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ABSTRACT 
 

The quality of soil and water from Jayarampettai village of Ranipet district, Tamil Nadu, India were tested from 
January 2019 to December 2019, and checked for its impact on the flora and fauna. The physicochemical, 
macronutrient and metal parameters for soil tested in the study area reported higher concentrations of iron and 
manganese which act as important indicators for environmental risk assessment creating awareness towards safe 
guarding of flora and fauna biodiversity. However, the metal parameters during water analysis were nil. The soil 
quality in polluted condition due to industrialization will certainly cause harm to the growth and quality of plant 
and animal life. Future studies on soil and water analysis of other villages in Ranipet district would determine 
the quality of soil and water for biotic community. 
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1. INTRODUCTION 
 
Ecologically, Ranipet is the one of the most strategic 
place where numerous industries started 
mushrooming, and is strongly influenced by soil and 
water contamination of industrial origin. The Ranipet 
industrial zone has been particularly polluted for a 
long time in light of unrestrained disposal of 
hazardous wastes from industrial facilities and 
exhaust gasses. As a result of the index of 
geoaccumulation, enrichment factor, contamination 
degree, and integrated pollution index applications, 
very high concentrations of pollutants were found in 
the soils and waters of Ranipet industrial area. The 
water nature of this region is constantly debasing due 
to industrial, domestic and agricultural activities. High 
concentrations of metals in the Ranipet soils too may 
be blended with groundwater by leaching [1]. The 
element concentrations can be introduced into the 
food chain via soil and water, and may be a serious 
threat for plant, animal and human health. Analysts 
have provided details regarding the soil and water 
quality of polluted sites of Ranipet                                        
[1-9]. Nevertheless, the investigation on the soil and 
water quality of Jayarampettai village of Ranipet 
district and its conceivable effect on flora and                     
fauna has not been accounted for till date. Such 
assessment will highlight the quality of soil and water 
for regular and other anthropogenic impacts, and 
along these lines, the same was assessed in the present 
study. 
 

2. MATERIALS AND METHODS 
 

2.1 Study Area and Study Design 
 

Jayarampettai village (12°55' 55.4268'' N and 79°20' 
0.4776'' E) is located 20Km away from Ranipet 
district, Tamil Nadu, India (Fig. 1). It is encircled by 
tannery and industrial units which includes leather 
and tanning industries, shoe factories, water effluent 
industries, ceramic industries, chemical factories, and 
dyeing electroplating industries. The study was done 
from January 2019 to December 2019. Sampling of 
soil and water was done in the early hours of morning, 
and transferred to the laboratory, with a minimum of 
three samples each. All the chemicals and reagents 
utilized in the present study were of analytical grade, 
purchased from Merck, India. Analytical grade water 
from Millipore water purification system (Make: 
Millipore, USA; Model: Elix and Synergy) was 
utilized for the preparation of all standards and 
solutions. The procedure adopted for analysis of soil 
and water parameters are tabulated and presented in 
Table 1.  

2.2 Soil Analysis 
 
Stratified random sampling was undertaken. The 
study area was partitioned into three zones viz., 
industrial area (zone 1), 10 km from industrial area 
(zone 2), and agricultural land/fields (zone 3). Soil 
parameters like soil texture, pH, electrical 
conductivity, macronutrients (nitrogen, phosphorous, 
potassium), and metals (iron, manganese, zinc, and 
copper) were analysed. Sampling procedures for soil 
samples were strictly followed wherein, first a 
uniform slice of the soil was taken from the surface to 
the depth of the insertion, and secondly, the same 
volume of soil was obtained in each sample. All soil 
sampling equipment’s were decontaminated prior to 
sample collection. Soil samples taken at a                              
depth greater than three inches was collected                          
with the aid of a hand auger. Care was taken that the 
soil sample was neither touched nor handled by                      
bare hands. The collected samples were                           
cleared off for stones, plant residues and other 
undesirable materials if any, and then packed in 
plastic bags. 
 

2.3 Water Analysis 
 
Three distinctive water sources, viz., effluent, 
corporation and bore well samples were examined for 
their physicochemical (appearance, colour, odour, 
turbidity, total dissolved solids, electrical 
conductivity, pH, alkalinity, total hardness), nutrient 
(calcium, magnesium, sodium, potassium, free 
ammonia, nitrite, nitrate, chloride, fluoride, sulphate, 
phosphate), and metal (iron and manganese) 
properties. Water samples (1000 mL) were collected 
in high-density polyethylene Tarson brand bottles 
after 2-3 times rinsing with the sample.  

 
2.4 Statistical Analysis 
 
Correlation matrix analysis was performed using 
SPSS software [10] for soil and water independently 
to determine significantly the parameters responsible 
for influencing the soil and water quality of the study 
area. The correlations among the parameters were 
assessed by the determination of Pearson                   
correlation coefficients, with significance accepted at 
P=0.01. 
 

3. RESULTS 
 

The texture of soil was sandy loam in all the three 
zones analysed, and the results of soil parameters, viz., 
pH, electrical conductivity, macronutrients like 



nitrogen, phosphorous, potassium, and metals like 
iron, manganese, zinc and copper tested in zone 1, 2 
and 3 reported values of 7.8, 8.0 and 8.4; 0.5, 0.2 and 
0.9; 146, 150 and 128; 8, 49 and 5; 113.5, 88.5 and 
100; 4.3, 3.9 and 3.9; 2.3, 2.5 and 2.1; 0.5, 0.2 and 
0.5; and 0.8, 0.9 and 0.7 respectively (F
displays the correlation coefficients between the soil 
parameters in the study area. The results of the 
physicochemical, nutrient, and metal 
effluent, corporation and bore well water in the study 
area showed marked differences amongst them. The 
effluent water was slightly turbid, and pale 
yellowish in colour with a strong odour, whereas the 
corporation and bore well water were clear and 
colourless, without odour. The physicochemical 
parameters, viz., water temperature, electrical 
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nitrogen, phosphorous, potassium, and metals like 
iron, manganese, zinc and copper tested in zone 1, 2 
and 3 reported values of 7.8, 8.0 and 8.4; 0.5, 0.2 and 
0.9; 146, 150 and 128; 8, 49 and 5; 113.5, 88.5 and 
100; 4.3, 3.9 and 3.9; 2.3, 2.5 and 2.1; 0.5, 0.2 and 
0.5; and 0.8, 0.9 and 0.7 respectively (Fig. 2). Table 2 
displays the correlation coefficients between the soil 
parameters in the study area. The results of the 

 parameters of 
effluent, corporation and bore well water in the study                          

showed marked differences amongst them. The 
effluent water was slightly turbid, and pale                    
yellowish in colour with a strong odour, whereas the 
corporation and bore well water were clear and 
colourless, without odour. The physicochemical 

., water temperature, electrical 

conductivity, turbidity, total dissolved solids, pH, total 
alkalinity and total hardness for effluent, corporation 
and bore well water were 28, 29 and 36; 3700, 692 
and 1857; 6, 1 and 2; 2590, 484 and 1300; 7.2, 7.9 
and 7.2; 488, 156 and 268; and 990, 192 
and 468 respectively (Fig. 3). Calcium, magnesium, 
sodium, potassium, free ammonia, nitrate, nitrit
chloride, fluoride, sulphate and phosphate represented 
the nutrient parameters and their respective values 
were 204, 39 and 93; 115, 23 and 57; 0, 0 and 0; 0, 0 
and 0; 0, 0 and 1.2; 30, 10 and 54; 0, 0 and 1.2; 810, 
103 and 326; 0.4, 0.4 and 0.6; 356, 48 and 151; 0.3, 0 
and 0. The respective values of metal parameters for 
iron and manganese was 0, 0 and 0.9; and 0, 0 and 0 
(Fig. 4). Table 3 displays the correlation coefficients 
between the water parameters in the study area.

Fig. 1. Map of the study area 
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Table 1. Procedure for analysis of soil and water parameters 
 

Parameters Unit Method 
SOIL 
Physicochemical 
Texture - Hydrometer 
pH - Systronic digital pH meter 
Electrical conductivity dS/m Conductivity meter 
Macronutrients 
Nitrogen mg/Kg Kelplus Distyl - EMS 
Phosphorous Colorimeter 
Potassium  Flame photometer 
Metals 
Iron mg/Kg Atomic absorption spectrophotometer 
Manganese 
Zinc 
Copper 
WATER 
Physicochemical 
Colour/Appearance Hazen Visual comparison 
Odour  - Physiological sense 
Temperature °C Mercury-in-glass thermometer 
Electrical conductivity μS/cm Conductivity meter 
Turbidity NTU Nephelometric turbidity meter 
Total dissolved solids mg/L Ion selective 
pH - Systronic digital pH meter 
Total alkalinity ppt Acid titration 
Total hardness EDTA titration 
Nutrients 
Calcium mg/L Flame photometer 
Magnesium Complexometric EDTA titration 
Sodium Flame photometer 
Potassium  
Free ammonia Complexometric EDTA titration 
Nitrate UV visible spectrophotometer 
Nitrite 
Chloride Argentometric titration 
Fluoride SPADNS spectrophotometer 
Sulphate Nephelometer and Turbidimeter 
Phosphate Stannous chloride 
Metals 
Iron mg/L Atomic absorption spectrophotometer 
Manganese 

 

 
 

Fig. 2. Soil parameters in the study area 
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Fig. 3. Physicochemical parameters of water in the study area 
 

 
 

Fig. 4. Nutrient and metal parameters of water in the study area 
 

Table 2. Correlation matrix of soil parameters in the study area 
 

  pH EC NI PH PO IR MA ZI CO 
pH 1         
EC 0.715 1        
NI -0.875 -0.963 1       
PH -0.248 -0.855 0.686 1      
PO -0.370 0.384 -0.125 -0.807 1     
IR -0.755 -0.082 0.344 -0.446 0.888* 1    
MA -0.654 -0.996 0.938* 0.894* -0.459 -6.4E 1   
ZI 0.188 0.821* -0.640 -0.998 0.842* 0.5 -0.866 1  
CO -0.654 -0.996 0.938* 0.894* -0.459 3E 1 -0.866 1 

*Correlation significant @ P=.01. pH: Hydrogen ion concentration; EC: Electrical conductivity; NI: Nitrogen; PH: 
Phosphorous; PO: Potassium; IR: Iron; MA: Manganese; ZI: Zinc; CO: Copper 

 
4. DISCUSSION 
 
The nature of soil and water depend upon various 
substance constituents and their obsession is generally 
evolved from the geological data of the particular 
village/area/district. By and large, the nature of soil 
and water relies upon the collaboration among soil 
and water, soil-gas connection, rocks with which it 
comes into contact in the unsaturated zone, and 
responses that occur inside [11,12]. Soil and water 

quality in an area is generally directed by 
disintegration and precipitation of minerals, water 
speed, nature of revive water, and relationship with 
different kinds of water, and anthropogenic exercises 
[13]. The regular substance nature of soil and water is 
commonly acceptable, yet raised centralizations of 
different constituents, can wreck soil and water use. 
Thus, soil and water information provides critical 
proof to its recharge, movement, development, 
capacity and storage [14]. 
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Table 3. Correlation matrix of water parameters in the study area 
 

  TE EC TU TDS pH TA TH CA MAG SO PO FA NTA NTI CH FL SU PH IR MA 
TE 1                    
EC -0.241 1                   
TU -0.433 0.979* 1                  
TDS -0.241 1 0.979* 1                 
pH -0.397 -0.794 -0.654 -0.794 1                
TA -0.296 0.998* 0.989* 0.998* -0.758 1               
TH -0.287 0.998* 0.987* 0.998* -0.765 0.999* 1              
CA -0.306 0.997* 0.990* 0.997* -0.751 0.999* 0.999* 1             
MAG -0.261 0.999* 0.983* 0.999* -0.781 0.999* 0.999* 0.998* 1            
SO  NA NA NA NA NA NA NA NA NA 1           
PO NA NA NA NA NA NA NA NA NA NA 1          
FA 0.993* -0.129 -0.327 -0.128 -0.5 -0.184 -0.175 -0.195 -0.148 NA NA 1         
NTA 0.833* 0.335 0.137 0.335 -0.838 0.281 0.290 0.270 0.316 NA NA 0.891* 1        
NTI 0.993* -0.129 -0.327 -0.128 -0.5 -0.184 -0.175 -0.195 -0.148 NA NA 1 0.891* 1       
CH -0.319 0.996* 0.992* 0.996* -0.742 0.999* 0.999* 0.999* 0.998* NA NA -0.208 0.258 -0.208 1      
FL 0.993* -0.129 -0.327 -0.128 -0.5 -0.184 -0.175 -0.195 -0.148 NA NA 1 0.891* 1 -0.208 1     
SU -0.299 0.998* 0.989* 0.998* -0.756 0.999* 0.999* 0.999* 0.999* NA NA -0.187 0.278 -0.187 0.999* -0.187 1    
PH -0.596 0.923* 0.981* 0.923* -0.5 0.943* 0.940* 0.947* 0.930* NA NA -0.5 -0.052 -0.5 0.951* -0.5 0.944* 1   
IR 0.993* -0.129 -0.327 -0.128 -0.5 -0.184 -0.175 -0.195 -0.148 NA NA 1 0.891* 1 -0.208 1 -0.187 -0.5 1  
MA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 1 

NA: Not applicable. Correlation significant @ P=.01. 
TE: Temperature; EC: Electrical conductivity; TU: Turbidity; TDS: Total dissolved solids; pH: Hydrogen ion concentration; TA: Total alkalinity; TH: Total hardness; CA: Calcium; MAG: Magnesium; SO: Sodium; PO: Potassium;  

FA: Free ammonia; NTA: Nitrate; NTI: Nitrite; CH: Chloride; FL: Fluoride; SU: Sulphate; PH: Phosphate; IR: Iron; MA: Manganese 
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Soil is a key part of the earth framework as it controls 
the hydrological, erosional, biological, and 
geochemical cycles [15]. Soils have been used to 
recognize the deposition, accumulation, and 
dissemination of heavy metals [16]. Physical and 
chemical assessment of soil relate the available soil 
nutrients with the soil properties [17]. Macronutrients 
have a significant role in the soil. Inadequacy of 
nitrogen influences the metabolic activity of the plants 
resulting in stunted growth, shorter internodes, light 
green and pale yellow leaves, and shedding of leaves 
and fruits [18,19]. Abundance of nitrogen is 
additionally an issue to the plant which will be 
revealed by the deferred development and 
susceptibility to insects and diseases. An insufficiency 
of phosphorous prompts impaired vegetative growth, 
weak root systems, purple stems and leaves, and poor 
yield of fruits and seeds [17,20]. Plants deficient in 
potassium are unable to utilize nitrogen and water 
efficiently, leading to chlorosis, defoliation, slow or 
stunted growth, weak unhealthy roots, uneven 
ripening of fruits, and poor resistance to temperature 
changes, drought, and pests [20]. Trace amount of 
metals assume an indispensable function in 
maintaining soil health and also productivity of crops, 
and are needed in very small amounts, and their 
deficiencies have become major constraints to 
productivity, stability and sustainability of soils [21]. 
Iron at low concentration causes yellowing of new 
leaves and green vein, and in excess causes tiny 
brown spots on lower side of leaves. Brown spots on 
the veins of the leaf blade and leaf sheath and stunted 
growth are indicative of its excess content of 
manganese [22]. Its deficiency leads to interveinal 
chlorosis which is a characteristic symptom, 
accompanied by infertility. Takkar et al. [23] stated 
that when the soils are low in organic matter they are 
prone to zinc deficiency which causes stunted growth 
and delayed maturity in plants, and on the other hand, 
excessive uptake of zinc by plants causes stunting, 
curling, rolling of young leaves, death of leaf tops and 
chlorosis. Copper inadequacy causes the tip of the 
leaves to turn to white, and its toxicity disturbs 
mitosis, inhibits root elongation, and damages root 
cell membrane [16]. Nonetheless, all the values of 
these metals in all the three zones were maintained, 
aside from iron and manganese which reported higher 
values in all three zones. The analytical results 
indicate that the trace metals were above the natural 
trace metal concentrations of soil samples which is a 
course of concern as these metals can accumulate to 
pollute the environment in turn threatening the biotic 
community. 
 
Waters get contaminated owing to the discharges of 
wastewater containing degradable organics, nutrients, 
domestic effluent, and agricultural waste [24], and the 

water quality worsens due to anthropological pressure 
and climate changes [25]. Some trace organic 
contaminants and metals force impacts on human, 
animal life, and aquatic ecosystems [26]. The metal 
sources include rock erosion, sediment relocation, 
atmospheric dust particles deposition or waste water 
inputs [27]. One of the key physicochemical feature 
of any water is temperature as they are influenced by 
precipitation and accessibility of light. Temperature 
influences the chemical, biochemical and biological 
characteristics of the aquatic system and indirectly 
regulates the colouration in aquatic organisms, 
especially fishes. Water temperature affects the biotic 
and abiotic stream processes such as the amount of 
dissolved matter, organic and inorganic pollutants, 
nutrients, and as well as the behaviour of invertebrates 
and fishes [28]. High temperatures have a profound 
effect on the physicochemical properties, and the 
biotic spectrum present within the water. Low 
temperature achieves the darkening impact while its 
ascent results in the concentration of pigments with 
consequent lightning of the colour [29]. Naturally, 
water remains at low temperature and evaporates to 
high temperatures. High temperatures in natural 
waters are recorded when heated waters or effluents 
are discharged from industries or power plants which 
was observed in the present study. Turbidity 
additionally lessens the overall convenience and its 
high values limits the filter runs which cause 
pathogenic organisms to be more hazardous to human 
life and the values of the present study was within the 
permissible limits set by standards. pH is a basic 
biogeochemical parameter, which assumes a vital role 
in natural processes and is of general significance in 
an ecosystem. The pH of water is critical to survival 
of most aquatic plants and animals. pH is reflected as 
a noteworthy characteristic factor and conveys 
information on various kinds of geochemical balance 
[30], and is the major deciding component to water 
destructiveness [29]. Many aquatic species cannot 
survive if pH dips under five or transcends nine, as 
changes in pH alter the chemistry of water [31]. 
Alkalinity in itself is not harmful to human being, but 
in large quantity, imparts bitter taste to water and may 
cause eye irritation in human [32]. 
 
Dispersion of nutrients is due to seasonal, tidal 
conditions and freshwater flow from land sources. 
The presence of high amount of nutrients may be due 
to heavy influx of fresh water derived from land 
drainage, electroplating, tanning, dyeing and textile 
manufacturing industries. Calcium and magnesium 
determine the hardness of water and are considered as 
micronutrients that influence the growth of plant and 
animals. High sodium content indicates pollution 
from human and animal waste by open defecation in 
the vicinity of a water body. Potassium, an important 
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macronutrient, generally appears in water and imparts 
softness and makes water salty. Though, found in 
small amounts, it plays a vital role in fish metabolism 
[33]. However, sodium and potassium were reported 
nil in the present study. Free ammonia is a product of 
decomposition of organic matters which tends to be 
high in water polluted by sewage, and in the present 
study they were nil, aside from bore well water. 
Increased nitrate amounts in water causes different 
problems such as decreased oxygen level resulting in 
effects on aquatic life, plants and algae, and further 
can change normal haemoglobin to methaemoglobin 
[34]. Nitrites unreasonable presence in water presents 
a wellbeing danger due to their poisonous oxidizing 
power. Hanson and Grizzle [35] noticed the 
pernicious impact of nitrogenous mixes, particularly 
the presence of nitrites at 6mg/L on the channel 
catfish (Ictalurus punctatus). Nevertheless, they were 
nil except for bore well water. Despite the fact that 
chloride is less unsafe, it still gives unpleasant taste to 
the water, and damages the floral vegetation [36]. The 
chloride values of the present study indicated the 
corporation and bore well water to be potable. 
Fluoride content in water increases the resistivity of 
tooth enamel against acids which cause the initiation 
of tooth decay when its concentration becomes high, 
and when low it causes discolouration of teeth. 
Elevated fluoride levels also may cause skeletal 
damage and bone disease [37], but their values were 
within the limits. Sulphate is found in small quantities 
due to industrial or anthropogenic additions in the 
form of sulphate fertilizers. High concentration of 
sulphate may be due to oxidation of pyrite and mine 
drainage [38]. Sulphate is obtained from the 
disintegration of salts of sulphuric acid which are 
found plentifully in all water bodies which have an 
effect on the aquatic life. High phosphate content is an 
index of pollution that influences water quality, and 
causes muscle damage, breathing problem, and kidney 
failure [39]. Nonetheless, they were nil except for 
effluent water indicative of industrial effluents. 

 
Entry of iron into the water body may be through the 
tinkering and electroplating shops, paint factory, 
electrical engineering works contributing to the 
increase in the heavy metal content. Iron is one of the 
key blood constituent in human and other living 
organisms, and an essential element for human 
nutrition and metabolism, yet in excess quantities 
results in toxic effect like hemochromatosis in tissues 
[29,34]. Iron content was recorded nil apart from bore 
well water which lie within the limits. Manganese is 
present as manganous ion in water and its high 
concentration may cause some adverse health effects 
[40], but in the present study their values were nil. 
Toxic metals are naturally found in the earth's crust 
throughout the ecosystem. Heavy metals in excess 

quantity have a negative impact on the 
immunocompetence, oxidative status and 
reproductive performance of birds. Developmental 
abnormalities were observed in embryos too with 
abnormal eyes, beaks, wings, legs, and feet [41]. It 
has been clearly established that metals enter the 
aquatic environment, and gets accumulated in the 
tissues of aquatic vertebrates and invertebrates, and 
they are instrumental in damaging the aquatic fauna 
[42]. The toxicity of a metal is dictated by numerous 
factors including concentration and duration of action, 
ambient temperature, oxygen content in water, pH, 
hardness of the water, and presence of compounds 
with which the metal may complex. Rise of water 
temperature, oxygen deficit, decrease of pH, and 
hardness usually enhance the metal toxicity for 
hydrobionts.  
 

5. CONCLUSION 
 
The reason behind waning nature of soil and water in 
this village might be due to location of industrial 
units. This study revealed that metal concentration in 
water was nil, yet significantly higher in soil at the 
site of the tannery locality than in the normal 
agricultural and residential areas. Metals accumulated 
in soil are adsorbed by vegetables and fruits that are 
eventually consumed by human and animals through 
the tropical food cycle. The metal parameters of soil 
act as significant pointers for ecological risk 
assessment seeking the attention of public towards 
safe guarding of flora and fauna biodiversity. Hence, 
it is recommended that suitable soil quality 
management is essential to avoid any further 
contamination. Future studies on soil and water 
analysis of other villages in Ranipet district would 
determine the quality of soil and water for biotic 
community. 
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