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ABSTRACT 

The periodic physicochemical parameters and heavy metals (Cd, Cr, Zn, Pb) of wastewater collected from 

three contaminated sites (Raipura, Sazidehra and Akelgarh) of river Chambal were investigated periodically. 

These physiochemical parameters were analyzed by standard methods. The pH of the wastewater and soil was 

found to be alkaline and temperature varied from 23-34 oC. The Raipura site was found to be more 

contaminated. The maximum total dissolved solid was 1613, the maximum biological oxygen demand was 2.6 

mg/l and the maximum chemical oxygen demand was 91.50mg/l at Raipura sites. The maximum DO was 

found to be at Sazidhera sites (705mg/l). The EC content was found to be maximum at Raipura sites and the 

OC was found to be high at Sazidehra sites. The physicochemical parameters studied were higher compared 

with the permissible limit prescribed by the United States Environmental Protection Agency and World 

Health Organization. Some remedial steps to be taken for avoiding water pollution. Phytoremediation is 

promising technology for heavy metals is environmentally friendly and cost effective the biochemical 

parameters (protein,chlorophyll,proline) were higher in plants at Sazidehra sites. The maximum concentration 

of heavy metals was at Raipura sites (Pb,Cd,Cr,Zn).In the present study at all the locations studied 

Alternanthera philoxeroides accumulated higher concentrations of heavy metals in the roots and it was found 

to be in the order of Zn>Pb>Cr>Cd.Maximum values of BCF for Cd were 25.716 indicating that the 

accumulation potential of Cd by Alternanthera philoxeroides is higher. TF reveals that Zn is more mobile 

from roots to shoots.Based on BCF values Alternanthera philoxeroides can be utilized as a good 

Phytoaccumulator of Cd, Pb,Cr,Zn. 

Keywords: Alternanthera philoxeroides, Cadmium, chlorophyll, Chromium, Lead, proline,   

                 protein, Zinc 

INTRODUCTION  

            Rajasthan is the largest state of India, which covers approximately 10.4 % area of the country but 

receives only 1/100 of the total rains. Therefore, the state faces water crisis every year. Due to arid and semi 

arid climate and insufficient surface water resources, Rajasthan depends heavily on groundwater for drinking 

and for agriculture purpose [21]. 

Some areas of river Chambal are heavily contaminated because of the unplanned industrial growth and 

accumulation of sewage waste without proper treatment. The river Chambal is the main source of raw water 

for many industries in Kota such as fertilizers, thermal, glass and chemical industries. The river is currently 

facing tremendous pressure due to encroachments, discharge of untreated domestic and industrial waste, 
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dumping of solid waste and illegal diversion of water. However, the river remains less examined with regard 

to important base-line information [18]. 

Studies have shown that improvements to a drinking water source or increased provision of water can 

reduce the number of disease-causing pathogens ingested by a community [15]. Now, Water pollution has 

become a major problem globally and a leading cause of diseases worldwide with approximately 14000 

people daily losing life because of water pollution [34], [47]. 

Environmental contamination through industrial waste is one of the major causes of water pollution. 

The specific contaminants leading to pollution in water include a range of chemicals (Heavy metals), 

pathogens, physical and sensory changes like high temperature and discoloration [8],[29],[7],[38],[31].One of 

the most well documented naturally occurring contaminants are arsenic which affects drinking water supplies 
in a number of countries [30] and fluoride [16],[3]. 

Heavy metals get deposited in soil and easily enter the food chain, accumulate in the bodies of animals 

and human beings and cause threats to human, animals and ecosystem health. If the metals are ingested 

beyond the permitted concentration, they can cause serious health disorders [4]. Heavy metals are 

accumulated as high concentrations in water, soil sediments and plants. This poses a challenging problem to 

the world of science and human kind. Therefore, it is necessary to treat metal-contaminated wastewater prior 

to its discharge to the environment. Prevailing technologies to remove contamination are efficient but 

expensive, labour intensive and soil disturbing [32]. 

Phytoremediation is the use of living green plants for in situ risk reduction or removal of various 

contaminants including heavy metals from contaminated soil, water, sediments and air [12],[10]. 

Phytoremediation can be classified as extraction, plant tissue concentrations, contaminant degradation, 

volatilization, immobilization at root level, and finally, erosion level and infiltration control. Extraction 

processes when used in water-based culture are called Rhizofiltration which is a maturing technology 

[36].This technology exploits plant’s innate biological mechanisms for human welfare. 

        Alternanthera philoxeroides (Alligator weed) is a perennial, stoloniferous herb; widely grown in rivers, 

lakes, ponds as well as many terrestrial habitats, used for the sorptive removal of  heavy metals like Ni(II), 

Zn(II),Pb and Cr(VI) etc. from waste water aqueous solutions [46].The objectives of this study were to 

investigate physiochemical parameters and heavy metal contents of contaminated sites of river Chambal and 

soil and to assess the potential of Alternanthera philoxeroides to phytoremediated the soil and water 

contaminated with heavy metals. 

 

MATERIALS AND METHODS  

Experimental Site: Collection of water and soil samples from Sazidehra Nallah, Raipura Nallah and 

Akelgarh (River Chambal/Control Site). The samples were collected in every three months duration.  

Physiochemical analysis 

Selected physicochemical parameters such as pH, temperature, turbidity, Total Dissolved Solids (TDS), 

Biological Oxygen Demand (BOD), Chemical Oxygen demand (COD) in the water were analyzed according 

to [1] and [43].The DO parameter was analyzed according to Romanian Standard [41]. 

Estimation of Soil Parameters:- 

Electrical conductivity (EC): EC was measured according to Chapman [11]. 

Organic Carbon (OC): OC was measured according to the method of Walkley and Black [45]. 
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Estimation of Chlorophyll and Carotenoids content: Chlorophyll ‘a+b’ (total chlorophyll) and total 

carotenoids were determined by the method of Arnon [2] and Krik and Allen [28] respectively.         

Estimation of Proline content  

Proline concentration was determined using the method of Bates [5]. Fresh leaves (0.125gm) were 

homogenized in 5 ml of aqueous sulphosalicylic acid (3%). The homogenate was centrifuged at 9000 × g for 

15 min. A 2 ml aliquot of the supernatant was mixed with an equal volume of acetic acid and ninhydrin and 

incubated for 1 h at 100°C. The reaction was terminated on ice bath and extracted with 4 ml of toluene. The 

extract was vortexed for 20 s and the chromatophore-containing toluene was aspirated from the aqueous phase 
and absorbance determined photometrically at 520 nm using toluene for a blank. 

Estimation of Protein Content: Protein content was estimated according to Osborne [33]. 

Heavy metals analysis in water, soil and plant samples  

The samples to be analyzed were digested with aqua regia. The digested samples were analyzed for 

heavy metals (Cd, Pb, Cr and Zn) using atomic absorption spectrophotometer (AAS VGB 210 System). The 

instrument setting and operational conditions were done in accordance with the manufacturers specifications. 

Set the lamp current, slit width and wavelength (Cd: 3.5mA,0.5nm,228.8nm; Pb:10mA,1.0nm,217nm, 

Cr:4mA,0.5nm,357.9nm and Zn:8mA,1.0nm,217nm).Specific cathode lamps were used to analyze the 

samples. The instrument has minimum detection limit in the flame method using flame gases (Air- 

Acetylene). 

Bioconcentration Factor and Translocation Ability: 

The bioconcentration factor (BCF) provides an index of the ability of the plant to accumulate the metal with 

respect to the metal concentration in the substrate [50]. 

BCF is given by: BCF = (P/E) i:Where i denotes the heavy metal, P represents the trace element concentration 

in plant tissues (mg/kg dry wt.) and E represents the trace element concentration in the water (mg/l). A larger 

ratio implies better phytoaccumulation capability. 

Translocation ability (TA) was calculated by dividing the concentration of a trace element accumulated in the 

root tissues by that accumulated in shoot tissues.[48]. TA is given by: TA = (Ar/As) i:i denotes the heavy 

metal, Ar represents the amount of trace element accumulated in the roots (mg/kg dry wt.) and As represents 

the amount of trace element accumulated in the shoots (mg/kg dry wt.). A larger ratio implies poorer 

translocation capability. 

Statistical analysis : The analysis of physico-chemical characteristics and heavy metal content of soil and 

plant samples was done in triplicates and the data is presented as mean ± standard error. 

RESULTS AND DISCUSSION: 

Though physico-chemical features of water resource are a critical indicator of water quality, it cannot 

be considered completely descriptive and reliable in absence of information about ecological factors [26].The 

physiochemical properties of water and soil with the subsequent interval of three months are given in Table 

1(a), 1(b) and 1(c) 

pH: In all the three sites pH of waste water ranged from 7.7-8.4. The studied samples were found to be 

slightly alkaline in nature.pH is one of the very significant chemical characteristics of all waters, which 

explains certain significant biotic and abiotic ecological characteristics of aquatic systems in general [9]. But 

ISI (1991) range is 6.5 to 8.5.  
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Temperature: In all the three sites temperature ranged from 23-34 °C and temperature of control site was 27-

34 °C. Temperature do not have any consequence on the aquatic life up to 40°C in the water bodies [17], 

while [24] observed that solubility of oxygen in the water increased when there was reduction in water 

temperature. Temperature of the water is also considered as determining factor for seasonal distribution of 

fauna and flora. 

BOD: Maximum value of BOD was found at Raipura site (2.6 mg/l) in the month of September.BOD is the 

amount of oxygen utilized by microorganisms in consuming the organic matter in water bodies. BOD is a 

measure of the actual oxygen demand of wastes under laboratory conditions similar to those found in the 

receiving waters, and is a good indicator of biodegradability of wastes. BOD increases as the bio-degradable 

organic content increases in water bodies. BOD above 6 mgL-1  in a water body is considered polluted and 

high BOD values are attributed to the stagnation of water body leading to the absence of self-purification [20]. 

It is important here to note that low BOD content is an indicator of good quality water, while a high BOD 

indicates polluted water. This means less oxygen is available to higher forms of aquatic life. The 

consequences of high BOD are the same as those for low DO. The cause of increased BOD in summer is that 

water microbes enhance their metabolic activity with intense amount of organic matter in the form of 

municipal and household discards and hence needs adequate oxygen. 

COD: Maximum value of COD was found at Raipura site (91.50 mg/l) in the month of December. The 

Chemical Oxygen Demand (COD) determination is a measure of the oxygen equivalent of that portion of the 

organic matter in a sample that is susceptible to oxidation by a strong chemical oxidant. It is an important, 

rapidly measured parameter for industrial waste water studies and control of waste treatments. COD test is 

used to measure the load of organic pollutants in the industrial waste water. In all the samples the COD values 

are very much higher than 4.0 mg/L which is a maximum permissible limit according to USPH Standard. 

DO: Maximum value of DO was found at Sazidhera site (7.5 mg/l) in the month of September. DO, is a vital 

parameter which describes for protection of aquatic life. High dissolved oxygen was noted during winter. It is 

because of greater photosynthetic rate which creates high content of DO. Generally, DO was minimum in 

winter and summer, but due to less rainfall, DO value was low in starting months of rainy season. DO value 

changes after rainy season because of the phenomenon of reoxygenation of water [19]. During winter, it is due 

to circulation by cooling and draw of DO [14]. Amount of low DO value has been related to the process of 

degradation of organic wastes involving the utilization of oxygen [22]. 

TDS: Maximum value of TDS was found at Raipura site (1613mg/l) in the month of September. The TDS is a 

direct measure of all the dissolved and suspended matters in water. It comprises dissolved salts, suspended 

particles, soil particles, discharged effluents and decomposed organic matter [42]. 

Turbidity: Maximum value of turbidity was found at Raipura site (210 mg/l) in the month of September. 

Suspended and colloidal matter such as clay, silt, finely divided organic and inorganic matter; plankton and 

other microscopic organisms cause turbidity in water. Turbidity affects light scattering, absorption properties 

and aesthetic appearance in a water body. 

Soil Parameters: As metal availability also depends on the soil parameter like soil pH, organic carbon and 

electron conductivity. The soil parameters at contaminated sites are given in the table 2. 

pH: pH of soil ranges from 7.42-8.24 and pH of control site (Akelgarh) was 7.8-8.4. pH of soil was towards 

alkaline. 

http://www.jetir.org/
https://www.degreesymbol.net/
https://www.degreesymbol.net/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                              www.jetir.org (ISSN-2349-5162) 

JETIR1907637 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 262 
 

Electron conductivity: Level of EC of control site was 0.29-0.43 dS/m. Maximum value of EC was found at 

Raipura site (0.74 dS/m) in the month of March. EC is a basic index to select the suitability of water for 

agricultural purposes [27]. EC in water is due to ionization of dissolved inorganic solids and is a measure of 

total dissolved solids [6] and salinity. Salts that dissolve in water break in to positive charge and negative 

charge ions. Dissolved solids affect the quality of water used for irrigation or drinking. They also have a 

critical influence on aquatic biota, and every kind of organism has a typical salinity range that it can tolerate. 

Moreover, the ionic composition of the water can be critical.  

Organic Carbon: Maximum value of OC was found at Sazidehra site (0.99 %) in the month of March. 

Phytochemical Screening: Certain biochemical parameters were studied to relate them with the plants metal 

detoxification capacity. Finally, estimation of biochemical parameters in samples isolated from various sites 

of Kota was evaluated (Table 3). Maximum amount of protein (274mg/gdw), chlorophyll (1.23mg/gdw), 

proline (0.67mg/gdw) were found in Sazidhera while carotenoids were observed in Raipura (0.31mg/gdw) 

(Table 6). Plant synthesizes primary metabolites (lipid, protein, starch, sugars, phenol etc.) for the normal 

growth, survival and development of itself. Preliminary phytochemical screening of plant is very useful for 

determination of the active constituents [37]; [39]. Contents of free proline increases with increasing 

concentration of the metals whereas contents  of chlorophyll and carotenoids decreases. 

Heavy Metal Analysis: Finally, presence of heavy metals (Pb, Cd, Zn and Cr) were screened in various water 

and soil samples using AAS at various time intervals and field study revealed that Alternanthera philoxeroides 

grew well at all the sites. 

Table 4 represents the content of heavy metals in the waste water sites. The amount of Pb and Cd were 

found to be maximum at Raipura site (September : 4.321ppm; September :0.778ppm respectively) then at 

Sazidhera site (September :3.227 ppm; September: 0.194 ppm respectively).  Cd and Pb which are known as 

toxins and carcinogens [35] ranged from 0.516 – 1.58 mg/kg and 5.5 – 9.67 mg/kg respectively. The contents 

of Cr and Zn were found to be highest at Raipura site (September  : 6.484 ppm; December :244ppm 

respectively) then at Sazidhera site (September :1.631 ppm; December: 225 ppm respectively). The Cr and Zn 

which are required for plants for metabolic activities [40];[23] ranged from 8.86 –35.58 mg/kg and 1.03-4.65 

mg/kg respectively. Maximum concentration of heavy metals was present in Raipura site.  Although extensive  

use of chemicals is prevalent in Raipura site posing severe risk of heavy metal contamination of water. 

  All living beings having habitat in the intertidal zone are prone to chronic, hard changes in the 

environment related to life in the boundary of terrestrial and marine habitats. These variations include, biotic 

attacks, pollution, temperature, mechanical strain, desiccation, light (UV), variations in salinity, and regulates 

the allocation of organisms in the intertidal zone [13]. Stress, mainly heavy metal is known to have many 

effects on plant cells that cause activation of stress signaling pathways, which contain differences in cell 

turgor, cell volume [49]. Membrane proteins including receptor-like kinases, stretch-dependent ion (calcium) 

channels and redox-mediated systems [44], [25] have been recognized as osmosensors which activate 

downstream signaling cascades.  

 

Table 5 and 6 represents the content of heavy metals in soil of the waste water site. The amount of Pb 

and Cd were found to be maximum at Raipura site (September : 4.001ppm; September :0.654ppm 

respectively) then at Sazidehra site (September :2.977 ppm; September: 0.181ppm respectively). The contents 

of Cr and Zn were found to be highest at Raipura site (September : 5878 ppm; December:244ppm respectively) 

then at Sazidhera site (September :1.504 ppm; December: 225 ppm respectively). Maximum concentration of 

heavy metals in soil was present in Raipura site. This might be due to leaching of metals to lower soil layers. 

In plant samples overall Pb accumulation was higher in the root of the plants at Sazidehra site (3.48 

ppm), while Cd was found to be maximum in the root of the plants at Sazidehra site (0.700ppm). Zn 

accumulation was found to be maximum in the shoot of the plants at Sazidehra site (277.850ppm) while Cr 
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accumulation was maximum in the root of the plants at Sazidehra site (2.435ppm) (Table 5 and 6). The 

accumulation of heavy metals was greater in roots than in shoots. Even though few heavy metals when in 

minute quantity are vital for various metabolic mechanism in organisms, as they cause physiological stress 

resulting to synthesis of free radicals generally at large amount. Unlike complex organic pollutants, metal 

compounds are non-degradable by microorganisms or and they can be allocated by organisms and also plays 

role in bioaccumulation throughout the food chain, thus causing damage to human health.   

 

CONCLUSION 

It can be thus concluded from the present study that the studied soil samples were slightly alkaline. The 

contents of heavy metal in the soil and water were higher than the maximum permissible limits. This study 

concluded that Alternanthera philoxeroides has potential to accumulate heavy metals and root were the 

preferential site of metal accumulation and thus it is recommended to be employed in the phytoremediation of 

these metals and may be useful for monitoring these polluting metals from the soil and wastewater. 

Phytoremediation using Alternanthera philoxeroides for soil and water environmentally sound and will 

continue to decrease contamination having a positive outcome for all environment and its habitants. 
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Table 1(a) Periodic physiochemical parameters of water estimated at Akelgarh site. 

 

 

 

 

 

 

Akelgarh 

S.No. Water 

Parameters 

Std(IS-

10500) 

Sept Dec March 

   A1 A2 A3 A1 A2 A3 A1 A2 A3 

1. pH 6.5-8.5 7.9 7.8 7.8 8.1 8.2 8.4 7.9 8.0 8.1 

2. Color  Colorless Colorless Colorless Colorless Colorless Colorless Colorless Colorless Colorless 

3. Temperature (oC) 34± 32±2.32 33±2.19 32±2.25 29±2.08 30±2.11 27±1.96 33±2.18 34±2.96 32±2.17 

4. BOD(mg/l) 1.5±0.05 2.1±0.11 2.5±0.15 2.6±0.17 2.2±0.14 2.4±0.18 2.2±0.14 2.0±0.10 2.1±0.11 2.2±0.14 

5. COD(mg/l) 4.0-6.0 27±0.89 29±0.92 31±1.09 32±1.11 40±1.32 35±1.15 19.5±0.86 22±0.94 24±1.00 

6. DO(mg/l) 6.0-4.0 5.9±0.08 6.0±0.09 5.7±0.06 5.8±0.08 6.5±0.09 6.2±0.2 6.9±0.1 7.0±0.11 6.8±0.08 

7. TDS(mg/l) 500-

2000 

87.5±1.23 90±1.56 87.6±1.23 120±2.25 117±2.14 119±2.25 84±1.08 86±1.11 88±1.15 

8. Turbidity(NTU) 5-10 2 ±1.23 1±1.34 1±1.01 2±0.98 1±0.81 1±1.45 2±1.97 2±0.87 1±1.21 
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Table 1(b) Periodic physiochemical parameters of water estimated at Sazidehra site. 

Sazidehra 

S.No. Water 

Parameters 

Std. 

(IS-

10500) 

Sept Dec March 

   S1 S2 S3 S1 S2 S3 S1 S2 S3 

1. pH 6.5-8.5 7.7 7.8 7.7 8.1 8.2 8.2 8.0 7.9 7.8 

2. Color  Colorless Colorless Colorless Colorless Colorless Colorless Colorless Colorless Colorless 

3. Temperature(oC) 34± 34±1.36 33±1.28 34±1.35 23±0.88 24±0.92 26±0.98 33±1.29 31±1.21 31±1.00 

4. BOD(mg/l) 1.5 1.8 ±0.008 1.7±0.006 1.8±0.007 1.9±0.009 1.7±0.005 2.0±0.008 2.3±0.01 2.0±0.009 2.5±0.04 

5. COD(mg/l) 4.0-6.0 50±2.27 47±2.19 48±2.22 35±1.17 38±1.23 38±1.22 55±2.36 53±2.31 55±2.35 

6. DO(mg/l) 6.0-4.0 5.2±0.08 5.4±0.06 5.5±0.07 5.0±0.06 5.6±0.07 5.2±0.08 5.1±0.05 5.3±0.09 5.4±0.1 

7. TDS(mg/l) 500-

2000 

390±4.23 383±3.87 373±3.82 360±3.75 355±3.46 359±3.49 387±3.91 380±3.81 390±4.23 

8. Turbidity(NTU) 5-10 21±1.51 25±1.89 23±0.89 15±1.43 18±1.17 20±1.76 21±0.95 23±0.86 22±0.81 
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Table 1(c) Periodic physiochemical parameters of water estimated at Raipura site. 

 

 

 

 

Raipura 

S.No. Water 

Parameters 

Std.. 

(IS-

10500) 

Sept Dec March 

   R1 R2 R3 R1 R2 R3 R1 R2 R3 

1. pH 6.5-8.5 8.4 8.0 8.1 7.9 7.7 7.9 7.8 8.0 7.9 

2. Color  Light 

white/ 

Milky 

Milky Milky 

 

Light 

white/ 

Milky 

Milky Light 

white/ 

Milky 

Milky Light 

white/ 

Milky 

Light 

white/ 

Milky 

3. Temperature(oC) 34± 32±1.88 33±1.91 32±1.90 30±1.78 29±1.75 29±1.74 33±1.95 31±1.82 31±1.83 

4. BOD(mg/l) 1.5 2.3±0.08 2.0±0.05 2.1±0.06 1.7±0.008 2.3±0.07 1.9±0.009 1.9±0.009 2.4±0.07 2.3±0.06 

5. COD(mg/l) 4.0-6.0 88 ±1.56 90±1.61 86±1.48 87±1.52 91.50±1.55 85±1.43 77±1.35 79±1.44 81±1.46 

6. DO(mg/l) 6.0-4.0 7.5±0.05 7.0±0.06 7.2±0.04 6.0±0.03 6.5±0.05 5.9±0.03 7.2±0.04 6.8±0.05 6.5±0.05 

7. TDS(mg/l) 500-

2000 

1613 ±4.26 1551±4.08 1440±3.89 1289±3.31 1345±3.56 1401±3.79 980±2.25 954±2.14 1104±2.42 

8. Turbidity(NTU) 5-10 194 ±1.23 210±1.32 189±0.97 192±1.14 195±1.25 196±1.26 205±1.31 190±0.97 198±0.98 
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Table 2 Periodic physiochemical parameters of soil estimated at Akelgarh, Sazidhera and Raipura sites. 

 Akelgarh Sazidehra Raipura 

S.No. Soil 

Parameters 

Sept Dec March Sept Dec March Sept Dec March 

1. pH 8.09 8.01 8.24 7.93 7.84 7.80 7.42 7.56 7.91 

2. Electron 

conductivity 

(dS/m) 

0.43±0.004 0.29±0.002 0.32±0.003 0.68±0.006 0.72±0.007 0.74±0.007 0.52±0.004 0.58±0.005 0.49±0.004 

3. Organic carbon 

(%) 

0.68±0.006 0.76±0.007 0.73±0.006 0.93±0.009 0.97±0.009 0.99±0.009 0.57±0.005 0.60±0.006 0.49±0.004 

 

Table 3. Estimation of biochemical parameters in Alternanthera philoxeroides (Alligator weed) 

Sample 
Protein content 

(in mg/gdw) 

Chlorophyll content 

 (in mg/gdw) 

Proline content 

(in mg/gdw) 

Carotenoids 

(in mg/gdw) 

Akelgarh 65±2.29 0.87±0.08 0.37±0.04 0.19±0.009 

Raipura 136±4.58 0.97±0.09 0.54±0.05 0.31±0.03 

Sazidhera 274±5.33 1.23±.0.10 0.67±0.055 0.28±0.02 
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Table -4 Mean concentration of heavy metals in different water samples collected from three selected sites (all data in ppm) 

Water sample Pb Cd Zn Cr 

Standard 0.05 0.005 5.0 0.05 

Akelgarh-1(Sep) 0.511±0.06 0.688±0.08 200.211±2.26 1.118±0.12 

Akelgarh-1I(Dec.) 0.297±0.04 0.039±0.007 208.347±2.24 0.334±0.05 

Akelgarh-1II(March) 0.548±0.08 0.299±0.04 198.577±1.89 1.256±0.2 

Raipura I(Sep) 4.321±0.25 0.778±0.09 197.023±1.78 6.484±0.88 

Raipura II(Dec.) 2.128±0.119 0.036±0.007 267.976±2.58 1.814±0.34 

Raipura III(March) 3.825±0.23 0.468±0.06 207.088±2.22 4.358±0.42 

Sazidhera I(Sep) 3.227±0.21 0.194±0.02 202.113±1.91 1.631±0.31 

Sazidhera II(Dec.) 0.278±0.02 0.027±0.004 225.512±2.45 0.338±0.05 

Sazidhera III(March) 1.528±0.112 0.089±0.01 212.405±2.31 0.798±0.09 

WHO maximum permissible (mg/L) limit 2008. 

 

Table 5 and 6: Mean concentration of heavy metals in different soil and plant samples collected from three selected sites (al l 

data in ppm) 

Table 5: 

Heavy Metal Pb Cd 

Soil Plant TF BCF Soil Plant TF BCF 

Root Shoot Root Shoot 

Standard 10-70b 2mg/kg 0.07-1.1d 0.02mg/kg 

Akelgarh Sep. 0.332±0.03 0.502±0.05 0..250±0.01 0.498 1.512 0.646±0.06 0.088±0.002 0.032±0.001 0.363 0,136 

Dec. 4.001±2.17 3.007±0.75 0.197±0.009 0.065 0.751 0.503±0.05 0.099±0.008 0.041±0.004 0.414 0.196 

March 1.405±0.14 0.224±0.02 0.171±0.007 0.763 0.159 0.203±0.02 0.039±0.003 0.044±0.002 1.128 0.192 

Raipura Sep. 0.196±0.01 0..234±0.01 0.686±0.05 2.931 1.193 0.654±0.06 0.179±0.008 0.020±0.002 0.111 0.273 

Dec. 2.045±1.74 0.228±0.02 1.119±0.10 4.907 0.111 0.024±0.002 0.254±0.005 0.331±0.03 1.303 10.583 

March 3.051±1.98 0.838±0.09 0.909±0.10 1.084 0.274 0.024±0.002 0.078±0.006 0.114±0.006 1.461 3.250 

Sazidhera Sep. 2.977±2.02 3.447±0.88 0.889±0.09 0.257 1.157 0.181±0.01 0.700±0.07 0.045±0.002 0.064 3.867 

Dec. 0.250±0.02 3.48±0.89 0.200±0.01 0.057 13.924 0.025±0.002 0.644±0.05 0.057±0.004 0.088 25.761 

March 0.657±0.06 0.559±0.05 0.774±0.06 1.384 0.850 0.159±0.01 0.141±0.009 0.059±0.005 0.418 0.886 
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Table 6: 

 

a Indian standard Awasthi and European Union, 2002; b FAO/WHO, codex general standard for contaminants and toxins in foods, 

1996; c World Health Organization, 2000; d World Health organization, 2004; e WHO and encyclopedia environmental science.

Heavy Metal 

Zn Cr 

Soil 
Plant 

TF BCF 
Soil 

Plant 

TF BCF Root Shoot Root Shoot 

Standard 50-100e 50mg/kg 65e 1.30mg/kg 

Akelgarh 

Sep. 199.313±1.71 197.023±1.95 187.976±1.78 0.954 0.988 5.878±2.36 1.631±0.15 0.338±0.03 0.207 0.277 

Dec. 225.512±2.22 218.511±2.32 277.850±2.69 1.271 0.968 1.504±0.22 1.118±0.12 0.334±0.01 0.298 0.743 

March 216.058±2.16 208.778±2.00 188.589±1.81 0.903 0.966 0.579±0.57 0.736±0.07 0.654±0.08 0.888 1.271 

Raipura 

Sep. 184.256±0.88 202.113±2.14 225.512±2.36 1.115 1.096 0.979±0.08 0.484±0.04 1.814±0.18 3.747 0.494 

Dec. 244.331±2.48 229.214±2.41 225.313±2.32 0.982 0.938 1.632±0.12 0.259±0.01 2.324±0.26 8.972 0.158 

March 218.261±2.18 207.113±2.24 174.39±1.72 0.842 0.948 3.645±1.88 1.289±0.15 1.838±0.25 1.425 0.352 

Sazidhera 

Sep. 202.003±2.00 210.211±2.28 208.347±2.31 0.991 1.040 0.313±0.03 0.886±0.08 1.110±0.10 1.252 2.830 

Dec. 197.116±1.68 197.154±1.96 196.658±1.91 0.997 1.000 0.227±0.02 2.435±0.25 0.597±0.05 0.245 10.726 

March 201.206±2.01 202.313±1.92 197.254±1.97 0.975 1.005 1.256± 0.19 1.145±0.14 0.455±0.03 0.397 0.911 
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