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Abstract 
Fly ash is a byproduct of coal combustion in thermal 

power plants posing significant environmental 

concerns owing to its possible to pollute soil, air, and 

water. The second largest coal-based thermal power 

station in West Bengal (India) is Kolaghat Thermal 

Power Station (KTPS) which generates large quantities 

of fly ash, often deposited in the surrounding 

environment over a long period. This study investigates 

the physicochemical and microbial properties of soils 

contaminated by fly ash of KTPS near the power station 

to assess its impact on soil quality and agricultural 

sustainability.  

 

The current study indicated that the levels of heavy 

metals (HMs) like Pb, Cr, As, and Fe in fly ash-

contaminated soils (FCS) were notably greater than 

those in the control soil. Physiochemical 

characteristics like pH, bulk density (BD), electrical 

conductivity (EC), total organic matter (TOM), water 

holding capacity (WHC), and NPK content differed 

concerning control soil affecting the nearby 

agricultural land. Colony-forming units were used as a 

common indicator of microbial biomass. Microbial 

activity was changed with the alteration of different 

physicochemical properties of the soil.  It was found 

that bacterial activity was higher in all of the collected 

FCS samples. So, the findings provide valuable insights 

into the long-term consequences of fly ash deposition 

and suggest strategies to mitigate environmental 

damage and to promote sustainable agricultural 

practices.  
 

Keywords:  Fly ash, soil pollution, heavy metals, 

physicochemical parameters, microbiota. 

 

Introduction 
Coal-based thermal power stations are among the leading 

sources of electricity generation worldwide. Therefore, coal 

serves as the primary fuel for energy production18. However, 

coal combustion results in the generation of substantial 

quantities of fly ash, a fine particulate residue that poses 
significant environmental challenges6,39. Fly ash primarily 

comprises of inorganic minerals, trace elements, and 

unburned carbon, which can adversely affect the 

surrounding environment when released into the atmosphere 

or deposited onto nearby soil. The improper handling and 

disposal of fly ash have raised concerns regarding soil 

contamination, environmental degradation, and potential 

risks to human and ecological health36.  

 

The coal-based Kolaghat Thermal Power Station (KTPS) is 

located on the west bank of the Rupnarayana River and is 

close to Macheda station in the Purba Medinipur district of 

West Bengal, India. It is the second-largest thermal power 

plant in West Bengal as well as one of the popular leading 

thermal power stations in India. Although it has been 

providing a significant contribution to the State's power 

sector, environmental concerns such as heavy metals 

contamination of agricultural land have emerged a long time 

ago29. A large amount of ash from the KTPS is dumped into 

the nearby land and water bodies, leading to pollution of 

water, air, and soil, including the Rupnarayana river24. Only 

325 acres of land are now owned by the factory, and there 

are five ash ponds in operation. However, 1250 acres of land 

are needed by the KTPP to dispose of the fly ash produced 

during its whole lifespan from 19845. 

 

Human health and agricultural productivity both are 

hampered due to the overflow of the pollutant up to 5 to 6-

kilometer areas of KTPS. The majority of heavy metals 

including lead (Pb), arsenic (As), mercury (Hg), chromium 

(Cr), nickel (Ni), cadmium (Cd), silver (Ag), uranium (U), 

and others, have little physiological and biochemical effects 

in plants and animals. They are regarded as non-essential 

metals that cause tissue and cellular damage which can result 

in several illnesses and negative consequences2. Metal ions 

interact with DNA to cause DNA damage, which can then 

result in cell cycle modulation, cancer, and other 

conformational alterations of various metabolic pathways22. 

The physicochemical characteristics of soil such as its pH, 

electrical conductivity, organic carbon content, and nutrient 

availability, can all be altered by fly ash contamination. 

Additionally, the heavy metal contents in fly ash such as 

arsenic, lead, chromium etc. can disrupt soil microbial 

activity, thereby affecting soil fertility and crop 

productivity16,31. Understanding the physicochemical and 

microbial properties of fly ash-contaminated soil is critical 

for assessing its impact on agricultural practices and local 

ecosystems. 
 

The objective of the current study is to assess the current 

state of the agricultural land surrounding the Kolaghat 
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Thermal Power Station (KTPS) in Purba Medinipur, West 

Bengal, India (22°24′56″N, 87°52′12″E) following the 

release of coal combustion byproducts into the local 

environment (Figure 1). The toxic contribution of the KTPS 

in the adjacent soil was assessed in terms of physico-

chemical properties and microbial load in the surrounding 

soil. We examined the physico-chemical properties of the fly 

ash-contaminated soil from six locations in the surrounding 

areas of KTPS to understand the soil conditions for plant 

growth. We also quantified metal content (Pb, As, Cr, and 

Fe) in all the samples of the study areas to know the risk of 

heavy metal contamination in the soil. Besides, we studied 

the colony-forming unit (CFU) of bacteria and fungi in all 

the samples to analyze the toxic contribution of KTPS.  

 

Material and Methods 
Collection of fly ash and fly ash fly-contaminated soil: Fly 

ash-contaminated soil (FCS) from the six locations of the 

study area (viz. Katchora Kharisha, Mandar Gachha, 

Baragechhe, Amalhanda, and Denachara) was collected 

(Figure 1). The soil of the sampling stations was abbreviated 

as FCS1 to FCS6 respectively.  From each location, five soil 

samples were taken randomly from 0 - 30 cm below the soil 

surface in a sterilized large plastic bag with proper labeling. 

All five samples of the same weight at each location were 

mixed thoroughly. Control soil sample was collected from 

Jiakhali (a location, not contaminated by Fly ash) of Purba 

Medinipur district, West Bengal, about 25 km away from 

KTPS following the above process.  

 

The composite sample was treated as a representative one 

for the specific location. Fly ash samples of the same weight 

were collected from different ash ponds which were mixed 

thoroughly to prepare a composite sample. Following 10 

days of air drying, each sample was sieved using a standard 

2-2.37 mm and finally stored at room temperature (28±2°C) 

for further study. 

 

Soil testing: To determine the level of physico-chemical 

properties including pH, EC, particle density total organic 

matter, total organic carbon, water holding capacity, bulk 

density, NPK content, and heavy metals (Pb, As, Cr, and Fe) 

concentration in the polluted soil, samples were tested 

following the relevant standard method with some 

modifications. The pH was tested in a suspension of soil and 

distilled water (1:2.5) using a pH meter following the test 

method of IS-2720-2612. Electrical conductivity was 

determined using an electrical conductivity meter in soil and 

distilled water suspension (1:2), following the test method of 

IS-1476713. Bulk density and particle density were measured 

by using a metal cylinder (Pycnometer that is a specific 

gravity bottle) and weight machine following a previous 

method3.  

 

 
Figure 1: Study area of the fly ash contaminated soil of the surrounding area of KTPS in West Bengal, India  

(This figure was modified and adopted from Gayen et al9). 
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Soil nitrogen was tested by the acid-based titration method17. 

Total organic carbon (TOC) was tested using a modified 

standard method37. Total organic matter (TOM) was 

measured by using a Muffle furnace, sieve, and oven 

following the described method by Schulte and Hopkins32 

applying the formula: 

 

Total Organic Matter (%) = [(WS1-WS2) / WS1] ×100 

 

where WS1 = Weight of Soil at the temperature of 105 0C 

and WS2 = Weight of Soil at the temperature of 400 0C. 

 

All the heavy metals contents (Pb, As, Cr, and Fe) including 

phosphorus (P) and potassium (K) were measured using 

Energy Dispersive X-ray Fluorescence (EDXRF) instrument 

(Model- NEX CG; Serial- CG1542; Rigaku technologies). 

  

Estimation of colony forming unit in the soil samples: 
The colony forming unit (CFU) of soil microorganisms was 

determined by following steps:  

 

Preparation of soil sample solution and serial dilution: 

One test tube was taken with 10 ml of sterilized distilled 

water, and 1 gm of the sample was added in the test tube. It 

is treated as the original solution, and other seven test tubes 

are filled with 9 ml of water (sterile distilled) each. 

Afterward, 1 ml of the suspension from the above original 

solution was taken and added to a test tube containing 9 ml 

of water (distilled) to prepare a 10-1 diluted solution. One ml 

of solution from the 10-1 dilution was taken to transferred 

into another test tube filled with 9 ml of water (distilled) to 

get a dilution of 10-2. Thus, the process was followed serially 

to get 10-7 diluted solution38. Each time, the vortex was done. 

 
Plate Preparation: For each sample, three plates were taken 

for fungal growth, and three plates were taken for bacterial 

growth. Relevant media were taken in the plates. Then 0.2 

ml of 10-7 dilution was inoculated on culture media and 

spread properly. There were three replicates for both fungal 

growth and bacterial growth of each sample. Then, the 

bacterial plates and fungal plates were incubated for 48 h and 

72 h respectively at 37 °C. Following incubation, the number 

of colonies was meticulously counted, and the mean value of 

three replicates for each sample was taken. The microbial 

colony was counted using the following equation: 

 

CFU/ml = (No. of colony × Inverse of dilution taken) / 

volume of inoculum taken 

 

As the original solution of 10 ml had a 1 gm sample, the 

formula is: 

 

CFU/gm DW= CFU/ml × 10 

 

Statistical analysis: All values are represented as the mean 
of three replicates ± Standard deviation (mean ± SD). The 

data were analyzed to test the statistical significance (p < 

0.05) using One-way Analysis of Variance (ANOVA), and 

Duncan’s multiple study was applied by the Statistical 

Package for Social Sciences (Version 16.0) software. 

 

Results and Discussion 
Physicochemical properties: The physico-chemical 

characteristics of soil have significance in monitoring 

environmental pollution. The results of the physicochemical 

properties of the collected fly ash-contaminated soil (FCS) 

samples of the studied stations are represented in figure 2. 

 

pH and electrical conductivity: The pH of the collected fly 

ash contaminated soil (FCS) of the studied stations ranged 

from 6.15±0.11 (FCS4) to 6.89±0.03 (FCS1), and electrical 

conductivity (EC) from 480.46±11.05 (FCS5) to 

810.76±7.95 (FCS4). The soil of all the stations was acidic, 

and the pH value was lower than 7.61±0.04 (NCS) due to fly 

ash (pH 6.16±0.04) contamination as one of several factors. 

All the fly ash polluted soils have higher EC than NCS 

(509.93±8.34 µs/cm) other than FCS5 (480.46±11.05 

µs/cm). EC of the FA was higher (1332.43±25.45 µs/cm) 

than the control soil (509.93±8.34). 

 

It has been noticed previously that the acidic property of the 

FA is due to the higher sulphur content of the used coal21. 

Therefore, it could be significantly indicated that the acidic 

nature of the FCS samples of the studied area was due to fly 

ash contamination over a long period. Soil pH may alter the 

solubility of the salt. The soluble salts that are present in the 

soil are referred to as soil salinity. Increasing acidity of the 

soil with a low pH value causes dissociation of the 

electrolytes. This results in high soluble salt content in the 

soil. So, Soil pH was an important factor other than depth, 

temperature, water holding capacity etc. which affected the 

EC also23.  

 

This study also revealed that soil electrical conductivity was 

higher with increasing acidity, supporting the previous 

studies1,11.  

 

Bulk density and particle density: BD of the collected fly 

ash contaminated soil (FCS) of the studied stations ranged 

from 1.12±0.07 gm/cm3 (FCS6) to 1.31±0.05 gm/cm3 

(FCS4) whereas the PD ranged from 1.64±0.03 gm/cm3 

(FCS6) to 1.78±0.04 gm/cm3 (FCS4 and FCS5). The value 

of the BD for FCS - samples was observed to be lower than 

the control soil (1.43 gm/cm3). The bulk density and particle 

density of FA were 1.04±0.05 gm/cm3 and 1.84 ±0.05 

gm/cm3 respectively. The same mode of the result was also 

noticed in some previous studies which also depicted that 

bulk density had decreased with increasing aeration in the 

soil due to contamination of fly ash8,15,26. 

 

Total organic matter and organic carbon: Total organic 

matter and organic carbon in the FCS samples were 

decreased from the control. The decreasing order of organic 

matter of the collected FCS samples was NCS (5.02%) > 

FCS5 (4.87%) > FCS4 (4.84%) > FCS1 (4.42%) > FCS6 

(4.05%) > FCS3 (3.65%) > FCS2 (2.68%) whereas the 
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decreasing order of organic carbon was - NCS (2.94%) > 

FCS5 (2.87%) > FCS4 (2.83%) > FCS1 (2.55%) > FCS6 

(2.34%) > FCS3 (2.12%) > FCS2 (1.56%).   

 

Total organic matter and organic carbon in the FA sample 

were 2.87±0.02% and 1.47±0.04% respectively. Quite a low 

amount of organic Carbon in the coal fly ash has been 

reported in this investigation. A recent study has described 

that fly ash cannot enhance the carbon content30. Therefore, 

such mode of result regarding TOM and TOC in the present 

study was mostly due to fly ash contamination as it contained 

low levels of organic matter and organic carbon.  

 

 
Figure 2: Column graph showing A) pH, B) electrical conductivity, C) bulk density, D) particle density,  

E) total organic matter (TOM), total organic carbon (TOC), and F) water holding capacity (WHC) of the collected 

control soil sample (NCS) and fly ash contaminated soil (FCS) samples of KTPS surrounding stations and fly ash 

(FA). Different letters indicate statistically significant variations (p < 0.05) based on Duncan’s multiple comparison 

test and bars represent the standard error (± SE). 

 

 

 
Figure 3: Column graph showing NPK values comparatively of the collected control soil sample (NCS)  

and fly ash contaminated soil (FCS) samples of KTPS surrounding areas and fly ash (FA). Different letters indicate 

statistically significant variations (p < 0.05) based on Duncan’s multiple comparison test and bars represent  

the standard error (± SE). 
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Water holding capacity: The water holding capacity 

(WHC) of the FCS samples was higher than the NCS 

(Control). The increasing order was NCS (57.57%) < FCS1 

(62.75%) < FCS2 (65.74%) < FCS5 (70.79%) < FCS3 

(72.05%) <FCS6 (77.23%) <FCS4 (80.63%). In the case of 

FCS4 and FCS6, the water holding capacity was higher than 

FA (73.16 ±0.66%), and it could be due to higher organic 

matter including FA pollution in the soil of the studied 

stations. Fly ash contamination generally decreases the bulk 

density of the soil, which in turn helps to enhance water 

retention capability, including improvement of soil 

porosity11. So, the result regarding the WHO would advocate 

the scenario of FA contamination of the study area. 

 

NPK status: Available nitrogen was recorded highest in 

control soil (1997.33±11.01 mg/kg) followed by decreasing 

concentration in all the FCS samples. Nitrogen content in fly 

ash was 378.6±27.12 mg/kg. Available phosphorus content 

in the soil samples of the studied area was found to be lower 

compared to the control soil (4250±122.88 mg/kg). The 

potassium concentration of the studied area was recorded 

highest in FCS3 (27133.33±152.75 mg/kg) and lowest in 

FCS6 (24366.66±493.28 mg/kg). The average values of 

nitrogen, phosphorus, and potassium of the six stations of the 

studied area were 1569.08±248.33 mg/kg, 1296.77±700.32 

mg/kg, and 25213.88±372.86 mg/kg respectively. The 

average values showed that nitrogen and phosphorus content 

was lower than in the control soil whereas the potassium 

content was higher compared to the control 

(18033.33±152.75 mg/kg). The overall result is represented 

in figure 3.  

 

In general, the use of coal FA on rice fields with low organic 

carbon did not enhance available phosphorus and nitrogen. 

The amount of organic carbon, nitrogen, and phosphorous in 

the coal fly ash employed in this investigation was quite low. 

Hence, the result in this study indicated that the NPK status 

of the area was variously affected due to different levels of 

fly ash accumulation in the cultivated land as well as due to 

the application of chemical fertilizers by the farmers28. 

 

Heavy metal concentration: In this study, the 

concentration of heavy metals like Pb, As, Cr, Mo, and Fe 

(mg/kg) in all the soil samples including fly ash were tested. 

The results for the FCS samples are presented in table 1. A 

guideline for permissible limits or maximum threshold 

concentration of the toxic metals in the soil prescribed by 

various agencies is presented in table 2. 

 
Lead: Lead (Pb) is one of the moderately poisonous heavy 

metals, even in a small quantities35. The result revealed that 

the lead content (mg/kg) in the FCS samples of different 

stations of the KTPS surrounding area ranged from 

30.66±0.73 mg/kg (FCS6) to 43.36±2.04 mg/kg (FCS1) with 

a mean value of 37±4.99 mg/kg (Table 1). The lead content 

of each station and also the average value of the studied area 

was higher than the control soil sample i.e. NCS (15.9±0.45 

mg/kg). Lead content became higher due to the pollution of 

FA in which Pb concentration was highest (58.26±0.32 mg 

/kg). 

 

Arsenic: Arsenic (As) is one of the extremely poisonous 

toxic heavy metals. The maximum arsenic (As) content was 

found in the FCS4 sample (14.26±0.38 mg/kg) whereas the 

minimum arsenic content was in the FCS6 sample 

(7.02±1.45 mg/kg). Both the values were higher than the 

control soil (2.47±0.16 mg/kg). Even in the case of FCS3 

(13.2±0.63 mg/kg) and FCS4 (14.26±0.38 mg/kg), arsenic 

content was significantly higher than the FA (10.41±0.52 

mg/kg). The mean value of arsenic in the soil of KTPS 

surrounding area based on six stations was 10.4±2.77 mg/kg 

(Table 1). Such results could be due to FA contamination as 

well as excessive use of groundwater, chemical fertilizers, 

pesticides, weedicides, and insecticides during cultivation31. 

 
Chromium: Chromium (Cr) is a moderately poisonous 

metal and its long-term consumption can cause serious 

health damages35.  In the study, the control soil contained 

74.73±6.42 mg/kg chromium whereas all the FCS samples 

of the KTPS surrounding area had higher concentrations of 

Cr than the control.

 

Table 1 

Heavy metals content (mg/kg DW) in the control soil (NCS), collected fly ash contaminated soil (FCS) samples  

and fly ash (FA). 

Soil Samples 
Heavy Metals (mg/kg DW)  

Lead (Pb) Arsenic (As) Chromium (Cr) Ferrous (Fe) 

NCS (Cont.) 15.9±0.45a 2.47±0.16a 74.73±6.42a 32833.33±305.50b 

FCS1 43.36±2.04f 8.55±0.94c 139.00±1.00d, e 36366.66±416.33d 

FCS2 37.26±0.75e 9.75±0.27cd 118.33±10.96c 33866.66±503.32c 

FCS3 42.20±0.72f 13.2±0.63e 130.33±2.88d 51566.66±51.66f 

FCS4 35.36±0.56d 14.26±0.38e 141.00±1.73e 51733.33±602.77f 

FCS5 33.20±0.62c 9.62±0.26c, d 117.00±4.58c 43233.33±351.18e 

FCS6 30.66±0.73b 7.02±1.45b 94.46±3.47b 36266.66±208.16d 

FA 58.26±0.32g 10.41±0.52d 189.33±5.13f 26166.66±115.47a 

[Values represent the mean of three replicates ± SD. Values are statistically significant with respect to control at p < 0.05; a–f: the 

same letters indicate no significant difference between treatment groups at p < 0.05] 
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The amount of chromium varied from 94.46±3.47 mg/kg 

(FCS6) to 141 ±1.73 mg/kg (FCS4) with a mean value of 

123.35 ±17.35 mg/kg (Table 1). Hence the mode of higher 

concentration of Cr in the investigated area was probably 

due to FA pollution over a long period because chromium 

content was found more in FA (189.33±5.13 mg/kg). 

 

Ferrous: Ferrous (Fe) exhibits both deficiencies and toxicity 

to the human body. Ferrous is also an essential trace element 

found readily in soil. This study revealed that the amount of 

Fe (mg/kg) in the FCS samples of different stations of the 

KTPS surrounding area ranged from 33866.66±503.32 

mg/kg (FCS2) to 51733.33±602.77 mg/kg (FCS4) with an 

average value of 42172.21±7979.45 mg/kg (Table 1). 

Ferrous content in FCS3 and FCS4 samples exceeded the 

permissible limit of 50000 mg/kg proposed by WHO, 2007 

(Table 2).  The average value of Fe concentration of the 

KTPS area was quite higher than the control (32833.33 

±305.50 mg/kg) and FA (26166.66±115.47 mg/kg). Such 

mode of result could be due to FA accumulation throughout 

the area for a long period as well as excessive use of 

chemical fertilizers, pesticides, weedicides, and insecticides 

during cultivation31. 

 

The high content of all the assessed heavy metals (Pb, As, 

Cr, and Fe) indicated that the soil in the vicinity of the KTPS 

was polluted due to the overflow of FA from the fly ash 

ponds during the rainy season, disperse of the pollutants by 

air flow and irrigation of the cultivated land using FA 

contaminated water of the Rupnarayana river and the 

adjacent canal19,20. 

 

Table 2 
Permissible limits for heavy metals in soils prescribed by different organizations. 

Organizations  Heavy Metals (mg/kg DW)  

Lead 

(Pb) 

Arsenic 

(As) 

Chromium 

(Cr) 

Ferrous 

(Fe) 

WHO/FAO 

(1996, 2001, 2007)7,14,15 

100 (2001 and 

2007) 

 

12 (1996) 100 (1996), 

50 (2001), 

5-30 (2007) 

50000 

(2007) 

Indian Standard10 250-500 NA NA NA 

European standard10,16 300 NA 150 NA 

Dutch Standards25 85 NA 100 NA 

Finnish Standard (MEF-2007) threshold 

value and lower guideline value, 

respectively33 

60 and 

200 

5 and 50 100 and 200 NA 

         NA = Not applicable, MEF- Ministry of Environment of Finland, WHO = World Health Organization. 

 

 
Figure 4: Bar graph showing colony forming unit (CFU) of bacteria and fungi comparatively in the collected control 

soil sample (NCS) and fly ash-contaminated soil samples (FCS) of KTPS surrounding areas. Different letters indicate 

statistically significant variations (p < 0.05) based on Duncan’s multiple comparison test and bars represent the 

standard error (± SE). 
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Microbial load: Microbial activity indicates the health of 

the soil. As per the aims of the study, the bacterial and fungal 

load in the fly ash-contaminated soil collected from the six 

stations (viz. Kharisha, Katchora, Mandar Gachha, 

Baragechhe, Amalhanda, and Denachara) surrounding the 

KTPS are estimated with graphical representations in figure 

4. 

 

Bacterial Load: In the study, the lowest number of bacteria 

was observed in the FCS6 [(2250±100.00) ×107 CFU/gm)] 

which was collected from the Denachara station. On the 

other hand, the highest number of bacteria was observed in 

the FCS3 [(5566.66±617.11) ×107 CFU/gm], which was 

collected from the Mandar Gachha area. Both the values are 

higher than the bacterial population of NCS [(883.33±76.37) 

×107 CFU/gm] which was collected from Jia Khali of Purba 

Medinipur, WB, about 25 km away from KTPS. Hence, the 

gradual increase of bacterial load has been observed as NCS 

(883.33×107) <FCS6 (2250×107) <FCS1 (3550×107) <FCS2 

(4100×107) <FCS5 (4200×107) <FCS4 (5266×107) <FCS3 

(5566.66×107). When compared to control soil, fly ash-

contaminated soil in the KTPS surrounding areas showed an 

increase in the bacterial population along with an 

improvement in reproductive potential. 

 

Fungal load: On the other hand, the lowest number of 

fungal load was estimated in the FCS5 [(166.66±28.86) ×107 

CFU/gm] which was collected from the Amalhanda area 

whereas highest number of fungi was found in FCS6 

[(983.33±76.37) ×107 CFU/gm]. Hence the gradual 

increasing of fungal load has been observed as- FCS5 

(166.66×107) <FCS2 (183.33×107) <FCS4 (233.33×107) 

<FCS3 (266.66×107) <NCS (366.66×107) <FCS1 (800×107) 

<FCS6 (983.33×107). Fungal load was observed higher in 

FCS1 and FCS6 but lower in FCS5, FCS2, FCS3, FCS4 

compared with NCS. The comparative impact of fly ash on 

bacterial and fungal growth is shown in figure 4.  

 

In this study, the overall results were the same flow as the 

previous one34 which also depicted that FA addition could 

be beneficial to motivate the soil microbiota including 

enzymatic activities which in turn promoted the productivity 

of soil. The previous study also showed that a higher 

percentage of FA could upgrade heavy metal concentration 

in which stressed microbial growth deteriorated. Soils that 

have more organic matter are supposed to have more 

microorganisms4, but this result was not always seen 

because the growth of microbes in the soil was not controlled 

only by organic matter.   

 

The growth of microorganisms in the soil depends on the pH 

of the soil, the concentration of various heavy metals 

presents in the soil, and their nature of toxicity including 

microbial species. It was shown that a higher fly ash content 

reduced the overall number of bacterial and fungal species28. 
Increased FA dosages caused metal contamination which 

had detrimental impacts on soil microbial populations and 

associated enzymatic function. Therefore, lower FA dosages 

could be used to improve the soil’s microbiota, which is 

crucial for supporting plant growth34. The mode of result 

regarding microbial flora of the studied area was probably 

due to a certain level of FA contamination that was still 

under tolerance.  

 

Conclusion 
The findings of this study reveal significant alterations in the 

physico-chemical and microbial properties of soils 

surrounding the KTPS (West Bengal, India) highlighting the 

environmental consequences of fly ash deposition. Elevated 

levels of heavy metals and disrupted nutrient balance were 

observed, indicating some detrimental impacts of fly ash on 

soil quality. It was also found that bacterial activity was 

higher in all of the FCS samples, as fungal activity was 

enhanced in FCS1 and FCS6 of the KTPS area concerning 

control. The mode of result regarding microbial flora of the 

studied area was probably due to a certain level of FA 

contamination that was still under tolerance. In some of the 

FCS samples, fungal activity was less, which revealed that 

heterogeny of metal stress with variable concentration due 

to diffuse accumulation of fly ash could negatively impact 

the fungal growth.  

 

Additionally, the adverse effects on microbial diversity and 

activity underscore the long-term implications for soil health 

and agricultural productivity. These changes in soil 

properties not only compromise the fertility of the affected 

lands but also pose potential risks to local ecosystems and 

human health through the bioaccumulation of toxic 

elements. The study highlights the critical need for 

sustainable strategies for fly ash management to mitigate its 

adverse effects and also to support environmental restoration 

in the regions impacted by fly ash deposition. Protecting soil 

health is vital for ensuring the sustainability of agriculture 

and maintaining the ecological balance in regions impacted 

by thermal power plant emissions. 

 

Acknowledgement 
The authors sincerely appreciate the support and facilitation 

provided by Swami Vivekananda University and IIT 

Kharagpur, West Bengal, India in conducting this research. 

 

References  
1. Alam S.I., Hammoda H., Khan F., Enazi R.A. and Goktepe I., 

Electrical Conductivity, pH, Organic Matter and Texture of 

Selected Soils Around the Qatar University Campus, Res. Agric. 

Livest. Fish, 7, 403–409 (2020) 

 

2. Balali-Mood M., Naseri K., Tahergorabi Z., Khazdair M.R. and 

Sadeghi, M., Toxic Mechanisms of Five Heavy Metals: Mercury, 

Lead, Chromium, Cadmium, and Arsenic, Front. Pharmacol, 12, 

643972 (2021) 

 

3. Blake G.R., In Black C.A., Evans D.D., Ensminger L.E., White 

J.L. and Clark F.E., eds., Methods of Soil Analysis, Part 1, Physical 

and minerological properties, American Soil Association, 

Madison, USA, 374–390 (1965) 

 



Research Journal of Chemistry and Environment________________________________________Vol. 29 (7) July (2025) 
Res. J. Chem. Environ. 

https://doi.org/10.25303/297rjce064072        71 

4. Chandrakar T., Jena D., Dash A.K., Jena S.N., Panda N. and 

Monica M., Soil microbial activity as influenced by application of 

fly ash and soil amendments to maize crop in acidic alfisols, Int. 

Res. J. Agric. Sci. Soil Sci., 5, 120–128 (2015)  

 

5. Chatterjee S., Rai A. and Hazra S., Environmental Stress and 

Health Vulnerability Assessment around Kolaghat Thermal Power 

Plant, West Bengal, IOP Conf. Ser.: Earth Environ. Sci., 1164, 

012012 (2023) 

 

6. Chen Y., Fan Y., Huang Y., Liao X., Xu W. and Zhang T., A 

comprehensive review of toxicity of coal fly ash and its leachate in 

the ecosystem, Ecotoxicology and Environmental Safety, 269, 

115905 (2024) 

 

7. Dagne B.B., Endale T., Tesfahun K. and Negash D., Levels of 

some toxic heavy metals (Cr, Cd and Pb) in selected vegetables and 

soil around eastern industry zone, central Ethiopia, Afr. J. Agric. 

Res., 14, 92–101 (2019) 

 

8. Dhindsa H.S., Sharma R.D. and Kumar R., Role of fly ash in 

improving soil physical properties and yield of wheat (Triticum 

aestivum), ASD, 36, 97-101 (2016) 

 

9. Gayen S., Villalta I.V. and Haque S.M., Flood Risk Assessment 

and Its Mapping in Purba Medinipur District, West Bengal, India, 

Water, 14(7), 1049 (2022) 

 

10. Hindarwati Y. and Retnaningsih Soeprobowati T., Sudarno: 

Heavy Metal Content in Terraced Rice Fields at Sruwen Tengaran 

Semarang - Indonesia, E3S Web Conf., 31, 03009 (2018) 

 

11. Horvatinec J., Buczny J. and Ondrasek G., Fly ash application 

impacts master physicochemical pedovariables: A multilevel meta-

analysis, Journal of Environmental Management, 368, 122066 

(2024) 

 

12. IS 2720-26: Method of test for soils, Part 26: Determination of 

pH value, https://archive.org/details/gov.in.is.2720.26.1987/page 

/n10/mode/1up (1987) 

 

13. IS 14767: Determination of the Specific Electrical 

Conductivity of Soils, https://archive.org/details/gov.in.is.14767. 

2000/mode/1up (2000) 

 

14. Iyama W.A. and Edori O.S., Assessment of Levels and Safe 

Factor Index of Heavy Metals in Soils Around Diobu, Port 

Harcourt, Nigeria, IJARCS, 7, 1-14 (2020) 

 

15. Jaipal: Phytoremediation of flyash contaminated soil, http:// 

hdl.handle.net/10603/278645 (2018) 

 

16. Karapetkovska-Hristova Vesna, Treneski Valentino, Pavlović 

Ivan and Mustafa Syed Khalid, Assessing the Efficacy of Organic 

and Chemical Treatments for Varroa Mite Control in Macedonian 

Apiaries, Res. J. Biotech., 19(9), 47-55 (2024) 

 

17. Kjeldahl J., A New Method for the Determination of Nitrogen 

in Organic Matter, Fresenius, Zeitschrift f. anal. Chemie, 22, 366–

382 (1883) 

 

18. Luo C., Pajala G., Yekta S.S., Sarkar S., Klump J.V., Pujari P. 

and Routh J., Soil contamination caused by fly ash from coal-fired 

thermal power plants in India: Spatiotemporal distribution and 

elemental leaching potential, Applied Geochemistry, 170, 106080 

(2024) 

 

19. Mandal A. and Sengupta D., Radioelemental study of 

Kolaghat, thermal power plant, West Bengal, India: possible 

environmental hazards, Env Geol., 44, 180–186 (2003)  

 

20. Mandal A. and Sengupta D., An assessment of soil 

contamination due to heavy metals around a coal-fired thermal 

power plant in India, Environ Geol., 51, 409–420 (2006)  

 

21. Mishra S. and Prasad S.V.K., Impact of coal fly ash as soil 

amendment on physico-chemical properties of soil, Indian J Sci 

Res., 13, 15–20 (2017) 

 

22. Mitra S., Chakraborty A.J., Tareq A.M., Emran T.B., Nainu F., 

Khusro A., Idris A.M., Khandaker M.U., Osman H., Alhumaydhi 

F.A. and Simal-Gandara J., Impact of heavy metals on the 

environment and human health: Novel therapeutic insights to 

counter the toxicity, J. King Saud Univ. Sci., 34, 101865 (2022)  

 

23. Mohd-Aizat A., Sulaiman W.N.A. and Karam D.S., The 

relationship between soil pH and selected soil properties in 48 

years logged-over forest, Int. J. Environ. Sci., 4, 1129–1140 (2014) 

 

24. Mondal I., Maity S., Das B., Bandyopadhyay J. and Mondal 

A.K., Modeling of environmental impact assessment of Kolaghat 

thermal power plant area, West Bengal, using remote sensing and 

GIS techniques, Model. Earth Syst. Environ., 2, 139 (2016)  

 

25. Osmania M., Bani A. and Hoxhda B., Heavy Metals and Ni 

Phytoextractionin in the Metallurgical Area Soils in Elbasan, 

Albanian J. Agric. Sci., 14, 414–419 (2015) 

 

26. Page A.L., Elseewi A.A. and Straughan I.R., Physical and 

chemical properties of fly ash from coal-fired power plants with 

reference to environmental impacts, In Gunther F.A. and Gunther 

J.D., eds., Residue Reviews, Springer New York, New York, NY 

83–120 (1979) 

 

27. Pandey V.C. and Singh N., Impact of fly ash incorporation in 

soil systems, Agric. Ecosyst.  Environ., 136, 16–27 (2010) 

 

28. Priatmadi B.J., Septiana M. and Saidy A.R., Growth 

performance and yield of rice grown in three different types of soil 

collected from rice fields with coal fly ash application, Plant Soil 

Environ., 69, 314–323 (2023) 

 

29. Rabbani M., Hossain M.S., Islam S.S., Roy S.K., Islam A., 

Mondal I. and Imam Saadi S.M.A., Assessing thermal power 

effluent-induced air quality and associated environmental stress on 

Blumea lacera and Phyla nodiflora using chemometric, remote 

sensing and machine learning approach, Geol. Ecol. and Landsc., 

https://doi.org/10.1080/24749508.2024.2430042 (2024)  

 

30. Ram L.C. and Masto R.E., Fly ash for soil amelioration: A 

review on the influence of ash blending with inorganic and organic 

amendments, Earth-Science Reviews, 128, 52–74 (2014) 

 

31. Rashid A., Schutte B.J., Ulery A., Deyholos M.K., Sanogo S., 

Lehnhoff E.A. and Beck L., Heavy Metal Contamination in 

Agricultural Soil: Environmental Pollutants Affecting Crop 

Health, Agronomy, 13, 1521 (2023) 



Research Journal of Chemistry and Environment________________________________________Vol. 29 (7) July (2025) 
Res. J. Chem. Environ. 

https://doi.org/10.25303/297rjce064072        72 

32. Schulte E.E. and Hopkins B.G., Estimation of Soil Organic 

Matter by Weight Loss-On-Ignition, In Magdoff F.R., Tabatabai 

M.A. and Hanlon E.A., eds., SSSA Special Publications, Soil 

Science Society of America, Madison, WI, USA, 21–31 (2015) 

 

33. Toth G., Hermann T., Da Silva M.R. and Montanarella L., 

Heavy metals in agricultural soils of the European Union with 

implications for food safety, Environment International, 88, 299–

309 (2016) 

 

34. Varshney A., Mohan S. and Dahiya P., Composition and 

Dynamics of Microbial Communities in Fly Ash-Amended Soil, In 

Varma A., Tripathi S. and Prasad R., eds., Plant Microbiome 

Paradigm, Springer International Publishing, Cham, 231–246 

(2020) 

 

35. Verma C., Madan S. and Hussain A., Heavy metal 

contamination of groundwater due to fly ash disposal of coal-fired 

thermal power plant, Parichha, Jhansi, India, Cogent Engineering, 

3, 1179243 (2016) 

 

36. Vig N., Ravindra K. and Mor S., Environmental impacts of 

Indian coal thermal power plants and associated human health risk 

to the nearby residential communities: A potential review, 

Chemosphere, 341, 140103 (2023)  

 

37. Walkley A. and Black I.A., An examination of the degtjareff 

method for determining soil organic matter, and a proposed 

modification of the chromic acid titration method, Soil Science, 37, 

29–38 (1934)  

 

38. Wollum A.G., Cultural Methods for Soil Microorganisms, In 

Page A.L., ed., Agronomy Monographs, Wiley, 781–802 (1982) 

 

39. Yadav V.K., Gacem A., Choudhary N., Rai A., Kumar P., 

Yadav K.K., Abbas M., Khedher N.B., Awwad N.S., Barik D. and 

Islam S., Status of Coal-Based Thermal Power Plants, Coal Fly 

Ash Production, Utilization in India and Their Emerging 

Applications, Minerals, 12, 1503 (2022). 

 

(Received 03rd February 2025, accepted 07th March 2025) 

 


