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Abstract 

Sindri has got distinction of having first industrial unit in Public Sector Enterprises in the form of Fertilizer Corporation of India 

(FCI) during country’s post-independence, i.e. in the year 1948. Its industrial activities have been closed in 2002 and it is 

therefore expected to bear a change inthe land environment. Soil is one of the most precious natural resource on this planet. It is 

not only dirt but also a weathering product of rock and covers approximately 10% of earth surface. This 10% of earth surface 

produces all types of world’s crops. There are 700,000 types of soils. It varies from place to place depending upon the climate 

and topography. Soil is an important factor influencing the productivity of various eco-systems of our Planet. It is vital for 

existence of many forms of life. The upper most layer of the earth is also known as pedo-sphere. It comprises sum total of all 

organisms, soil, water and air. It is a vital media for chemical & biological reactions interfering in various ways in the process of 

life. The process of pedo-genesis is influenced by geographic, climatic, geologic, biologic and anthropogenic changes. and pedo-

sphere. Considering these facts, an assessment has been conducted through this study for integrating the present scenario of 

environmental status after closure of FCI, Sindri Unit in the area.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

One tea spoon full of soil contain microbes more than the population on this earth. It is one of the most important habitat or 

microbes. As per estimation, one gram of surface soil in general can contain the following: 

1) 0.1 to 1.0 billion cells of bacteria 

2) 10 to 100 million cells of actionmycetes 

3) 0.1 to 1.0 million cells of fungi 

Soil pollution is one of the most important burning environmental pollution. In a general sense, soil pollution definition is the 

presence of toxic chemicals (pollutants or contaminants) in soil in high enough concentrations to be of risk to human health 

and/or ecosystem. Additionally, even when the levels of contaminants in soil are not of risk, soil pollution may occur simply due 

to the fact that the levels of the contaminants in soil exceed the levels that are naturally present in soil (in the case of 

contaminants which occur naturally in soil). 

Soil pollutants include a large variety of contaminants or chemicals (organic and inorganic), which could be both naturally-

occurring in soil and man-made. In both cases, the main soil pollution causes are the human activities. Natural processes, 

however, may have an influence of the human released toxic chemicals (pollutants) in the soil, overall decreasing or increasing 

the pollutant toxicity and/or the level of contaminated soil (Mehta, et.al; 1988). This is possible due to the complex soil 

environment involving the presence of other chemicals and natural conditions which may interact with the released pollutants. 

The present study is limited to the physic-chemical characterization of soil collected from different locations of study area, 

represented by Table 1 & Table 2  to evaluate the capacity of pollution assimilation due to various causes of soil pollution.  

II. CAUSES OF POLLUTION 

Soil pollution can be caused by the following activities due to inception of proposed industrial growth (IARI, 1970):  

 Coal Ash: 

The study area falls in the command area of Jharkhand coalfield and coal ash is one of major causes of soil pollution. Historical 

deposition of coal ash used for residential, commercial, and industrial heating, as well as for industrial was a common source of 

http://www.environmentalpollutioncenters.org/chemical/
http://en.wikipedia.org/wiki/Coal_ash
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contamination in the study area. Coal naturally concentrates lead and zinc during its formation, as well as other heavy metals to a 

lesser degree. When the coal is burned, most of these metals become concentrated in the coal ash (the principal exception being 

mercury). Coal ash and slag may contain sufficient lead to qualify as a "characteristic hazardous waste".   

 Sewage: 

Soil pollution from the sewage can be ruled out even in the township equipped with modern STP. Treated sewage sludge, known 

in the industry as bio solids, has become controversial as a fertilizer to the land. As it is the by-product of sewage treatment, it 

generally contains more contaminants such as organisms, pesticides, and heavy metals than other soil. In the European Union, 

the Urban Waste Water Treatment Directive allows sewage sludge to be sprayed onto land. The volume is expected to double to 

185,000 tons of dry solids in 2005. This has good agricultural properties due to the high nitrogen and phosphate content. In 

1990/1991, 13% wet weight was sprayed onto 0.13% of the land; however, this is expected to raise 15 fold by 2005. Advocates 

say there is a need to control this so that pathogenic microorganisms do not get into water courses and to ensure that there is no 

accumulation of heavy metals in the top soil. 

 Pesticides and herbicides due to Run-off from Agricultural land 

A pesticide may be a chemical substance, biological agent (such as a virus or bacteria), antimicrobial, disinfectant or device used 

against any pest. Pests include insects, plant pathogens, weeds, molluscs, birds, mammals, fish, nematodes (roundworms) and 

microbes that compete with humans for food, destroy property, spread or are a vector for disease or cause a nuisance. Although 

there are benefits to the use of pesticides, there are also drawbacks, such as potential toxicity to humans and other organisms.  

Herbicides are used to kill weeds, especially on pavements and railways. They are similar to auxins and most are 

biodegradable by soil bacteria. However, one group derived from trinitrotoluene (2:4 D and 2:4:5 T) have the impurity dioxin, 

which is very toxic and causes fatality even in low concentrations. Another herbicide is Paraquat. It is highly toxic but it rapidly 

degrades in soil due to the action of bacteria and does not kill soil fauna.  

Insecticides are used to rid farms of pests which damage crops. The insects damage not only standing crops but also stored 

ones and in the tropics it is reckoned that one third of the total production is lost during food storage.  

III. HEALTH EFFECTS 

Contaminated or polluted soil directly affects human health through direct contact with soil or via inhalation of soil contaminants 

which have vaporized; potentially greater threats are posed by the infiltration of soil contamination into 

groundwater aquifers used for human consumption, sometimes in areas apparently far removed from any apparent source of 

above ground contamination (Mishra, 2004). Chronic exposure to benzene at sufficient concentrations is known to be associated 

with higher incidence of leukemia. Mercury and cyclodienes are known to induce higher incidences of kidney damage, some 

irreversible. PCBs and cyclodienes are linked to liver toxicity. Organophosphates and carbamates can induce a chain of 

responses leading to neuromuscular blockage. There is an entire spectrum of further health effects such as headache, nausea, 

fatigue, eye irritation and skin rash for the above cited and other chemicals.  

IV. ECOSYSTEM EFFECTS 

Not unexpectedly, soil contaminants can have significant deleterious consequences for ecosystems. There are radical soil 

chemistry changes which can arise from the presence of many hazardous chemicals even at low concentration of the contaminant 

species. These changes can manifest in the alteration of metabolism of endemic micro-organisms and arthropods resident in a 

given soil environment. The result can be virtual eradication of some of the primary food chain, which in turn could have major 

consequences for predator or consumer species. Even if the chemical effect on lower life forms is small, the lower pyramid levels 

of the food chain may ingest alien chemicals, which normally become more concentrated for each consuming rung of the food 

chain.  
Table – 1 

Soil Quality Monitoring Locations 

Sl. No Location Code Name of Monitoring location 

1 SS1 Farm House (HFCL) 

2 SS2 Shaharpura 

3 SS3 Rangamatia 

4 SS4 Domgarh 

5 SS5 Rohrabandh 

6 SS6 Manohartand Field 

 

http://en.wikipedia.org/wiki/Slag
http://en.wikipedia.org/wiki/Sludge
http://en.wikipedia.org/wiki/Water_supply_and_sanitation_in_the_European_Union
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Phosphate
http://en.wikipedia.org/wiki/Pathogenic
http://en.wikipedia.org/wiki/Microorganism
http://en.wikipedia.org/wiki/Heavy_metals
http://en.wikipedia.org/wiki/Herbicide
http://en.wikipedia.org/wiki/Trinitrotoluene
http://en.wikipedia.org/wiki/Paraquat
http://en.wikipedia.org/wiki/Aquifers
http://en.wikipedia.org/wiki/Predator
http://en.wikipedia.org/wiki/Food_chain
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Table – 2 

Characteristics of Soil of Sindri Area 

Sl. No. Parameters Unit 
Observed Values 

SS1 SS2 SS3 SS4 SS5 SS6 

1 Colour - Brown Light Brown Dark Brown Pale Brown Brown Brown 

2 pH - 6.9 7.1 6.8 7.2 7.1 6.8 

3 

Soil Texture  Clay Loam Silty Loam Clay Loam Clay Loam Clay Loam Clay 

a) Sand % 27 32 35 34 34 32 

b) Silt content % 42 42 30 31 30 28 

c) Clay content % 31 26 35 36 36 40 

3 Infiltration Rate cm/hr 1.1 1.2 1.27 1.32 1.14 1.21 

4 Bulk Density, gm/cc 1.40 1.38 1.30 1.36 1.34 1.34 

5 Porosity % 38 40 38 39 43 36 

6 Moisture % 6.2 5.4 6.2 7.4 7.5 6.1 

7 Organic Carbon % 0.90 1.00 1.00 1.10 0.96 0.99 

8 Nitrogen as N kg/ha 96 130 86 120 118 88 

9 Phosphorous as P2O5 kg/ha 5.5 7.6 5.4 7.4 7.2 5.2 

10 Potash as K2O kg/ha 110 138 115 132 130 120 

Soil Fertility Quality Standard w.r.t C:N:P:K 

Sl. No. PARAMETERS 
QUALITY STATUS 

Poor Medium Fertile 

1 Organic Carbon % <0.5 0.5 to 0.75 >0.75 

2 Nitrogen as N, kg/ha <280 280 to 560 >560 

3 Phosphorus as P2O5, kg/ha <23 23 to 57 >57 

4 Potash as K2O, kg/ha <133 133 to 337 >337 

V. RESULT & DISCUSSION 

06 nos. of top soil samples have been collected in the month of February 2013 from different locations of the study area (Sindri). 

Soil has been characterized with respect to 11 nos. of physico-chemical parameters such as Colour, pH, Soil Texture, Sand, Silt 

content, Clay content, Infiltration Rate, Bulk Density, Porosity, Moisture, Organic Carbon, Nitrogen as N, Phosphorous as P2O5, 

Potash as K2O 

The characterization has been made as per relevant standard methods presented in the methodology stated above (IARI 1970). 

The findings have been compared with the soil characteristics of Jharkhand compiled by Department of Soil Science & 

Agricultural Chemistry, BAU, Ranchi, and Jharkhand and sponsored by Department of Agriculture & Cane Development, Govt. 

of Jharkhand. 

 Soil Acidity & Colour: 

The soil pH is an important property of soil. It also indicates the degree of pollution and the existence & survival of microbes. 

The soil in the study area has been found to vary between 6.8 to 7.2. The soil of Jharkhand has been recorded between 4.4 to 7.2 

(Haldor et.al 1996). The pH value of Sindri soil as per standard classification falls in neutral zone (6.6 to 7.3) and it does not 

indicate any adverse remarks related to soil pollution either due to acidic release or acid rain in the area. 

 
Fig.  1: Soil Acidity Chart 

The colour of the soil has been found predominantly brown. In some of the soil the brownish tinge of soil changes from light 

brown to pale brown to dark brown. No relation can be predicted with acid. The dark brown soil and brownish soil both have 

been found corresponding to a pH of 6.8. However, the pale brown soil has been found to corresponding to a pH level of 7.2. 

The pH of fertile soil has been considered in natural range between pH 6.0 to 7.2. The colour of Sindri soil is dependent upon the 

concentration of iron oxide, aluminium oxide and humic substances. Iron oxide and humic substances form brown to dark 
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coloured soil. The pale brown colour of soil may be due to infusion of aluminium oxide in the soil matrix containing iron oxide 

and humic substances. The soil acidity chart has been presented above in Fig.1. 

 Soil Texture: 

The texture of soil refers to size distribution of mineral particles present in the soil. The ranges of sand, silt and clay has been 

presented below in Table 3.  
Table – 3 

Particle Size distribution of Sand, Silt & Clay 

Type of Mineral Particle Size Range 

Sand 2.0 - 0.06 mm 

Silt 0.06 - 0.002 mm 

Clay < 0.002 mm 

Soil texture has been determined with the help of soil texture triangular diagram and the soil has been classified into twelve 

classes depending upon the percentage distribution of particle size and has been reported accordingly, Fig. 2. 

 
Fig. 2: Soil Texture 

 Clay: 

The clay is most important mineral particle in soil. It has a very large surface area related to its volume. The large surface area is 

highly reactive and has the ability to attract and hold positively charged nutrient and micro-nutrients. These nutrients are 

available to plant’s root for nutrition. The clay particles are somewhat are flexible and plastic in nature. The above mentioned 

features allow the clay particles to absorb water and other beneficial substances for growth of plants and better yield of crops. 

Among the six samples, the sand has been found to vary from 27% to 35%. Similarly, the silt has been found to vary between 28 

to 42% and clay from 26% to 40%. The study reveals that the soil is under process of weathering with silt content as high as 42% 

and clay as low as 26%. Soil texture of all the six samples collected from different locations of the study area has been shown 

through Figure 2.  

 Infiltration Rate: 

The infiltration rate of all the six samples collected from the study area has been found in the range of 1.1 cm/hr to 1.32 cm/hr.  

 Bulk Density: 

The bulk density of all soil samples under study has been determined in gm/cc unit and has been found in the range of 1.3 to 1.4 

with the average value of 1.353 gm/cc. The evaluated bulk densities of all the six samples have been graphically presented 

through Figure-3. 

 Porosity: 

The porosity of all the six soil samples has been determined as per standard method and the result has been presented in 

percentage by volume. The results have been found to vary between 26% to 43%. Both the values of porosity have been found in 

brown coloured soil samples with pH as 6.8 and 7.1. 

 Moisture: 

The inherent moisture has been determined in percentage by weight and has been found in the range of 5.4 to 7.5. 
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 Organic Carbon: 

Organic carbon is one of the important and well recognized properties of soil. The soil organic matter plays a vital role in 

supplying plant nutrient, cation exchange capacity and biological activities. Soil organic matter contains approximately 50 to 

58% carbon with a factor of 2 to 1.72 for conversion of organic carbon to organic matter. Organic matter contains humic 

substances, which is considered as bio-chemical substance that makes upper layer of soil dark in colour. In case of iron bearing 

soil, the colour may be dark brown and the dark brown colour has been found in Sindri soil at many places. Humic substances 

are difficult to see and isolate from the soil because it binds with large number of minerals and organic particles. The proxy 

analysis of humic substances (Page et.al.,1982) based on estimation of organic carbon in Sindri has been found in satisfactory 

level as detail given below. The organic carbon content of all the six samples of the study area has been found in the range of 0.9 

to 1.1%. The result of organic carbon reveals that the soil is fertile in nature and variety of crops microbes can grow easily. The 

organic carbon in Dhanbad district has been found to vary between 0.09 to 3.9%. The distribution pattern of organic carbon in all 

the six samples is shown in Fig. 4. 

 Available Nitrogen: 

Available nitrogen has been determined as per standard method (Subbaiah & Asija 1956) and the result has been presented in 

Table-2. Many compounds including Chlorophyll and enzymes essential for growth of plants is constituted and grows with the 

help of organic nitrogen. The available nitrogen content in the top soil of study area has been found to vary between 86 to 130 

kg/ha. As per fertilizer standard, the minimum quantity of nitrogen has been estimated equivalent to 280 kg/ha. Thus, for proper 

growth of plants, the requirement of available nitrogen may be supplemented through chemical fertilizers namely urea, 

ammonium sulphate or organic fertilizer containing nitrogen. On an average, the nitrogen has been estimated equivalent 116.3 

kg/ha which is more than half estimated value for optimum growth of plants and crops, etc. The available nitrogen content in 

Dhanbad district (Mishra 2004) has been estimated between 58 to 785 kg/ha. The distribution pattern of available nitrogen in all 

the six samples collected from different locations of the study has been graphically presented through Fig. 5.  

 Available Phosphorous: 

The available phosphorous is one of the important component of Adenosine di-phosphate (ADP) and Adenosine tri-phosphate 

(ATP), which involves in energy transformation in plant. It is essential component of Deoxyribonucleic Acid (DNA), the seat of 

genetic inheritance in plants, microbes and animals. Phosphorous takes part in important functions like photosynthesis, nitrogen 

fixation, crop maturation, root development, strengthening straw in cereal crops etc. The available phosphorous content in all the 

six samples collected from the study area has been found to vary between 5.5 kg/ha to 7.6 kg/ha against the optimum 

requirement of 23 kg/ha. Thus, for proper growth and optimum survival of the plants and microbes, the soil needs a 

supplementation of phosphorous from the chemical fertilizers (Olsen, 1954). The distribution pattern of available phosphorous in 

all the six samples collected from different locations of the study has been graphically presented through Fig. 6. 

 Available Potash: 

Potassium is an activator of various enzymes responsible for plant processes like energy metabolism, starch synthesis, nitrate 

reduction and sugar degradation. It is extremely mobile in plant and help to regulate opening and closing of stomata in the leaves 

and up-take of water by root cells. The result of available potash in terms of K2O with respect to all the six samples collected 

from the study has been presented in Table 2 and the result has been to vary between 110 to 138 kg/ha. The higher result of K2O 

has been found in case of pH more than 7 and less value has been recorded in case of pH less than 7. The value of K2O 

marginally less than the minimum requirement of K2O for fertility quality characterization is 133 kg/ha. The distribution pattern 

of available phosphorous in all the six samples is shown in Fig. 7. 

   
Fig. 3: Distribution Pattern of Bulk Density              Fig. 4: Distribution Pattern of Organic C 
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Fig. 5: Distribution Pattern of Available N                  Fig. 6: Distribution Pattern of Available P 

 
Fig. 7: Distribution Pattern of Available Potash 

The variation with respect to bulk density, organic carbon, nitrogen, phosphorous and potash in the study area has been 

presented through histograms (Figs. 3 – 7). In case of bulk density, a minimum value has been recorded in Sample No: S-3 and 

maximum value in Sample No: S-1. In case of organic carbon, the variation has been found in the range of 0.9 to1.1% showing a 

high consistency in the distribution pattern. The nitrogen content in all the six samples has been found to vary between 86 kg/ha 

to 130 kg/ha indicating the different rate of nitrogen fixation in the soil. Phosphorous has been measured as P2O5 and has been 

found to vary between 5.4 kg/ha to 7.4 kg/ha.Similarly, Potash has been measured as K2O and has been found to vary between 

110 kg/ha to 138 kg/ha. The soil texture of all the six samples has been presented through Pie-Graph (Figures 8 - 13) indicating a 

non-consistency in the distribution pattern. The soil features consisting of soil texture, air, water, organic matter, humic 

substances (living or dead microbes) have been presented through Fig. 14 & Fig. 15.  The value of humic substances in the graph 

is a proxy data based on organic carbon. 

    
Fig. 8: Soil Texture of Sample No:S-1          Fig. 9: Soil Texture of Sample No:S-2 
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Fig. 10: Soil Texture of Sample No:S-3         Fig. 11: Soil Texture of Sample No:S-4 

      
Fig. 12: Soil Texture of Sample No:S-5               Fig. 13: Soil Texture of Sample No:S-6 

 
Fig. 14: Integrated Features of Sindri Soil with Maximum Porosity 
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Fig.  15: Integrated Features of Sindri Soil with Minimum Porosity 

VI. CONCLUSION 

The soil of the study area has been found to contain sufficient organic carbon and forms a suitable environment for the microbes 

which may help for remediation of pollutants. The deficiency of nitrogen in the soil is probably due to poor aeration and 

cultivation of the soil. The microbes present in the soil may enhance the fixation of nitrogen in the soil for proper growth of 

plants & crops. Soil of Sindri is a mixture of mineral matter, organic matter, gases, liquid and a myriad of organisms that has 

been supposed to support the life on this vicinity. This natural body has been considered as pedo-sphere in the text.  
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