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I. Introduction

Nowadays industrial solid waste management is an important part of industry. The number of contaminated sites, 

which are polluted by industrial and hazardous waste, are increasing in developing countries (Freeman., 1989; 

Woodard., 2001; Lagrega et. al., 2001). Heavy metals can accumulate in living organisms in living organisms and 

cause various diseases (Massodalam., 2001). Heavy metal toxicity is potentially dangerous because of 

bioaccumulation though the food chain and this can cause hazards effects on livestock and human health 

(Aycicek., 2008; Aschner., 2002). 

The contamination of Industrial solid wastes including mine wastes has become a worldwide concern. Several 

authors have shown a relationship between atmospheric elemental deposition and elevated elemental 

concentrations in plants and top soils, especially in cities and in the vicinity of emitting factories (Andersen et al., 

1978; Pilegaard., 1978; Harrison & Chirgawi., 1989; Larsen et al., 1992; Sanchez-Camazano et al., 1994).

Over the last 15 years there has been an increasing interest in developing a plant based technology (phyto-

remediation) to remediate heavy metal contaminated soils (Cunningham and Berti., 1993; Raskin et al., 1994).  

Plants growing on polluted soils, may accumulate trace elements at concentrations higher than the normal, may 

pose serious health risks to humans and livestock when these are consumed (Hoymand et al., 1983; Huchabee et 

al., 1983; Kabata-Pendias and Pendias., 1984; Alloway., 1990). 

 A significant buildup of the toxic metals in different organs or tissues of the organisms result through biological 

magnification (Sahu., 1987 and Choudhury., 1992). 

Heavy metals such as manganese (Mn), copper (Cu), iron (Fe), zinc (Zn) and nickel (Ni) are essential mineral 

nutrients for higher plants. Cu also induces toxicity in tissue concentrations slightly above its optimal levels 

(Fernandes & Henriques., 1991). The exposure of plants to toxic levels of heavy metals triggers a wide range of 

physiological and metabolic alterations (Dubey., 2011; Villiers et al., 2011). The most widespread visual evidence 

of heavy metal toxicity is a reduction in plant growth (Sharma and Dubey., 2007) including leaf chlorosis, 

necrosis, turgor loss, a decrease in the rate of seed germination, and a crippled photosynthetic apparatus, often 

correlated with progressing senescence processes or with plant death (Dalcorso et al., 2010; Carrier et al., 2003).  

 

II. Study Area 

The Kakinada city is the capital of East Godavari District of Andhra Pradesh on the central east coast of India. 

The area under study Kakinada is located at 16°56′N 82°13′E. It has an average elevation of 2 metres (6 ft) and 

many areas of the city are below sea level. The present study deals with the Heavy Metal Contamination of 

Groundwater Due to Industrial Solid Waste Disposal in Kakinada, Andhra Pradesh, India. 

Abstract: The Industrial solid waste samples were collected at the outlet of release channel of the “Oil and 

Gas Industry” at Kakinada, air-dried and was brought to the laboratory. The soil amendments were prepared 

for as Control, Amendment 1,2,3 and 4. The NPP values for C plants increased from 21-51 day period to 51-

81 day period and thereafter declined. The same trend was evident in the plants from A1, A2, A3 and A4 soils, 

However, when compared with that of the C plants, the TNPP reduced significantly in A1, A2, A3 and A4 soils 

during 21-51 days and the decrease has ranged from 42% in A2 soil to 77% in A4 soils. The Copper, Zinc, 

Iron and Manganese heavy metals were accumulated in the industrial solid waste. The results of this study 

stress the need for environmental awareness, adequate regulations and proper management of waste sites by 

the local municipal authorities and Pollution control board take the necessary actions to control Industrial 

solid waste disposal site on the Kakinada, Andhra Pradesh and India. 

Key words: Disposal, Harvesting Days, Industrial solid waste, Solanum melongena L., Total net primary 

productivity. 
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Figure 1: Location Map of Kakinada 

 

III. Material and Methods 

 

LABORATORY EXPERIMENTS 

A. Industrial Sludge Waste Collection 

The Industrial solid waste samples were collected at the outlet of release channel of the “Oil and Gas Industry” at 

Kakinada; air-dried and was brought to the laboratory. Site longitude, latitude and altitude values are 

82°16'24.42"E; 17° 1'24.60"N and 5 m. The dried material was powdered in a mortar. ISW Disposal area 

longitude and latitude values are 17°01’27.52”N and 82°16’28.48’’E. 

 

B.   SEED MATERIAL COLLECTION 

The seeds of (Brinjal) Solanum melongena L. variety: were procured from an Agricultural Cooperative Centre at 

Kakinada, East Godavari district, Andhra Pradesh.  

 

C. COLLECTION OF THE SOIL SAMPLING 

Soil from the conventional crop fields near the (ISW) Oil and Gas factory (East Godavari District, Andhra Pradesh, 

Kakinada) was selected and used in the experimental studies on Solanum melongena L.. Soil samples were 

collected randomly from the field in five replicates and air dried for 72 hours, powdered, sieved through 2 mm 

sieve and subjected to physico- chemical analysis. The Soil from the Conventional Crop Field longitude and 

latitude values are 17°01’24.55”N and 82°16’29.05’’E. 

 

Table 1: PREPARATION OF THE SOIL AMENDMENTS 

                            

Sl. No Amendements Composition Amendements Code) 

1 100% Control Soil Control (C) 

2 95 % Control Soil +  5 % ISW Amendment 1 (A1 soil) 

3 90 % Control Soil + 10 % ISW Amendment 2 (A2 soil) 

4 70 % Control Soil + 30 % ISW Amendment 3 (A3 soil) 

5 50 % Control Soil + 50 % ISW Amendment 4 (A4 soil) 

 

D. POT EXPERIMENTS  
The POT Experiment was conducted with the Amendments like Control, A1, A2, A3 and A4 Soils. Although pot 

experiments on the growth and yield of Brinjal (Solanum melongena L.) were conducted with the amended soils, 

the germination performance of the seeds of Solanum melongena L. was tested following the method described 

by Carley and Watson (1968) [20] with the water extract of the Solid waste. This is mainly because of the fact 

that the germination process is relatively rapid process in petridishes culture when compared to soil. The water 

extract of the solid waste extract was thoroughly hand shaken before experimental use. Graded concentrations of 

the water extract of the solid waste were prepared using the distilled water as diluent. For each experiment, 25 

seeds of Solanum were taken in sterilized petridishes (1520 cms) at equal distance. These were treated with equal 

doses of different concentrations (V/V) of water extract of the solid waste (5%, 10%, 30%, 50%) as and when 

necessary. Seeds treated with distilled water were maintained as control. Four replicates were maintained for each 

treatment including the control. The petridishes were kept under diffused light at room temperature (28  1C). 

Emergence of radical having atleast 5mm length was taken as indicative of germination. Percentage germination 
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was recorded as per the method specified by Carley and Watson (1968) [20]. One-week-old seedlings in 

experimental pots were used for measurement of seedling growth (root and shoot). The dry mass of shoot and root 

was recorded from 7 day-old seedlings after keeping them in an oven at 80C for 72 hr. Each Experiment was 

repeated thrice with six replicates per treatment of 20 seeds on each Occasion. The data were statistically analysed 

for LSD at 95% confidence limits (Pause and Sukhatma, 1967) [21]. 

 

E. Total Net Primary Productivity (TNPP): 

“Difference Method” of Ovington et al., (1963), [17] was employed for calculating TNPP where the positive 

difference in total plant biomass at subsequent sampling dates or harvest days were summed up. NPP was 

calculated for total plant biomass. 

 

IV. Results And Discussion 

 

Total Net primary productivity (TNPP): The Net Primary Productivity (NPP) of C plants recorded at 21-51, 

51-81 and 81-95 day growth period was 3.476, 11.055 and 2.121 g/plant respectively.  

 

 
 

Figure 2: Net Primary Productivity during different Harvest periods  

in Soils Amended with ISW Weight (g/Plant) 

 
V. Conclusion 

The NPP values for C plants increased from 21-51 day period to 51-81 day period and thereafter declined. The 

same trend was evident in the plants from A1, A2, A3 and A4 soils, However, when compared with that of the C 

plants, the TNPP reduced significantly in A1, A2, A3 and A4 soils during 21-51 days and the decrease has ranged 

from 42% in A2 soil to 77% in A4 soils. The data relating to TNPP are presented graphically in Fig 2.                                                

Proper methods of Industrial solid waste disposal have to be undertaken to ensure that it does not affect the 

environment contamination around the area or cause health hazards to the people, Flora and Fauna living there. 

The results of the present study urge further research on all agricultural crops grown in the surroundings of the 

solid waste dumpsites of all industries in different regions and soils.  

The results indicate that abnormal levels of Cu, Zn, Fe and Mn, capable of causing health hazards to the 

consumers. The results of this study stress the need for environmental awareness, adequate regulations and proper 

management of waste sites by the local municipal authorities. There is a need to check industrial soild waste by 

implementing strictly the pollution control laws and strict control on the disposable of Industrial solid waste 

around the industries needs to be enforced. High concentration of heavy metals and other hazardous substances 

in the Kakinada city in particular need to be evaluated. 

 

VI. Recommendations 

1) Urban local bodies should identify the areas from where industrial solid waste is generated. 

2) Urban local bodies may undertake collection, transportation and disposal of solid waste on cost recovery 

basis as per existing rules and may identify suitable sites for final treatment and disposal of industrial solid 

waste as per existing rules and regulations. 

3) Screening of all agricultural crops to understand their response to the ISW contamination and also make 

necessary strategies to advise the farmers. 

4) Encourage research on remediation of ground water, Soil and Industrial solid waste contaminated sites in 

industrial area of Kakinada. 

5) Pollution control boards needs to take necessary to control the Industrial solid waste on the disposal areas. 

 

3.476

1.778 2.236
1.536

0.909

11.055
11.868

13.871
12.819

9.152

2.121
1.835 0.97

0.919
0.352

0

2

4

6

8

10

12

14

16

Control A1 A2 A3 A4

Harvesting Days 21-51 days Harvesting Days 51-81 days

Harvesting Days 81-95 days

D
ry

 W
ei

g
h

t
(g

/
P
la

n
t)



Srinivas et al.,  American International Journal of Research in Formal, Applied & Natural Sciences,  16(1), September-November, 2016, pp. 

28-31 

AIJRFANS 16-315; © 2016, AIJRFANS All Rights Reserved                                                                                                                Page 31 

 

VII. References 
[1]  H. M. Freeman, “Standard Handbook of Hazardous Waste Treatment and Disposal”. Mc-Graw Hill Publications, New York, USA. 

(1989). 

[2]    F. Woodard, “Industrial Waste Treatment Handbook”. Butterworth - Heinemann Publications, USA. 2001. 

[3]    M. D. LaGrega, P. L. Buckingham, & J. C. Evans, “Hazardous Waste Management”, 2nd edn. Mc-Graw Hill Publications, New 
York, USA. 2001. 

[4]  MassodAlam, SumbulRais, And Mohd Aslam, Hydrochemical survey of Groundwater of Delhi, India, E-Journal of Chemistry, 

6(2), pp. 429-436. 2009. 
[5]  M. Aycicek, O. Kaplan, and M. Yaman, “Effects of Cadium on germination, seeding growth and metal contents of sunflower”, 

Asian Journal of Chemistry, pp. 2663-2672. 2008. 

[6]  M. Aschner, “Neurotoxic mechanism of fish-bone methylmetry”, Environmental Toxicology and Pharmacology, 12, 101-102. 
2002. 

[7]  A. Andersen, M.F. Hovmand & I. Johnson, “Heavy metal deposition, in the copenhagen area”.  Environ. Pollut. 17: 133-151, 1978. 

[8]  K. Pilegaard, “Airborne metals and Sulphur dioxide monitored by epiphytic lichens in an industrial area”.  Environ. Pollut. 17: 81-
92, 1978. 

[9]  R.M, Harrison & M.B, Chirgawi, The assessment of air and Soil as contributors of some trace metals to vegetable plants. I.  Use 

of a filtered air growth cabinet. Sci. Total Environ. 83: 13-34, 1989. 
[10]  E.H. Larsen, L. Moseholm & M.M Nielsen, “Atmospheric deposition of trace elements around point sources and human health 

risk assessment. II: Uptake of arsenic and Chronium by Vegetables grown near a wood presentation factory”.  Sci. Total Environ. 

126: 263-275, 1992. 
[11]  M. Sanchez-Camazano, M.J. Sanchez-Martin & L.F. Lorenzo, “Lead and cadmium in soils and vegetables from urban gardens of 

Salamanca” (Spain). Sci. Total Environ. 146-147, 163-168, 1994. 

[12]  Cunningham, S.D., Berti, W.R., Remediation of contaminated soils with green plants: An overview. In Vitro Cellular 
Developmental Biology.29: (1993) 207–212. http://dx.doi.org/10.1007/BF02632036 

[13]  Raskin, I., Nanda, K.P.B.A., Dushenkov, S., Salt, D.E., Bio-concentration of heavy metals by plants. Current Opinion 
Biotechnology. 5: (1994) 285-290. 

[14]  Hovmand, M.F., Tjell, J.C. & Mosbaek, H., Plant uptake of Airborne cadmium, Environ. Pollut. 30: (1983) 27-38. 

[15]  Huchabee, J.W., Sanz Diaz, F., Janzen, S.A. & Solomon, J., Distribution of Mercury in vegetation at Almaden.  Spain, Environ. 
Pollut. 30: (1983) 211-224. 

[16]  Kabata-Pendias, A., & Pendias, H., Trace elements in Soils and Plants, CRC Press, Boca Raton. (1984) U. S. A. 

[17]  Alloway, B.J., Heavy Metals in Soils. (1990) Blackie, Glasgow, U.K. 
[18]  Sahu, A., Toxicological effects of a pesticide on a Blue-green   alga:  III. Effects of phenyl Mercuric Acetate on a Blue-green alga, 

Westiellopsis prolifica, Janmet and its ecological implications.  Ph.D. Thesis, Berhampur University, Orissa, India. (1987). 

[19]  Choudhury, N.B.K., Eco-physiological effects of mercury contained toxicant on a fresh water fish, Tilapimo sambica peters. Ph.D. 
Thesis, (1992) Berhampur University, Orissa, India. 

 [20]  H.F. Carley, & R.D., Watson, Effects of various aqueous plant extracts upon seed germination. Bot.Gaz., 129: (1968) 57-62. 

[21]  Pause., and Sukhatma., Statistical methods for agricultural works. Indian council of Agricultural Research, New Delhi. (1967)150. 
 [22]  APHA, “Standard methods for the examination of water and wastewater”, 22th ed., Am. Public Health Assoc., Washington, DC, 

USA 2012. 

[23]  WHO. Guidelines to drinking water quality. World Health Organisation, Geneva. Pp. 186. 1983. 
[24]  Drinking water standards for the Bureau of Indian standards. IS 10500: 2012. 

[25]  Ovington, J.D., Heitrano, D., and Lawrence, D.W., Plant biomass and productivity of prairie Savanna, oak wood and Maize field 

ecosystem in central Minnesota. Ecology.44: (1963) 52-63. 
[26]  Carrier, P., Baryla, A., and Havaux, M., Cadmium distribution and microlocalization in oilseed rape (Brassica napus) after long-

term growth on cadmium-contaminated soil. Planta. 216(6): (2003) 939–950. 

[27]  Dalcorso, G., Farinati, S., and Furini, A., Regulatory networks of cadmium stress in plants. Plant. Signaling. and Behavior. 5(6): 
(2010) 1–5. 

[28]  Dubey, R.S., Metal toxicity, oxidative stress and anti-oxidative defense system in plants. In Reactive Oxygen Species and 

Antioxidants in Higher Plants, S.D. Gupta, Ed., (2011) 177–203, CRC Press, Boca Raton, Fla, USA. 
[29]  Fernandes, J.C., & Henriques, F.S., Bio-chemical, physiological and structural effects of excess copper in plants. Bot Rev. 57: 

(1991) 246–273. 

[30]  Sharma, P. and Dubey, R.S., Involvement of oxidative stress and role of anti-oxidative defense system in growing rice seedlings 
exposed to toxic concentrations of aluminum. Plant. Cell. Reports. 26(11): (2007) 2027–2038. 

[31]  Villiers, F., Ducruix, C., and Hugouvieux, V., Investigating the plant response to cadmium exposure by proteomic and meta 

bolomic approaches. Proteomics. 11(9): (2011) 1650–1663. 

 

VII. Acknowledgements 
Authors are thankful to Dr. A.V. Purushotham, Principal, MSN Degree College, Kakinada and Professor. K.V.S.G. Murali Krishna, 

Department of Civil Engineering, JNTUK KAKINADA for encouragement of the research work. 

 

http://dx.doi.org/10.1007/BF02632036

