
 

RJCES Vol 5 [3] June 2017                     89 | P a g e      © 2017 AELS, INDIA 

 

 

 

  

OORRIIGGIINNAALL  AARRTTIICCLLEE  
 

Studies on The Impact of Seasonal Variation in The Heavy Metal 
Status of The Crops Irrigated With Sewage Effluent 

 
K.Suganya 

Department of Environmental Sciences, Tamil Nadu Agricultural University, 
Coimbatore,Tamil Nadu, India   

Corresponding author: suganya.k@tnau.ac.in  

 
ABSTRACT 

Wastewater management has become a big challenge in India. Use of sewage or wastewater in agriculture is becoming 
increasingly common as a result of a global water scarcity. However, assessments of site-specific pollution load due to 
this wastewater usage are needed to investigate the short- and long-term health impacts of wastewater, so that effective 
remedial measures could be adopted. With this in view, a study was undertaken to assess the heavy metal status in the 
sewage effluent irrigated plant samples collected from Avaniyapuram sewage farm of Madurai city. The wastewater 
entering into the farm is being utilized for the cultivation of Fodder grass (Panicum maximum) and greens leafy 
vegetable (Alternanthera sessilis). Fodder grass samples of Avaniyapuram Sewage farm has been collected periodically 
at 60 days interval for two years at five different sites, SI, SII, SIII, SIV, SV i.e., 10, 20, 30, 40, and 50 m away from the 
sewage entry point respectively. The samples were collected at all the three seasons’ viz., summer, rainy, and winter. The 
collected samples were analyzed as per the standard analytical methods. The collected greens leafy vegetable and fodder 
grass samples were analyzed for its heavy metal contents viz., chromium (Cr), cadmium (Cd), and nickel (Ni). The Cd, Cr, 
and Ni content of the collected greens leafy vegetable (Alternanthera sessilis) samples ranged from 3.21 to 4.51, 7.02 to 
8.55, and 9.1 to 10.5 µg g-1 respectively. The fodder grass (Panicum maximum) samples were found to have Cd (0.56 to 
1.12 µg g-1), Cr (3.98 to 5.25 µg g-1), and Ni (3.89 to 5.46 µg g-1). The heavy metal contents of the samples were found to 
be highest in the summer season compared to the rainy and winter seasons. 
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INTRODUCTION 
The sewage water and industrial waste are often drained to agricultural lands where they are used for 
growing crops, including vegetables. Increasing use of sewage containing domestic and industrial wastes 
on soils of sewage farms is a common practice in several places. Heavy metals are one of the important 
types of contaminants that can be found on the surface and in the tissues of fresh vegetables. The sewage 
effluents are considered a rich source of organic matter and other nutrients, but they elevate the levels of 
heavy metals, such as Fe, Mn, Cu, Zn, Pb, Cr, Ni, Cd and Co, in the receiving soils [1]. The prolonged human 
consumption of unsafe concentrations of heavy metals in foodstuffs may lead to the disruption of 
numerous biological and biochemical processes in the human body. Nevertheless higher concentrations 
of trace metals on land receiving the sewage are of public concern because of possible phytotoxicity or 
increased movement of metals into the food chain. To minimize the threat of land and ground water 
contamination, accurate estimation of heavy metals is important.  With this view, the present study was 
conducted to investigate the level of accumulation of heavy metals in the crops grown in the sewage farm 
at various seasons. 
 
MATERIALS AND METHODS1 
Experimental site 
The experimental site was Avaniyapuram sewage farm located at Madurai, a temple city of Tamil Nadu.  
Nearly 40-50 MLD of domestic and municipal waste water enters into the sewage farm with the area 
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coverage of 380 acres.  This domestic sewage water is used for irrigation for the plants grown in the 
sewage farm.  
Sample collection and analysis 
The sewage effluent sample was collected from the entry point and has been analyzed for its physico-
chemical characteristics as per the standard. The soil and plant samples were collected for three seasons 
viz., summer, rainy and winter at sixty days time interval for two years (2010- 2012) . Sewage water 
samples were collected in polyethylene bottles.  Samples were acidified with 10% HNO3 and brought to 
the laboratory.  The samples were filtered through Whatman filter paper No. 42 and kept in refrigeration 
for further analysis.  Soil and plant samples were collected at five different places SI, SII, SIII, SIV & SV i.e., 
10, 20, 30, 40 and 50m away from the sewage entry point.  Soil samples were collected in triplicate by 
digging out a monolith of 10 x 10 x 15cm size at all the five sampling places. Samples were air dried, 
crushed, passed through a 2mm sieve and stored at ambient temperature for analysis.  Plant samples 
were collected randomly at all the five places of the experimental site.  The plant samples were washed 
and cleaned thoroughly and then dried.  For heavy metal extraction, 1 gm dried sample of plant /soil was 
digested in 15 ml of Aqua-regia extract until a transparent solution was obtained.  This transparent 
solution was then filtered through Whatman No. 42 filter paper and concentration of heavy metals were 
determined using Varian spectra AAS. 
 
RESULT AND DISCUSSION 
The sewage effluent has pH (8.08), EC (1.51 dS m-1), the biological oxygen demand (BOD) of 135 ppm and 
Chemical oxygen demand (COD) (289 ppm). The BOD and COD of the effluent was very much high and it 
exceeds the permissible level of 100 and 250 ppm respectively. The total dissolved solids and total 
suspended salts were found to be 125 ppm and 825 ppm respectively. The heavy metal content of the 
effluent was also analyzed (Table 1). The chromium (Cr), cadmium (Cd), lead (Pb) and nickel (Ni) was 
found to be 0.075, 0.043, 0.051 and 0.213 ppm respectively. Anita et al. (2010) have also reported the 
higher concentration of heavy metals in sewage of effluents as compared to ground water and the 
concentration of Chromium (Cr), Cadmium (Cd), Lead (Pb) and Nickel (Ni) in the sewage effluent samples 
were above the maximum permissible limit prescribed by Indian standards. 
Among the heavy metals viz., Cr, Cd, and Ni analyzed in the fodder grass samples (Panicum maximum), the 
Pb and Ni contents was found to be higher (Table 2, 3, 4). The Cd concentration ranged between 0.56 to 
1.12 µg g-1 and the Cr concentration ranged from 3.98 µg g-1 (SV) to 5.25 µg g-1 (SI). Higher Ni content of 
5.46 µg g-1 was recorded at SI in summer season and lower Ni content of 3.89 µg g-1 (SV) was observed in 
rainy season.  In general, the heavy metal concentrations in the edible parts of green leafy vegetable and 
fodder grass samples was minimum in the rainy season compared to the summer and winter seasons 
which may be due to dilution effect of the soil in the experimental site.  Rozso et al. [2] reported that the 
fodder grass grown near the industrial cities and highway found to have higher concentration of Pb. 
Somasundaram et al. [3] reported that the heavy metal concentration of the fodder crops grown in 
sewage farm of Coimbatore found to have maximum range, but within the critical limit prescribed by 
Indian standards. 
 

Table 1. Characterization of sewage effluent of Avaniyapuram Sewage farm 
S.No Parameters Values 

1. pH 8.08 
2. EC  (dS/m) 1.51 
3. Biological oxygen demand (ppm) 135 
4. Chemical oxygen demand (ppm)   289 
5. Total Dissolved solids (ppm) 125 
6. Total Suspended solids (ppm) 825 
7. Total coliforms (x107 / 100 ml) 5.1 
8. Chromium (ppm) 0.075 
9. Cadmium (ppm) 0.043 
10. Lead (ppm) 0.051 
11. Nickel (ppm) 0.213 
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Table 2. Effect of sewage effluent on heavy metal content (Cadmium) of fodder grass  
Parameters Cadmium (µg g-1) 
Season Summer Rainy Winter 
Sampling  
period 

60th  120th  MeanSD 60th  120th  MeanSD 60th  120th  MeanSD 

SI 1.02 1.12 1.070.032 0.89 0.9 0.900.018 0.98 1.02 1.000.030 
SII 0.92 1.02 0.970.029 0.82 0.83 0.830.017 0.95 0.99 0.970.029 
S III 0.88 0.89 0.890.027 0.74 0.75 0.750.015 0.87 0.9 0.890.027 
SIV 0.75 0.79 0.770.023 0.68 0.71 0.700.014 0.81 0.88 0.850.025 
SV 0.71 0.70 0.710.021 0.56 0.61 0.590.012 0.72 0.75 0.740.022 

 
The Cr, Cd, and Ni contents of the green leafy vegetable samples (Alternanthera sessilis) collected from SI, 
SII, SIII, SIV and SV were analysed (Fig 1, 2 &3). The Cd concentration ranged from 3.21 to 4.51 µg g-1.  The 
Cr concentration varied between 7.01 µg g-1 and 8.56 µg g-1.  The heavy metal levels of the vegetables 
irrigated with sewage water were found to be very high because the sewage water was enriched with 
heavy metals, thus contaminating the soil and, therefore, the vegetables. Vegetables, especially leafy 
vegetables grown in heavy metal-contaminated soils, accumulate higher amounts of metals than do those 
grown in uncontaminated soils because they absorb these metals through their leaves. [4]. Arora et al. [5] 
have also reported higher concentrations of heavy metals in vegetables like radish, spinach, brinjal and 
carrot. Among the heavy metals contents, the Cd, and Ni contents in the green leafy vegetable samples 
was very high and Cr is least accumulated in the vegetable samples, because it is an element which hardly 
dissolves in the soil solution. Sridhara Chary et al. [6] observed that the concentration of Ni was higher in 
palak leaves grown in wastewater irrigated areas of Hyderabad.  Due to variations in absorption of metals 
in plants through roots and their further translocation within plant parts, edible parts of vegetables 
showed variations in heavy metal concentration [7]. Leafy vegetables (Spinacea oleracea, Mentha spicata, 
Coriandrum sativum) had maximum metal concentrations (except for Ni and Pb) among the food crops 
studied because of the large surface area of their leaves, their higher transpiration and faster growth rate, 
which enhances the metal translocation in leafy vegetables [8]. The expanded leaf of leafy vegetables 
sensitizes them to be a recipient of dust and rainwater splashes [9]. 

 
Table 3. Effect of sewage effluent on heavy metal content (Chromium) of fodder grass  

Parameters Chromium (µg g-1) 
Season Summer Rainy Winter 
Sampling  
period 

60th  120th  MeanSD 60th  120th  MeanSD 60th  120th  MeanSD 

SI 5.21 5.25 5.230.209 4.52 4.58 4.550.137 4.59 4.62 4.610.092 
SII 5.01 5.11 5.060.202 4.15 4.25 4.200.126 4.52 4.59 4.560.091 
S III 4.99 4.97 4.980.199 4.12 4.16 4.140.124 4.34 4.40 4.370.087 
SIV 4.64 4.69 4.670.187 4.03 4.09 4.060.122 4.12 4.23 4.180.084 
SV 4.52 4.60 4.560.182 3.98 4.06 4.020.121 4.01 4.11 4.060.081 

 
Table 4. Effect of sewage effluent on heavy metal content (Nickel) of fodder grass  

Parameters Nickel (µg g-1) 

Season Summer Rainy Winter 
Sampling  
period 

60th  120th  MeanSD 60th  120th  MeanSD 60th  120th  MeanSD 

SI 5.42 5.46 5.440.218 4.56 4.65 4.610.138 4.68 4.71 4.700.094 
SII 5.21 5.32 5.270.211 4.49 4.55 4.520.136 4.53 4.65 4.590.092 
S III 5.06 5.15 5.110.204 4.23 4.35 4.290.129 4.48 4.59 4.540.091 
SIV 4.98 5.03 5.010.200 4.03 4.19 4.110.123 4.32 4.42 4.370.087 
SV 4.90 5.01 4.960.200 3.89 4.09 3.990.120 4.22 4.34 4.280.086 
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Fig 1.  Effect of sewage effluent on heavy metal (Chromium) of green leafy vegetable 

 
 

Fig 2.  Effect of sewage effluent on heavy metal (Cadmium) of green leafy vegetable 

 
 

Fig 3.  Effect of sewage effluent on heavy metal (Nickel) of green leafy vegetable 
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CONCLUSIONS 
Based on the study, it has been concluded that the heavy metal accumulation (Cr, Cd and Ni) in the fodder 
grass (Panicum maximum) and green leafy vegetable samples (Alternanthera sessilis) collected from the 
sewage farm, was found to be higher in the summer season compare to the winter and rainy seasons. This 
may be due to the release of heavy metals in soil as a result of high organic matter decomposition and, 
high transpiration rates during the summer season. Heavy metal concentrations varied among the plant 
species, depending upon their uptake capabilities and their further translocation to edible portion of the 
plants. Thus regular monitoring of heavy metal contamination in the crops grown at waste water 
irrigated area is necessary to reduce the health risk caused by consumption of those contaminated crops.  
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