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Abstract 

The physiochemical parameters and heavy metal levels in soil samples at different site of industrial area were investigated during 
the two major seasons.   Soil samples at 0–15cm depth were collected during the period of monsoon and dry seasons.  The soil 
samples were treated and digested using microwave acid digestion methods. The heavy metal concentrations were determined 
with Atomic Absorption spectrophotometer (AAS). The mean levels range of Cd, Cr and Pb were 3.1µg/g  to 2.2 µg/g, 2.5 µg/g,  
to 5.8 µg/g, 2.8 µg/g,  to 5.0 µg/g for dry seasons and 2.0 µg/g to 2.9 µg/g,  2.2 µg/g to 4.2 µg/g ,  2.2 µg/g to 4.3 µg/g for 
monsoon seasons.  The analytical results indicated that in both monsoon and dry season’s metals concentrations were above the 
literature levels. 
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1. Introduction 

Million tons of waste from a variety of sources including industrial, domestic and agricultural discharge into the 
environment among this soil is the major recipient of solid waste [1]. Industrialization and human activities intensify 
the release of various pollutants and harmful toxic substances into the environment many industrial plants and 
especially heavy traffic may emit heavy metals into the atmosphere. Waste discharge from different sources and 
interacts with the soil system there by changing the physical and chemical properties [2] Excessive waste in soil may 
increase heavy metal concentration in the soil and underground water.  Heavy metals like Cd, Pb, Ni etc., are not 
necessary for plant growth but they are taken up and accumulated in plants in various levels [3-4]. Pollution of the 
environment by heavy metals is considered as an international problem. Heavy metals stress can cause pollution of 
soil and groundwater which directly affect the biological diversity and human health [5-6]. Toxicity sets in when the 
heavy metal content in the soil exceeds permissible level. This may cause ecological imbalance and reduction of 
environmental quality, influence yield and quality of crops as well as atmosphere, and health of animal through food 
chains [7]. The bio accumulation of these metals in plant tissue constitutes a hazard to man on consumption. The 
higher the concentration of these metals in soils, the higher the uptake by plant. Apart from uptake by plant, they can 
also be leached into underground water sources. Even slow movement of heavy metals in the soil profile may result 
in the deterioration of ground water quality [8-9].  The investigation of heavy metals in soil is essential since even 
slight changes in their concentration above the acceptable levels, due to natural or anthropogenic factors, can result 
in serious environmental and health problems [10-11]. The objectives of this study are to determine the 
physicochemical properties of soil in industrial areas and also to determine heavy metals concentration in soils in 
summer and monsoon seasons. The significance of the study was to provide more information on the levels of heavy 
metals present in industrial areas. 
 
2. Materials and Methods 
 
In this present study field experiments were conducted to identify the heavy metal pollution and their distribution in 
soils in industrial area of Tirupati, popularly known as “The pilgrim city” of India. There are about 100 industries 
surrounding Tirupati region dealing with battery manufacturing, dyeing, Fertilizers, pesticides & pharmaceutical 
production, electroplating, tannery, mining and metallurgy, paint, paper and pulp production. Most of these 
industries discharge their untreated effluents either open land or into ditches. 
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Soil samples were collected from five different sites in the industrial area at the depth of 0 to 15 cm, dried and stored 
in plastic bags and transported to the laboratory for heavy metal extraction and analysis.  The sampling at the above 
sites was carried out during two seasons such as summer and monsoon.  Samples were collected during the monsoon 
season and dry season using clean stainless steel shovel from 0-15 cm depth. A soil sample for each season control 
was also collected from a site about 50 m away from the industrial area. 
 

Physio chemical characteristics of soils were estimated as per the standard methods. All the chemicals and reagents 
used are of analytical grade and deionised double distilled water (DDW) was used throughout the analysis. The pH 
of soil was determined by the method of Sims and Heckendorn (1991) in 1:2 soil-water and sediment- water slurry 
using a digital pH meter (Systronics)[12The EC of the soil (mS/sm) was determined in 1:2 soil water (Jackson, 
1973) using a direct reading digital conductivity meter (Elico CM180), with a cell constant of 1.0[13]. 

Total metal concentration in the soil samples was determined by Mixed Acid Digestion Procedure. Soil samples 
were dried at 500C and sieved through <2 mm size using a nylon sieve.  The sieved  samples were ground using a 
mortar and pestle and 0.5g was accurately weighed and transferred into Kjeldahl flask and digested slowly on 
moderate heat and increasing later.  The digestion was continued for 10-15 minutes after the appearance of white 
fumes, cooled diluted with DDW and filtered using Whatman filter paper N0.44 and made up to 50 ml with DDW. 
A blank was prepared in similar manner. Metals in the solution have been quantified by Atomic Absorption 
Spectrophotometer. 

. 

3. Results and discussion 

Table 1 Physiochemical properties of soil samples. 

S.No 
 

sampling site 
 

Dry Wet 
pH EC pH EC 

1 Control 7.04 0.998 7.19 1.09 
2 S1 7.2 1.023 7.5 1.23 
3 S2 6.9 1.32 7.2 1.32 
4 S3 7.0 1.35 7.4 1.35 
5 S4 7.1 1.40 7.6 1.40 
5 S5 7.4 1.28 7.5 1.28 

Results are means ±SD(n=5) 

 

As shown in Table 1 the soil pH varied from 6.9 to 7.4 in dry seasons and 7.1 to 7.6 in wet seasons. Soil pH in 
control site was 6.5 which were slightly acidic. pH in all the samples was higher than control 6.3 and 6.5 
respectively in both dry and monsoon seasons probably due to the rainfall in monsoon seasons which dilute the soil 
samples  and lead to increase pH level of soil samples. Generally, fluctuations in pH values during different seasons 
of the year is influence the factors like removal of CO2 by photosynthesis through bicarbonate degradation, dilution 
of seawater by freshwater influx reduction of salinity and temperature and decomposition of organic matter [16]. 
Conductivity in control site was 0.998(mS/cm) and 1.09 (mS/cm) in dry and monsoon seasons. The electric 
conductivity at different sampling sites ranged from 1.023 (mS/cm) to 1.40 (mS/cm) and 1.23 (mS/cm) to 
1.40(mS/cm) in summer and monsoon seasons respectively. All the samples values were higher than the control. 
 
 
Table 2 represents the concentrations of metal in soils samples. The sequence of metal concentrations in the 
sampling sites was Pb>Cr>Cd in both dry and monsoon season. The heavy metal concentrations in soil for both dry 
and monsoon seasons were higher than control. Generally, higher mean heavy metal concentrations were recorded in 
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soil during the dry season than in the monsoon season due to dilution of soils samples at the time of rainfall. The 
metal concentration in soils both dry and monsoon seasons were higher than control. 
Cadmium concentrations in soil samples at different sites varied from 3.1µg/g to 2.2 µg/g in dry seasons and 2.0 
µg/g to 2.9 µg/g in monsoon seasons. The concentrations of metals at different sampling sites were higher than 
permissible limit of cadmium in soil is 0.005 ppm which indicates the progressive increase in the concentrations of 
heavy metals compared to the control site. Cadmium poisoning may cause damage to kidney and heart and 
prolonged exposure results in loss of calcium from the bone [17]. 
 
As shown in Table 2 & 3 and Figure 1a &b the mean concentrations of chromium in the soil samples were higher 
than the permissible limit 0.05 ppm [18]. Higher exposure to chromium  may cause dermatitis [19], perforation of 
nasal septa and kidney damage among other diseases [20].The concentrations of chromium in different sampling 
sites ranged from 2.5 µg/g to 5.8 µg/g in dry seasons whereas, 2.2 µg/g to 4.2 µg/g in monsoon seasons. All the 
sampling sites shown higher concentrations of metals compared to the control site. During the monsoon season, 
rainfall and the consequent freshwater inflow from the land in turn would have moderately reduced the salinity. 
Thus the variations in salinity in the study sites were mainly influenced by the rainfall [21]. 
 
 
 

Table 2 Metal concentrations in different sampling sites at Industrial area 

S.No 
 

Sampling 
site 

  

Dry  Monsoon 
Cadmium 
(µg/g) 

Chromium 
(µg/g) 

Lead 
(µg/g) 

Cadmium 
(µg/g) 

Chromium 
(µg/g) 

Lead 
(µg/g) 

1 Control 0.022 0.19 0.35 12 0.12 0.28 
2 S1  2.2  5.2 5.0   2.0  4.2  4.3 
3 S2  2.5  4.0  3.8  2.3  3.5  2.9 
4 S3  2.8  5.8  3.2  2.6  5.3  2.7 
5 S4  3.0  3.2  2.8  2.8  2.8  2.2 
6 S5  3.1  2.5  4.5  2.9  2.0  4.0 

Results are means ±SD(n=5) 

 
Figure. 1 a-b variation of metal concentrations in summer and monsoon seasons in industrial site  

 

 
 Fig. 1a       Fig.1b 
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The mean concentrations of lead in the soil samples were higher than the permissible limit 0.05- 0.1 ppm. 
Automobile and industrial emission is the two major sources of lead pollution [22]. Chronic lead poisoning, which 
will result in memory loss and restlessness. Lead has been found to inhibit enzymatic activity. As shown in the table 
and figure the lead concentrations in soil samples at different sites ranged from 2.8 µg/g to 5.0 µg/g and 2.2 µg/g to 
4.3 µg/g in dry and wet seasons respectively. 
 
4. Conclusion 
 
The bio accumulation of metals in plant tissue constitutes a hazard to man on consumption. The higher the 
concentration of these metals in soils, the higher the uptake by plant. Apart from uptake by plant, they can also be 
leached into underground water sources and contaminate water resources. Even slow movement of heavy metals in 
the soil profile may result in the reduction of ground water quality. The physiochemical parameters and heavy metal 
levels in soil samples at different site of industrial area were investigated at Tirupati during the two major seasons.   Soil samples 
(0–15cm) collected during the rainy and dry seasons.  The mean levels range of Cd, Cr and Pb were 3.1µg/g to 2.2 µg/g, 2.5 
µg/g,  to 5.8 µg/g, 2.8 µg/g,  to 5.0 µg/g for dry seasons and 2.0 µg/g to 2.9 µg/g,  2.2 µg/g to 4.2 µg/g ,  2.2 µg/g to 4.3 µg/g for 
dry season The concentrations of heavy metal ions were observed to be higher in soils at the industrial area of 
Tirupati region. There was a significant difference between the concentrations of all the metals at the industrial site and the 
control site in all the samples this implies that the activities that take place at the industries has a major influence on the 
environment. The levels of these metal ions obtained in this environment may affect human health since the crops 
grown in this environment are continuously consumed. Thus, there is need for remediation of this environment. The 
present information on the physico-chemical characteristics and metal concentrations in soil would be a useful for 
further studies. 
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