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ABSTRACT 

The study concerns the assessment of physicochemical parameters and heavy metals of soil from the industrial area. The 
place where the study carried out was Thane-Belapur MIDC area of Maharashtra state, India. The industrial area is 
known for its various petrochemical industries and engineering units. Soil deposited by flowing industrial effluent, is 
probably highly polluted by heavy metals. The study helps to find out pollution condition of soil and strategy to fight 
against pollution of the environment in the area. The physicochemical parameters like pH, electrical conductivity (EC), 
Organic Carbon (OC), Organic Matter (OM), Total Hardness (TH), Chlorides (Cl-), Phosphates (PO42-) and Sulphates (SO42-

) were assessed. The heavy metals (chromium, iron, cobalt, nickel, copper, zinc, arsenic, cadmium and lead) were 
determined by conventional open acid digestion method using Inductive Coupled Plasma- Atomic Emission Spectrometer 
(ICP-AES) model ARCOS from five major stations from Thane-Belapur MIDC area. The average concentrations of heavy 
metals exceeded acceptable standards for soil pollution with heavy metals. The maximum concentrations in mg/Kg 
respectively of the heavy metals studied (copper, iron, zinc, lead, cobalt, nickel and arsenic) respectively. The results 
clearly show that the soil deposited by flowing industrial effluent are heavily polluted. 
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INTRODUCTION 
Every nation is hungry for development. Industrialization has gifted our environment lot of pollution of 
air, water and soil. Water is regarded as the most fundamental and indispensable of natural resources [1]. 
Environmental pollution is one of the most serious problems facing humanity and other life forms on our 
planet today. Industrial effluents discharged into water bodies contain toxic chemicals, hazardous 
compounds like phenols, aldehydes, ketones, amines, cyanides, metallic wastes, plasticizers, toxic acids, 
corrosive alkalis, oils, greases, dyes, biocides, suspended solids, radioactive wastes and thermal pollutants 
from various industries [2]. Heavy metals in wastewater come from industries and municipal sewage, and 
they are one of the main causes of water and soil pollution [3]. Its ultimate fate is either agricultural land 
or rivers. As far as agricultural use is concerned, it is not only a rich source of nutrients and organic 
matter but it also includes heavy metals like Fe, Mn, Zn, Pb, Cr Cd, Ni, or Co [4]. Soil sample represent an 
excellent source to monitor heavy metal pollution because any source of heavy metals are usually 
deposited in top soils [5]. Therefore, analysis of heavy metals in water and soil offer an ideal means to 
monitor not only the pollution, but also to quantify the overall environment [6]. 
Thane-Belapur industrial area is referred in MIDC document as the TTC (Trans-Thane Creek) is one of the 
most industrialized area containing about 1200 industrial units.  It covers an area of 2,546 hectares at 
19004’22.52”N and 73001’08.40”E, and lies on east of the Thane creek, Thane-Belapur road between the 
urban centers of Thane and Nerul. It has approximately 16 kilometers in length and flanked by the 
Mumbra-Parsik hills to the east [7]. The industrial composition of this area has been dominated by 
petrochemical and engineering units. These industries discharge polluted water into canals, rivers, 
creeks, and sea. The water bodies in the vicinity of this area are polluted. The sediments of the Ulhas 
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River have registered high levels of mercury and arsenic [8]. The Ulhas River empties into Thane creek at 
its northern end. As a result, thane creek is one of the most polluted seawater in the country [8]. 
The aim of the study is to assess the industrial soil in the Thane-Belapur MIDC area. Our objective is to 
assess physico-chemical characteristics and heavy metals of soil. It is well-known fact that the most 
economical and reasonable method for monitoring heavy metal levels in the atmosphere is using 
vegetation and soil samples [9]. An attempt has been made to assess the physico-chemical characteristic 
like pH, electrical conductivity (EC), Organic Carbon (OC), Organic Matter (OM), Total Hardness (TH), 
Chlorides (Cl-), Phosphates (PO4

2-) and Sulphates (SO4
2-)  and some heavy metals (chromium, iron, cobalt, 

nickel, copper, zinc, arsenic, cadmium and lead) from soil samples collected from industrial polluted area. 
The analyzed data were compared with standard values recommended by WHO and ISI. We have 
evaluated the impact of various water quality parameters on the industrial waste water quality in the 
area.  
 
MATERIALS AND METHODS 
Area of study: 

Thane-Belapur industrial area is referred in MIDC document as the TTC (Trans-Thane Creek) is one of the 
most industrialized area containing about 1200 industrial units.  It covers an area of 2,546 hectares at 
19004’22.52”N and 73001’08.40”E, and lies on east of the Thane creek, Thane-Belapur road between the 
urban centers of Thane and Nerul. It has approximately 16 kilometers in length and flanked by the 
Mumbra-Parsik hills to the east. The industrial composition of this area has been dominated by 
petrochemical and engineering units. These industries discharge polluted water into canals, rivers, 
creeks, and sea. Five stations (S1, S2, S3, S4 and S5) were selected so as to cover most part of these areas 
as shown in Figure 1.  

( Sampling Stations)

( )Source : MPCB Action Plan Report,2010

Map of Navi Mumbai

Geographical Location of Study Area

1. Latitude: 19.0693, Longitude: 73.0309, Altitude: -39.7094
0 0

2. Latitude: 19.0630, Longitude: 73.0293, Altitude: -22.7361
0 0

3. Latitude: 19.0609, Longitude: 73.0194, Altitude: -69.7759
0 0

4. Latitude: 19.0479, Longitude: 73.0261, Altitude: -29.8752
0 0

5. Latitude: 19.0570, Longitude: 73.0170, Altitude: -53.0489
0 0

 
Sample Collection: 
Soil samples were collected in self-locking polythene bags from each of the five designated sampling 
points (S1, S2, S3 S4 and S5). The samples were labeled and transported to the laboratory, dried at room 
temperature. The samples were ground in an agate mortar and pestle, passed through 2mm sieve and 
stored in air tight plastic bottles. 
Physico-chemical analysis: 
Selected physic-chemical properties of sampled soils like pH, Electrical Conductivity (EC), Organic Carbon 
(OC), Organic Matter (OM), Total Hardness (TH), Chlorides (Cl-), Phosphates (PO4

2-) and Sulphates (SO4
2-) 

were done by using standard analytical methods (10, 11,12). 
Heavy Metals Analysis: 
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Standard solutions of chromium (Cr), iron (Fe), cobalt(Co), nickel(Ni), copper(Cu), zinc(Zn), arsenic(As), 
cadmium(Cd) and lead(Pb) (1000 ppm) were procured from Merck and further dilutions were prepared 
in ultrapure water. Water used for dilution and rinsing of the glass apparatus was ULTRA Pure grade 
produced from water purifier of Millipore Corporation. 
0.5 gm. of the soil sample was taken in Teflon beaker and 10 ml of nitric acid and 5 ml of hydrofluoric acid 
were added to it. The solution was heated on a hot plate to dryness. 10 ml of Aqua Regia was added to dry 
mass and heated till everything dissolves. The solution was diluted to standard volume of 100ml with 
distilled water. Both the samples of soil were analyzed by using inductive coupled plasma- atomic 
emission spectrometer (ICP-AES) model ARCOS. The obtained data were multiplied by suitable 
multiplication factor to get accurate value of heavy metal.  
Statistical Analysis 
Descriptive statistics (Mean, standard deviation) of the data obtained were calculated. Correlation 
between the heavy metal in soil and water were done by using the software PAST version 2.3(13). 
 
RESULT AND DISCUSSION 
Physico-chemical analysis: 
The seasonal variations of various physico-chemical parameters above mentioned sites in Thane-Belapur 
MIDC area was determined and presented in Table nos. 2-4. The graphical representation of average 
value of physico-chemical parameters showing seasonal discrimination are shown in Figures 2(a-h). The 
Pearson’s coefficient of correlation matrix between Physico-chemical parameters and heavy metal are 
given in table no. 7(a & b).  
pH:  
pH is one of the most important factor that serve as an index for pollution (14). pH is a term to used 
universally to express the intensity of acidic or alkaline condition. Most of the samples are alkaline due to 
presence of organic compounds. The pH value of soil samples varied between 4.3 to 8.0. The pH values 
ranges from acidic to alkaline. If pH values are higher, this will affect adversely microbial life and 
corrosion rate. There is no remarkable variations of pH are found with reference to different seasons in 
all five stations except at station S2 in pre-monsoon season pH value is very low (4.3). The station S1 
shows pH value very high (8.0) in post monsoon season probably due to presence of carbonates and 
bicarbonates which makes water alkaline. pH in soil is positively correlated with SO4(r= 0.43),Cl-(r=0.38), 
TH(r=0.33), OC(r=0.22) and OM(r=0.18). 
Electrical Conductivity (EC) : 
Electrical Conductivity (EC) is the measure of water capacity to convey electric current and also it is a tool 
to assess the purity of water. It signifies the amount of total dissolved salts (15). The EC values ranged 
between 0.20 mmho cm-1 to 4.51 mmho cm-1. It is observed that soil samples with high EC values are 
predominant in sodium and chloride ions and also high amount of dissolved inorganic substances in 
ionized form. Station S2 (0.20 mmho cm-1) at monsoon season shows lowest value and station S5 (4.51 
mmho cm-1) at pre-monsoon season shows highest value. Concerned to seasonal variations it was found 
that maximum values observed in pre-monsoon and post-monsoon seasons compared to monsoon 
season. Correlation value also indicate that EC strongly correlated with the Total hardness(r=0.40), 
Organic Matter(r=0.38) and Organic carbon(r=0.33). 
Organic Carbon (OC): 
The OC values ranges in between 0.03% to 2.49%. Station S1 (0.03) at pre-monsoon season shows lowest 
value and station S1 (2.49 %) even at monsoon season shows highest value. Concerned to seasonal 
variations it was found that all three seasons, pre-monsoon, post-monsoon and monsoon shows high 
organic carbon (OC) value. Positive correlation were observed for OC with OM (r=96) as the organic 
carbon and organic matter are interdependent on each other. It also shows positive correlation with SO4 
(r=0.42), TH (r=0.40) and Cl-(r=0.24). 
Organic Matter (OM): 
The OM values ranged between 0.02 % to 3.24 %. Station S1 (0.02) at pre-monsoon season shows lowest 
value and station S1 (3.24 %) even at monsoon season shows highest value. Concerned to seasonal 
variations it was found that all three seasons, pre-monsoon, post-monsoon and monsoon shows high organic 
carbon (OM) value. Positive correlation were observed for OC with OM (r=96) as the organic carbon and 
organic matter are interdependent on each other. It also shows positive correlation with SO4 (r=0.31), TH 
(r=0.32) and Cl-(r=0.26). 
Total Hardness (TH): 
Hardness is the property which prevents lather formation with soap and increases the boiling points of 
water. In general, hard waters originate in areas where the topsoil is thick and limestone formations are 
present. Soft waters originate in areas where the topsoil is quite thin and limestone formations are sparse 
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or absent. Hard waters are satisfactory for human consumption as soft waters. There is some evidence 
that Ca2+ and Mg2+ are protective against heart alignments. The range of soft water is 0 mg/L -75 mg/L, 
medium hard water is 75 mg/L -150 mg/L, hard water is 150 mg/L -300 mg/L and very hard water is 
above 300 mg/L (16). The principal hardness causing cations are the divalent calcium, magnesium, 
ferrous and manganous ions. The hardness in water is derived largely from contact with soil and rock 
formations. Rain water as it falls upon the earth is incapable of dissolving the tremendous amounts of 
solids found in many natural waters. The total hardness value of soil samples analyzed varied from 0.16 
mg/L to 2.38 mg/L. From the results, it is clear that all samples are having lower hardness value. No any 
seasonal variations observed for total hardness values. 
The total hardness is positively correlated with all other studied parameters except PO4 which is 
negatively correlated (r=-0.39) 
Chlorides (Cl-): 
Chlorides usually occur as NaCl, CaCl2 and MgCl2 in widely varying concentrations, in industrial waste 
waters. The presence of chlorides in waste water can be attributed to the salt deposits, discharge of 
effluents from chemical industries, sewage discharge etc. The chlorides value of soil samples analyzed 
varied from 0.08 mg/L to 2.39 mg/L. From the results it is observed that the chlorides value of all the soil 
samples in all the three seasons is very low. Slight higher values observed at post monsoon season 
compared to pre monsoon and monsoon seasons. Chlorides are positively correlated with SO4 (r=0.19). 
Phosphates (PO4

3-): 
Phosphates may occur in soil as a result of domestic sewage, industrial discharge, detergents and 
agricultural effluents with fertilizer. Phosphates occur in in natural waters in low quantity as many 
aquatic plants absorb and store phosphorous many times their actual immediate needs. Phosphates 
concentration varied between 0.05 mg/L to 3.35 mg/L. No remarkable seasonal variation observed with 
station S3 shows highest values 3.35 mg/L in monsoon season. Most of other parameter are negatively 
correlated with the phosphate. 
Sulphates (SO4

2-): 
Sulphates occur naturally in soil as a result of leaching from gypsum & other common minerals, discharge 
of industrial wastes and domestic sewage. Sulphate concentration varied between 0.16 mg/L to 0.34 
mg/L. All three seasons shows lower sulphate value. Sulphate is positively correlated with all above 
parameter in soil. 
Heavy metal analysis: 
The analytical results obtained by AAS are shown in Table 5-7. The graphical representation of average 
value of heavy metals showing seasonal discrimination is shown in Figures 3(a-g).  AAS data calculated as 
mean and standard deviations of three replicates and multiplying the value with suitable dilution factor. 
The limit of detection for a certain element is the concentration, representing a corresponding analytical 
signal, which is the three times the standard deviation of the background in the vicinity of the signal. 
Experimental limits of detection (LOD) were determined according to The International Union of Pure 
and Applied Chemistry (IUPAC) recommendation, by applying the 3 σ criterions [17] to the heavy metals 
on the results of ten consecutive measurements of process blank solutions. The precisions for most of the 
heavy metals were less than 10 % R.S.D. with comparable accuracy. It can be seen that the concentrations 
of the heavy metals like Arsenic, Copper, Iron, Nickel and cobalt etc. are at the level above than that the 
value given by recommended guideline for permissible level of drinking water. The World Health 
Organization (WHO) (18) has given the maximum permissible level of chromium (0.05 mg/L ), iron (0.3 
mg/L), cobalt (0.1 mg/L), nickel (0.02 mg/L), copper (0.1 mg/L), zinc (3.0 mg/L), arsenic (0.01 mg/L), 
cadmium (0.03 mg/L) and lead (0.01 mg/L) in drinking water. 
The bioavailability and toxic impact in plant is determined by the soil temperature, pH, soil hydrous metal 
oxides, water hardness, clay contents and dissolved organic carbon contents [19]. The result (Table 1-3 
and figure 2a-h ) shows the high value of pH pH, Electrical Conductivity (EC), Organic Carbon (OC), 
Organic Matter (OM), Total Hardness (TH), Chlorides (Cl-), Phosphates (PO4

2-) and Sulphates (SO4
2-). 

Chromium (Cr): 
The result shows that the concentration of chromium was varied from 181.000 mg/kg to 944.000 mg/kg. 
Station S5 has the highest value (944.000 mg/kg) in post monsoon season while station S3 has lowest 
value (181.000 mg/kg). The chromium was present in all three seasons at all stations. Chromium and its 
compound are mainly used in the production of steel and other alloys, chrome plating and paints, which is 
major industrial activities in Thane – Belapur study area [20]. However, inadequate disposal of waste 
containing chromium at industrial sites has contaminated the land and water. 
Iron (Fe): 
The result shows that the concentration of iron was varied from1473.200 mg/kg to 4591.000 mg/kg. It 
was among the abundant elements in the soil samples analyzed. Station S1 has the highest value 
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(4591.000mg/kg) in post monsoon season while station S2 has lowest value (1473.200mg/kg) in 
monsoon season. In all the soil samples, presented values of iron is higher very high is post monsoon 
season than monsoon season. It was observed that in pre monsoon season iron was not detected at any 
stations. The high value in both the cases is due to the fact station S1 is upper most site the effluent is 
comes from directly hilly region where the stone mining is predominant activity. Iron is positively 
correlated with EC(r=0.26) 
Cobalt (Co): 
The concentration of cobalt varied from 990.000 mg/kg to 90.000 mg/kg. Station S3 has the highest value 
(990.000 mg/kg) in post monsoon season while station S2 has lowest value (90.000 µg/ml) in monsoon 
season. The cobalt was present in all three seasons at all stations. The source of cobalt to the environment 
may be burning of coal and the industrial processes that use the metals or its compound. It is strongly 
correlated to EC (r=0.60) which other physico-chemical parameters are negatively correlated. 
 Nickel (Ni) 
The concentration of nickel varied from79.000 mg/kg to2129.000 mg/kg.  Station S1 has the highest 
value (2129.000 mg/kg) while station S2 has the lowest value (79.000 mg/kg) in post monsoon season. 
The station S5 in pre monsoon season was also observed higher nickel value (1835.000 mg/kg). The 
nickel was present in all three seasons at all stations. The accumulation of nickel in the soil is obviously 
influenced by the thane Belapur highway and the adjacent industries. The high value of nickel i.e. 537.8 
mg/kg was also reported by Krishna and Govil in 2005. It is positively correlated with SO4 (r=0.25). 
Copper (Cu) 
The concentration of copper was varied from 294.000 mg/kg to 1596.200 mg/kg. Station S1 has the 
highest values (1596.200 µg/ml) in monsoon season while station S1 has the lowest value (7294.000 
mg/kg) in monsoon season. The station S5 in monsoon season was also observed higher copper value 
(1356.400 mg/kg). In monsoon season, copper values obtained were higher compared to post monsoon 
season and pre monsoon season. The high concentration of Cu in the study area is due to agro chemical 
industry and its application. It is strongly correlated with Cl-  (r=0.79). 
Zinc (Zn): 
The concentration of zinc varied from 413.000 mg/kg to 3424.000µg/ml. The Station S1 has highest value 
(3424.000 mg/kg) while station S2 has lowest value (413.000 mg/kg) in monsoon season. Station S4 in 
monsoon season also showed the higher zinc value (2016.000 mg/kg). The zinc was present in all three 
seasons at all stations. The possible high value of Zn in both the station and remaining station is due to 
domestic and industrial discharge of effluent such as liquid manure, composed material, fertilizers and 
pesticides in the study area (21). The presence of Zinc is positively correlated with Cl- (r=0.55), pH 
(r=0.39) and OM (r=0.36) 

 
TABLE 1. : PHYSICO-CHEMICAL PARAMETER OF SOIL OF POST-MONSOON SEASON 

Area pH EC OC OM TH Cl- PO43- SO42- 

Station (S1)    8.0   1.66    1.51 2.59 0.65    2.39 0.30  0.21 

 Station (S2) 5.2 1.06 1.20 2.06 0.36 1.70 0.50 0.20 
 Station (S3) 7.7 1.57 0.21 0.36 0.64 1.79 0.10 0.28 

 Station (S4) 7.2 1.17 1.00 1.72 0.30 2.04 0.35 0.26 

 Station (S5) 7.4 1.64 1.56 2.68 1.32 2.23 0.25 0.30 

 Note: Except pH, OC (%), OM (%) and conductance (mmho cm-1) values reported for all physico-chemical 
parameters is in mg/L 
ND: Not detected under experimental conditions 

 
TABLE 2. : PHYSICO-CHEMICAL PARAMETERS OF SOIL OF PRE-MONSOON SEASON 

Area pH EC OC OM TH Cl- PO43- SO42- 

Station (S1) 7.1 2.57 0.03 0.02 1.34 0.42 0.25 0.22 
Station (S2) 4.3 0.60 0.94 1.61 0.22 0.10 0.50 0.17 

Station (S3) 5.9 3.01 1.00 1.72 0.50 0.08 0.15 0.23 
Station (S4) 7.1 2.76 1.46 2.51 0.62 0.08 0.25 0.22 
Station (S5) 7.9 4.51 1.58 2.71 0.31 0.24 0.10 0.24 

Note: Except pH, OC (%), OM (%) and conductance (mmho cm-1) values reported for all physico-chemical 
parameters is in mg/L 
ND: Not detected under experimental conditions 
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TABLE 3. : PHYSICO-CHEMICAL PARAMETERS OF SOIL OF MONSOON SEASON 
Area pH EC OC OM TH Cl- PO43- SO4- 

Station (S1) 7.8 2.95 2.49 3.24 2.38 1.91 0.05 0.29 

Station (S2) 7.9 0.20 0.83 1.07 0.18 1.14 1.00 0.19 
Station (S3) 6.6 1.13 0.70 0.91 0.30 0.25 3.35 0.30 
Station (S4) 6.5 0.81 0.27 0.36 0.16 0.39 2.00 0.16 
Station (S5) 7.4 1.18 1.92 2.49 0.34 0.31 1.05 0.34 

Note: Except pH, OC (%), OM (%) and conductance (mmho cm-1) values reported for all physico-chemical parameters is in mg/L 
ND: Not detected under experimental conditions 

 
TABLE  4. : HEAVY METAL ANALYASIS OF SOIL OF POST-MONSOON SEASON 

 
Area 

 
Cr 

 
Fe 

 
Co 

 
Ni 

 
Cu 

 
Zn 

 
As 

 
Cd 

 
Pb 

 
 Station 
 (S1) 

 
234.000 ± 1.001 

 
4591.000±35.800  

 
674.000 ±8.304 

 
2129.000 ±18.800 

 
303.000 ± 0.200 

 
1024.000 ± 23.000 

 
ND 

 
  ND 

 
  ND 

 Station (S2) 513.000±20.091 1794.000 ± 3.900 409.000 ±5.002 79.000  ± 3.700 299.000  ± 2.000 833.000 ± 29.098 ND   ND   ND 

 Station (S3) 800.000 ± 1.231 3497.000 ± 8.100 990.000 ± 9.102 94.000  ± 4.700 297.000  ± 1.400 548.000 ± 23.080 ND   ND ND 

 Station (S4) 223.000 ± 0.001 3454.000 ± 8.300 501.000 ± 7.668 149.000  ±  5.600 295.000 ± 2.100 987.000 ± 25.560 ND ND ND 

Station (S5) 944.000±34.891 ND 910.000 ± 6.809 102.000  ± 2.300 300.000 ± 0.900 1034.000 ± 50.001 ND ND ND 

Note: Values in mg/kg; ND: Not Detected under experimental conditions 

 
TABLE  5. :  HEAVY METAL ANALYSIS OF SOIL OF PRE-MONSOON SEASON 

Note: Values in mg/kg; ND: Not Detected under experimental conditions 

 
TABLE  6. :  HEAVY METAL ANALYSIS OF SOIL OF MONSOON SEASON 

Area          Cr Fe Co Ni Cu           Zn      As      Cd  Pb 

 
 Station 
 (S1) 

 
906.000 ± 41.012 

 
1672.290 ± 3.890 

 
134.000 ± 6.234 

 
406.000 ± 9.876 

 
1596.200± 12.02 

 
3424.000 ±23.000 

 
330.000  
± 15.003 

 
25.000  
± 1.231 

 
ND 

 Station 
(S2) 

257.000 ±12.009 1473.200 ± 3.123 90.000 ± 3.002 274.000 ± 5.890 712.000 ± 1.021 413.000 ± 20.098 ND ND ND 

 Station 
(S3) 

218.000 ± 9.987 1538.120 ±32.980 162.000 ± 5.278 290.000 ± 6.500 549.800 ± 1.023 648.000 ± 23.980 ND ND ND 

 Station 
(S4) 

234.000 ± 11.005 1554.720 ± 0.800 111.000 ±4.678 271.000 ± 4.900 983.000 ± 1.134 2016.000 ± 99.564 ND ND ND 

 Station 
(S5) 

407.000 ± 19.954 1642.080 ± 7.230 312.000 ±6.009 487.000 ± 5.670 1356.400 ± 5.015 1643.000 ± 80.001 ND ND ND 

Note: Values in mg/kg; ND: Not Detected under experimental conditions 
 

TABLE 7 a.  Pearson Correlation Coefficient Matrix for total metal concentration and physico-
chemical characteristics 

 pH EC OC OM TH Cl PO4 SO4 

pH         
EC 0.30863        

OC 0.24419 0.33189       
Om 0.18246 0.38886 0.96333      
TH 0.3304 0.40021 0.40973 0.32139     

Cl 0.38233 -0.1943 0.24078 0.26688 0.38657    
PO4 -0.1501 -0.4631 -0.3011 -0.39864 -0.391 -0.33913   
SO4 0.4353 0.18193 0.42039 0.31864 0.3585 0.1989 0.06356  

 

Area         Cr Fe Co Ni Cu           Zn As Cd        Pb 

 
Station (S1) 

 
410.000 ± 10.093 

 
ND 

 
204.000 ± 3.004 

 
177.000  ± 6.500 

 
294.000 ± 2.100 

 
604.000 ± 12.000 

 
ND 

 
ND 

 
ND 

    Station (S2) 201.000 ± 5.110 ND 190.000 ± 3.232 137.000  ± 5.400 305.000  ± 1.400 600.000 ± 14.090 ND ND ND 

    Station (S3) 181.000 ± 4.001 ND 120.000 ± 5.128 114.000  ± 2.000 402.000  ± 6.000 708.000 ± 13.980 ND ND ND 

    Station (S4) 322.000 ± 9.201 ND 511.000 ± 7.008 147.000 ± 3.800 317.000 ± 1.800 889.000 ± 9.064 ND ND 2241.000± 08.7 

    Station (S5) 440.000 ± 10.081 ND 600.000 ± 6.899 1835.000 ± 6.200 306.000 ± 1.000 1340.000 ± 40.001 ND ND 3073.000 ±148.8 
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TABLE 7 b.  Pearson Correlation Coefficient Matrix for total metal concentration and physico-
chemical characteristics 

 Cr Fe Co Ni Cu Zn As Cd Pb 

pH 0.036711 -0.2391 -0.120 0.15694 0.25053 0.39641 0.26445 0.26445 0.021328 

EC 0.52758 0.26163 0.6059 0.025436 -0.18764 -0.051916 -0.028499 -0.028499 -0.26153 

OC 0.30921 -0.31921 -0.083076 -0.12697 0.17719 0.26147 0.15004 0.15004 0.04871 

Om 0.37432 -0.19357 -0.075396 -0.2221 0.31204 0.36996 0.21318 0.21318 -0.078993 

TH -0.13003 0.16022 -0.18656 0.15963 0.10143 0.10594 -0.014784 -0.014784 -0.26541 

Cl -0.16031 -0.12628 -0.7532 -0.17359 0.79339 0.55712 0.37894 0.37894 -0.30831 

PO4 -0.29493 -0.45988 -0.15637 -0.062305 -0.21741 -0.20648 -0.10751 -0.10751 0.35056 

SO4 -0.18007 -0.21955 -0.19245 0.25506 0.12033 0.16794 -0.17284 -0.17284 0.14312 
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Figure 2: Graphical representation of average value of physic-chemical parameters showing seasonal 
discrimination (a) pH (b) EC (c) OC (d) OM (e) TH (f) Cl- (g) PO43- (h) SO42- 
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Figure 3: Graphical representation of average value of heavy metals showing seasonal 
discrimination (a) Chromium (b) Iron (c) Cobalt (d) Nickel (e) Copper (f) Zinc 

Arsenic (As): 
In the present study, it was observed that arsenic was not detected in the soil samples, under the 
optimized experimental conditions for all stations in post monsoon season and pre monsoon season. 
Arsenic was present in station S1 (330.000 mg/kg ) but not detected in station S2, S3 S4 and S5 in 
monsoon season. It is not significantly correlated with physico-chemical parameter except Cl- (r=0.37). 
 Cadmium (Cd): 
In the present study, it was observed that cadmium was not detected in the soil samples, under the 
optimized experimental conditions for all stations in post monsoon season and pre monsoon season. 
Cadmium was present in station S1 (25.000 mg/kg ) but not detected in station S2, S3 S4 and S5 in 
monsoon season. It is not significantly correlated with physico-chemical parameter except Cl- (r=0.37). 
 Lead (Pb): 
The result shows that the concentration of lead was varied from 2241.000 mg/kg to 3073.000 mg/kg. It 
was among the abundant elements in the soil samples analyzed. Station S5 has the highest value 
(3073.000mg/kg) while station S4 has lowest value (2241.000 mg/kg) in pre monsoon season. It was 
observed that lead was not detected at station S1, S2 and S3 in pre monsoon season. Also lead was not 
detected in the soil samples, under the optimized experimental conditions for all stations in post 
monsoon season and monsoon season. It is not significantly correlated with physico-chemical 
parameters. 
 
CONCLUSION 
The result of the present investigation indicates that the soil contaminated by industrial effluent having 
towards toxicity as they are above the permissible ranges. Presence of high concentration of heavy metals 
is alarming situation for the health of all organisms present in nearby area. The present studies provide a 
baseline data with respect to water pollution which could be further useful to evaluate the anthropogenic 
influence on water resources. Necessary measures especially biodegradation and bioremediation 
strategies are needed to be adopted for the treatment of effluent before discharge in the sea in order to 
secure the aquatic as well as human life. 
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