop 
products contain trace amounts of fluoride, which can adversely affect human and animal health and lead to the 
development of fluorosis. Therefore, detailed research is needed to understand the adverse effects of industrial flu-
oride emissions on agricultural crops in India and their prevention measures. These research studies will also help 
us understand fluoride toxicity in agricultural crops. 
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