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ABSTRACT 

Heavy metals determination in Cereals and vegetables is of vital interest because of their essential or toxic nature. In 

order to assess the levels and impact of different trace metals on human health, a study was carried out to determine 

the levels of different trace heavy metals present in commonly edible cereals and vegetables which are available in 

the local market of Jamkhandi City. Industrial effluents, domestic waste, municipal sewage water, agricultural 

runoff -significantly affected the water quality on short- and long –term basis.  The present investigation reveals 

with the assessment of heavy metals in soils,  selected cereals and green vegetables available in the region irrigated 

with contaminated water. All the samples were analyzed using Flame photometer (Elico), Atomic Absorption 

Spectrophotometer (Elico). The concentrations of most of the heavy metals were found in the normal legal limit in 

irrigation water, soil samples and food set as compared with international regulations. The obtained results declared 

that concentrations of metals were exceeding than the recommended maximum acceptable levels.  The concentration 

of heavy metals in wheat gains of lands was found to be in the order of   Cu>Zn<Ni<Cd. Other grains and green 

vegetables were analyzed for heavy metals such as Mn, Pb, and Fe, all were beyond recommended dietary limits. It 

is recommended that treatment facility must be installed to reduce heavy metals concentrations of waste water being 

used for downstream irrigation. The study suggests that contaminated water irrigation led to the accumulation of 

heavy metals in foodstuff causing potential health problems for consumers.  

Keywords: Heavy metals, Cereals, Green vegetables, Municipal wastewater and industrial effluents. 
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INTRODUCTION 
Heavy metal contamination in cereals and vegetables cannot be underestimated as these foodstuffs are 

important components of the human diet. The cereals most commonly cultivated in this region are wheat, 

Jawar, Barley, Sorghum, Rice, Sajji etc. These cereals are the important as well as very nutrient grains. 

Also is more stable food for most people of the area. Cereals are needed for a healthy diet because cereals 

derived products are recommended due to their contents such as fiber, trace minerals, and vitamins, which 

support to prevent various diseases. But, Heavy metals contamination in food products more than 

tolerance limit leads adverse effect on health. The cereals are rich in carbohydrates, protein etc., and act 

as sources of energy. Therefore, they are essential and useful for a well-balanced healthy diet. Vegetables 

are rich sources of vitamins, minerals, and fibers, and also have beneficial antioxidative effects. However, 

intake of heavy metal-contaminated vegetables may pose a risk and pose a direct threat to the human 

health. Heavy metal contamination of the food items is one of the most important aspects of food quality 

assurance1,2.  

 

Food safety and potential health risks 
Rapid and unorganized urban and industrial developments have contributed to the elevated levels of 

heavy metals in the urban environment of developing countries such as Egypt3, Iran4, China5and India6. In 

urban and peri-urban areas, land contamination with toxic metals is common as a result of the industrial 

and municipal activity. Wastewater irrigation to increase the yield of food crops (vegetables) is the 
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principal source of contamination in urban agricultural lands7. These effluents are rich in toxic metals and 

are a chief contributor to metals loading in waste irrigated and amended soils8,9. Emissions of heavy 

metals from the industries and vehicles may be deposited on the vegetable surfaces during their 

production, transport and marketing. Recently, have reported that atmospheric deposition can 

significantly elevate the levels of heavy metals contamination in vegetables commonly sold in the markets 

of Varanasi6, India. 

Heavy metals are among the major contaminants of food and may be a major problem to environment3,10. 

The heavy metals may enter the human body through consumption of contaminated drinking water, 

consumption of food plants, cereals and green vegetables grown in the metal contaminated soil and 

sediments10. Heavy metals are potential environmental contaminants of causing human health problems if 

present in a higher percentage of the food grains. The heavy metals showed toxic effects even at very low 

concentration11. Heavy metals are non-biodegradable and persistent, have long biological half-lives and 

they can be bioaccumulated through the biological chains. Soil – plants, green vegetables and food 

leading to unwanted side effects. The high amount of heavy metals in environment represents a potential 

danger to human health due to their extreme toxicity. Heavy metal contamination may be occurred due to 

the irrigation with contaminated water from municipal wastes, industrial effluents, the addition of 

inorganic fertilizers, metal based pesticides and agricultural practices. Crops and green vegetables grown 

in soils contaminated with heavy metals have a greater accumulation of heavy metals than those grown in 

uncontaminated soil12.Many researchers emphasized the toxic effects of heavy metals to the human body. 

The elements such as Cd, Cr and Arsenic are considered as carcinogenic (cancer producing elements), 

while Fe, Cu, Zn, Ni and Mn are considered as essential elements. But, these elements are found in higher 

than their permissible limits may create a toxic effect in human13,14. 

 

Metal Toxicity and Health Risk 

Lead toxicity in the body can cause – musculoskeletal, renal, ocular, immunological, neurological, 

reproductive and developmental effects. Cadmium intake is known to result in bone fracture, cancer, 

diarrhea, stomach pains, severe vomiting, reproductive failure and damage to thecentral nervous system. 

In addition to this cardiovascular, kidney, nervous as well as bone disease15,16. Heavy metals have also 

been implicated in causing carcinogenesis, mutagenesis and tetra genesis17.  A complete profile of heavy 

metals in foodstuffswas not published so far. Thus, the aim of this study was therefore to evaluate and 

compare the concentrations of heavy metals in cereals available in the local markets for the consumers in 

Jamkhandi city and causing health hazardous with the consumption of these cereals.  

Vegetables are of great importance in the diet because of the presence of vitamins and mineral salts. In 

addition to this green vegetables contain water, calcium, iron, sulfur and potash18. Vegetables are very 

important protective food and useful for the maintenance of health and the prevention and treatment of 

various diseases19. The elements like Cd, Pb, and Hg will cause a major problem to our environment 

while the elements like Cu, Zn, Fe, Sulphur and Mn are essential for biochemical reactions in the body20. 

Generally, most of the heavy metals are not biodegradable, have long biological half-lives and have the 

potential for accumulation in the different body organs leading to unwanted side effects16. 

The toxicity of metal ions is correlated to one another; the Copper toxicity induces iron deficiency, lipid 

peroxidation and destruction of membranes20. High level of Nickel may result in Zinc or Iron deficiency 

as well as enzymic malfunctioning16.Based on persistent nature, accumulation behavior and the 

probability of potential toxicity effects of heavy metals as a result of consumption of green vegetables and 

food grains. Hence, there is need to assess trace elements present in food grains and green vegetables and 

some recommendations were made to human diet. 

 

Study Area 
The study was conducted on food grains, vegetables from the local market of Jamkhandi city (taluk place 

of Bagalkot district) river water quality, soil properties were investigated from the four villages of 

Jamkhandi taluk viz; Hipparagi, Surapali, Savalagi and Hire Padasalagi, all these villages are located on 

or along the Krishna river belt. The cereals and vegetables are exporting daily or seasonally to the 

Jamkhandi marketplaces. 
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EXPERIMENTAL 
Materials and Methods 
All the reagents used for analytical grade highly purified de-ionized double distilled water (DDW) was 

used for dilution and preparation of reagents and working standards. All glass wares, plastic wares used, 

were thoroughly washed with liquid soap, rinsed with distilled water, soaked in 10% nitric acid for 24 

hours, once again cleaned thoroughly with DDW and dried in such a manner to ensure that any 

contamination does not occur. All collected samples were stored in clean polyethylene bags, and used for 

analyses.  

 

Sampling and sample preparation 

For soil sampling, four random bowls of cereal fields were selected (Hipparagi- spot S1, Surapali-Spot 

S2,Savalagi-spot S3 and Hire Padasalagi-spot S4) at a mutual distance of about 20 feet were collected 

from the surface, at the same period water samples were collected to know their Physico-chemical 

parameters.  The soil samples were oven dried overnight at 80 – 90oC, gently ground and sieved to 2 mm 

mesh size, homogenized, and used for heavy metal and other parameters analysis. At harvest time, cereal 

samples were collected from each field and washed with DDW to remove the adhered soil, dust and other 

contaminants. The selected cereals were oven dried for 48 hours at 70oC and then ground to pass a 1 mm 

sieve for determination of heavy metal contents.  

A total of six samples of vegetable were purchased from the central place of Jamkhandi city during 

2016.The collected samples were washed with distilled water to remove the dust particles. Then samples 

were cut into small pieces using a clean knife. Edible portions of the samples were used for analysis; the 

leafy vegetables included Spinach (Palak), Fenugreek (Methi), Radish(Mulangi),Deccan hemp(Pundi), 

Coriander (Kotambari) and Dill(Sabasagi).All the samples were collected and stored in polyethene bags 

until analysis under refrigeration condition (<10oC). The samples for analysis were then dried using the 

oven dry method at 105oC for 24 hours (AOAC, 1990), and a mixture grinder was used to powder the 

samples while preventing oven heating. 

About 1 g of the samples were weighed and digested in a mixture of 5 ml of HCl, 2 ml of Conc H2SO4 

and 20 ml of Conc. HNO3 in a conical flask under a fume hood. The content was mixed and heated gently 

at 180oC – 220oC for about 30 min on a hot plate. The content was heated until dense white fumes appear. 

It was then heated strongly for about 30 min then allowed cooling before making up to the mark in 50 ml 

volumetric flask. This digested solution used to determine the micro-nutrients like Cadmium (Cd), 

Chromium (Cr), Cobalt (Co), Copper (Cu), Iron (Fe), Lead (Pb), Manganese (Mn), Nickel (Ni) and Zinc 

(Zn)by using Atomic Absorption Spectrophotometer (Elico). The instrument setting and operational 

conditions were done in accordance with the manufacturers’ specifications. 

 
Plant samples and food grains used for analyses 

Edible part of 

vegetable / cereal 

Common name Botanical name Family 

Leaf Spinach (Palak) Beta vulgaris L. Chenopodiaceae 

Leaf Fenugreek (Methi) Trigonella foenum-graecum Legumes 

Stem Radis (Mulangi) Raphanus sativus L. Brassicaceae 

Leaf Deccan hemp(Pundi) Hibiscus cannabinus Malvaceae 

Leaf Coriander (Kotambari) Coriandrum sativum Umbelifers 

Leaf and stem Dill (Sabasagi) Anethum graveolens Apiaceae 

Grain Wheat Triticum Poaceae 

Grain Jowar (Pure) Sorghum bicolor --- 

Grain Jowar (Medium) --- --- 

Grain Sajji --- --- 

 
Table-1: Water quality parameters of selected spots and comparison with standards WHO, ISI, BIS. [S1-Hipparagi, 

S2-Surapali, S3-Savalagi and S4-Hirepadasalagi, Villages] 

S. No. Parameters S1 S2 S3 S4 Average WHO ISI/BIS 

1 Temperature  22 21 20 18 20 --- --- 
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2 pH 7.5 7.6 7.8 7.2 7.5 6.5-7.8 6.5-8.5 

3 EC 3470 1913 1827 1648 1652 400 1400 

4 TA 42.2 46.1 48.9 50.2 46.9 120 200-600 

5 TH 48.5 52.6 49.2 40.5 47.7 300 300 

6 Na+ 32.5 31.2 38.5 40.2 35.6 200 200 

7 K+ 10.2 8.9 9.2 10.0 9.6 1.4 1.4 

8 DO 6.5 6.6 6.6 6.6 6.6 7 7 

9 NO3 45.3 41.2 40.5 38.5 52.7 40-100 40-100 

10 Cl- 48.6 42.5 40.4 39.5 42.8 250-1000 250 

11 SO4 42.5 39.2 49.2 36.9 41.95 150-250 150-200 

12 Cr 0.1 0.1 0.1 ND 0.1 0.05 0.05 

13 Cu 0.5 0.4 0.5 0.5 0.5 2.00 2.00 

14 Fe 1.16 1.14 1.12 1.10 1.13 <1 0.3 

15 Ni 0.05 0.06 0.06 0.05 0.06 0.02 0.02 

16 Cd 0.03 0.02 0.02 0.03 0.03 0.01 0.01 

17 Pb 0.25 0.22 0.23 0.19 0.22 0.05 0.05 

18 Zn 7.2 7.6 6.8 7.0 7.2 5 5 

19 Mn 0.5 0.5 0.6 ND 0.5 >0.5 0.3 

20 Ca 36.2 42.8 45.9 50.2 43.8 75-100 75-100 

21 TDS 1613 1012 931 856 1103 <500 500 

 
Table-2: Physico-chemical parameters and other nutrients in soil samples of selected four locations (mg/kg dried 

weight basis)[S1-Hipparagi and S2-Surapali, S3-Savalagi and S4-Hirepadasalagi, Villages] 

 

S.No

. 

Parameter UNIT Spot S1 Spot  S2 Spot S3 Spot S4 Legal 

limit 

I Physical-Parameters 

 Bulk Density g/cc 1.14 1.11 1.11 1.12  

 Water Holding 

Capacity 

% 56 57 57 57  

 Texture  Black Black Black Black  

II Chemical Parameters 

 pH  8.04 7.71 7.90 8.25 6.5-7.5 

 EC ds/m 1.16 1.05 1.01 4.56 <1 

 Sodium % 0.51 0.62 0.25 0.84 <0.1 

 Calcium Carbonate  Medium Medium Medium Medium  

III Major  Nutrients 

 Organic Carbon % 1.08 0.98 2.08 0.95 0.5-0.75 

 Available N Kg/h 310.2 269.3 278.6 259.3 250-280 

 Total N % 0.102 0.112 0.110 0.042 0.03-0.06 

 Available P Kg/h 43.6 76.2 28.9 66.8 20-60 

 Available K Kg/h 284 235 248 365.3 250-300 

IV Secondary Nutrients 

 Ca % 22.5 18.3 14.8 22.8 <1 

 Mg % 9.23 3.10 3.50 0.26 <0.5 

 SO4 ppm 18.6 5.12 12.3 17.3 10-20 

V Micro Nutrients 

 Iron (Fe) ppm 4.51 4.41 3.41 3.21 Min.4.50 

 Manganese ppm 2.94 3.12 1.91 1.3 Min.2.00 

 Zinc (Zn) ppm 0.95 0.87 0.72 0.68 Min.0.75 

 Copper (Cu) ppm 1.33 0.63 0.91 0.82 Min.0.60 

 Cadmium ppm 0.54 0.36 0.28 0.17 Min. 0.2 

 Chromium ppm 1.18 1.06 0.89 0.80 Min. 0.02 

 Lead ppm 0.10 0.09 0.08 0.10 0.05-0.2 
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 Nickel ppm 1.31 0.24 0.53 0.88 Min. 0.50 

 Boron ppm 0.95 0.68 0.78 0.88 Min.0.50 

 Molybdenum ppm 0.11 0.10 0.09 0.08 0.05-0.2 

 
Table-3: Concentration of Heavy Metals (ppm dry weight) in Cereal Samples ofselected Lands. 

Metal 

(ppm) 

Wheat Jawar (Pure) Jawar 

(Medium) 

Sajji Tolerance 

limit(ppm) 

WHO 

Safe limit 

Cultivation lands of Hire Padasalagi village.  

Copper 3.15 1.70 2.45 2.18 3 --- 

Iron 38.83 23.00 32.05 21.45 20 --- 

Zinc 333.75 195.50 172.25 232.25 27.4 --- 

Manganese 51.25 10.75 16.38 13.65 2 500 

Cobalt 0.14 0.11 0.13 0.15 --- 50 

Nickel 0.08 0.18 1.40 1.00 1.63 67 

Chromium 0.22 0.20 0.18 0.15 0.02 2.3 

Lead 0.09 0.08 0.065 0.054 0.2 0.3 

Cadmium ND ND ND ND 0.2 0.2 

  Cultivation lands of Savalagi village.  

Copper 3.28 2.78 2.59 2.80 3 --- 

Iron 38.92 24.2 35.2 22.08 20 --- 

Zinc 341.12 197.51 173.98 233.10 27.4 --- 

Manganese 52.38 11.21 17.31 14.12 2 500 

Cobalt 0.24 0.18 0.12 0.25 --- 50 

Nickel 0.09 0.19 1.48 0.92 1.63 67 

Chromium 0.49 0.31 0.29 0.19 0.02 2.3 

Lead 0.110 0.100 0.072 0.061 0.2 0.3 

Cadmium ND ND ND ND 0.2 0.2 

 Cultivation lands of Hipparagi village.  

Copper 4.15 3.75 3.82 3.54 3 --- 

Iron 39.9 25.9 38.91 26.2 20 --- 

Zinc 353.81 201.10 181.21 239.12 27.4 --- 

Manganese 55.40 13.92 19.12 17.21 2 500 

Cobalt 0.49 0.39 0.13 0.46 --- 50 

Nickel 0.11 0.25 1.55 1.08 1.63 67 

Chromium 0.85 0.42 0.331 0.19 0.02 2.3 

Lead 0.163 0.130 0.09 0.08 0.2 0.3 

Cadmium ND ND ND Nd 0.2 0.2 

 Cultivation lands of Surapali village.  

Copper 3.98 3.01 3.12 3.12 3 --- 

Iron 39.1 24.9 36.2 24.5 20 --- 

Zinc 348.20 198.15 174.52 234.25 27.4 --- 

Manganese 53.92 12.91 17.98 15.20 2 500 

Cobalt 0.35 0.25 0.12 0.34 --- 50 

Nickel 0.10 0.23 1.50 1.01 1.63 67 

Chromium 0.68 0.49 0.39 0.21 0.02 2.3 

Lead 0.141 0.110 0.08 0.07 0.2 0.3 

Cadmium ND ND ND ND 0.2 0.2 

 

RESULTS AND DISCUSSION 
The contaminated water used for irrigation was analyzed for temperature, turbidity, DO, pH, EC, TDS, 

TA, TH, Carbonates, bicarbonates, chloride, sulphate, calcium and heavy metals were reported in table 1. 

The results revealed that TDS, EC, K, Ni, Cd, Pb, Zn and Fe were found higher than the permissible 

limits given by the National Standards for drinking water quality. 
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From the findings and by the fact that the soil at these sites contaminated with heavy metals found above 

permissible limits. The sites of Hipparagi and Surapali have been irrigated with polluted waste water 

(municipal sewage water) from Rabakavi and Banahatti industrialized and urbanized towns. Hence, the 

most prevalent heavy metals such as Fe, Mn, Zn, Cu, Cd and Cr in the soil samples found to be in higher 

concentrations as reported in Table 2. 

Table 3 reports the results of heavy metals in wheat grains, Jawar (pure), Jawar (Medium) and Sajji from 

the cultivated lands of Hipparagi, Surapali, Savalagi and Hire Padasalagi villages, where the crops were 

irrigated with River Krishna amendments with municipal sewage waste, solid waste etc.,  

 

Heavy Metal Concentrations in Cereals 

Copper (Cu) 
Copper is one of the essential micronutrients in plants and animals21. The human body contains Cu at a 

level of 1.4 to 2.1 ppm of body mass. Cu is absorbed in the intestine (gut), which facilitates iron uptake. 

Its deficiency can produce anemia- like symptoms, neutropenia, bone abnormalities, increased incidence 

of infections, and abnormalities in glucose and cholesterol metabolism. In the present investigation the 

concentration of Cu in the wheat grains was found to be in the range of 3.15 ppm to 4.15 ppm from all 

selected cultivated lands, the values were found higher than the tolerance limit, this is the indication that 

the soils of the region received a high metal load through the application of contaminated sewage water, 

solid wastes etc., the order of Copper concentration in wheat grains as compared with other cereals like 

Jawar (Pure), Jawar (Medium) and Sajji was as: Wheat > Jawar (Medium) > Jawar (Pure) > Sajji. From 

the investigation, it is revealed that the Copper concentration in wheat grains found more than other 

cereals. 

 

Iron (Fe) 
Iron is an essential element in man and plays a vital role in the formation of hemoglobin, oxygen and 

electron transport in human body22. In the present investigation, Iron was found to have the highest 

concentration in the entire cereals samples analyzed (table 3). The maximum concentration of iron was 

found in wheat (39.9 ppm) at Hipparagi cultivated irrigated lands. The tolerance limit of Iron in food is 

found to be 20 ppm. The results obtained in this study were higher than the recommended limit. The total 

accumulation of Fe was in the order of Wheat > Jawar (Medium) > Sajji > Jawar (Pure). Hence, the study 

revealed that there was a significant difference in levels of Fe in the cereals. 

 

Zinc (Zn) 
Like Copper, Zinc is a most studied element in wheat grains, it is essential to all organisms and has an 

important role in metabolism, growth etc., Zn deficiency leads to coronary heart diseases and various 

metabolic disorders23. In the current study, the values of Zn was found to be in between 353.81 ppm – 

333.75 ppm. The highest value found in the wheat grains of Hipparagi cultivated lands, the lowest values 

found in the lands of Hire Padasalagi. The levels of Zn in other grains such as Jawar (Pure), Jawar 

(Medium) and Sajji were found to be 201.10 ppm, 181.21 ppm and 239.12 ppm respectively from 

cultivated lands of Hipparagi locations; all values were higher than the prescribed range. It was evident 

from table 2 that deposition of heavy metal in soils by the uses of municipal waste water, sewage sludge 

etc., The content of Zinc reported in this investigation is generally higher than the permissible levels in all 

selected cultivated lands set by sttandards24. The study revealed that there was significant deference 5 

ppm to 7 ppm in levels of Zinc in all cereals. 

 

Manganese (Mn) 

Essential for many biochemical processes. Kidney and liver are the main storage places for the Mn in the 

body, Mn is essential for the normal bone structure, reproduction and Mn play very important role in the 

functioning of the central nervous system. The deficiency of Mn causes reproductivity failure in both 

male and female23. Mn found in maximum concentration in wheat at Hipparagi cultivated lands (55.40 

ppm) and minimum in Jawar (Pure) (13.92 ppm)  in the same area the concentration of Mn in the cereals 

were found in the order: Jawar (Pure) < Sajji < Jawar (Medium) < Wheat; as reported in Table-3. 
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Cobalt (Co) 
Cobalt is an important component of the vitamin B-12 molecule. It is required in the manufacture of RBC 

and in preventing anemia. An excessive intake of Cobalt may cause the over productionof RBC22. In the 

current study the maximum concentration of Cobalt found in wheat (0.49 ppm) of Hipparagi cultivated 

lands and minimum value of Cobalt found (0.13 ppm) in Jawar (Medium) of the same locations – the 

concentration of Cobalt in cereals samples were found in the order of Wheat > Sajji > Jawar (Pure) > 

Jawar (Medium) respectively (Table 3). The same trends were seen in other selected region of irrigated 

lands. 

 

Nickel (Ni) 
Enzymes functions are purely depended on the presence of Nickel. The trace amounts of Ni may be 

beneficial to activate somebody systems, but its toxicity at higher levels is more enzyme prominent25. The 

present findings of Ni in selected cereals found in between 1.55 ppm to 0.08 ppm which is less than the 

tolerance limit in cereals (1.6 ppm). Ni in wheat grain is 0.11 ppm, which is under the permissible limit. 

The order of Ni levels in Hipparagi cultivated lands were recorded as: Jawar (Medium) > Sajji > Jawar 

(Pure) > Wheat. 

 

Chromium (Cr) 
Chromium is an essential element required for normal sugar and fat metabolism even though chromium 

has been classified as not essential for mammals26. It is effective to the management of diabetes and it is a 

cofactor with insulin.  Cr (III) and its derived compounds are not considered a health hazard, while the 

toxicity and carcinogenic properties of Cr (VI) have been known for a long time27. The concentration 

level of Cr in Hipparagi cultivation lands in wheat, Jawar (Pure), Jawar (Medium) and Sajji were found to 

be 0.85, 0.42 0.33 and 0.19 ppm respectively. These values are lower than the maximum permissible limit 

of 2.3 ppm by FAO/WHO24. The Cr content in wheat grains was found to be higher in almost all cases of 

selected cultivated lands as reported in table 3. 

 

Lead (Pb) 
Lead toxicity is known to cause muscular, skeletal, neurological, reproductive and developmental 

effects28. Higher concentrations of Lead reduce the growth, biomass and total chlorophyll content of 

plants. Consumption of cereals containing higher concentrations of Lead in the form diet may increase 

blood Pb levels with increases risk of anemia and neurological disorders.  It is concluded that the 

increment of total solid heavy metals contents (Cd, Pb, Zn, and Cu) could enhance gains Cd accumulation 

and the increment of total soil Zn content may lower Pb accumulation in grains. 

The current study reveals that the higher value of Lead in wheat grains (0.163 ppm) of Hipparagi 

cultivation lands and ranging from 0.163 ppm to 0.08 ppm in all grains, this is the indication that the 

cultivated soils were irrigated by waste water or amended by sludge in the region of Hipparagi,  the other 

three selected villages such as Surapali, Savalagi and Hire Padasalagi are away from the dumping spots of 

municipal sewage of Rabakavi and Banahatti towns into the River Krishna downstream. 

 

Cadmium (Cd) 
Cadmium is highly toxic non-essential heavy metal and it does not have a role in the biological process in 

living organisms. Even lower concentration of Cd in the food chain could be harmful to living 

organisms28. Cd poisoning in man could lead to anemia, renal damage, bone disorder and concern of 

lungs (Edward et al ., 2013).  Cadmium usually added to the soil by the uses of phosphatic fertilizers and 

industrial wastes may have a detrimental effect on soil micro-organisms. On the analysis of soil samples 

of the study area the concentration of Cd metal found to be 1.18 ppm, 1.06 ppm, 0.89 ppm and 0.80 ppm 

in Hipparagi, Surapali, Savalagi and Hire Padasalagi cultivation lands respectively. As can be seen from 

the current study (table 3) Cd was not detected in any of the cereal samples in the study area.  
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Heavy Metals in vegetables 
The heavy metal levels determined were based on plants dry weight. Levels of Cu, Zn, Ni and Mn were 

observed to be lowest in selected all vegetable samples, while the levels of Fe, Cd and Pb were the 

highest. Heavy metals affect the nutritive values of agricultural materials and also have a deleterious 

effect on human beings. The results of the vegetable analysis showed that the level of Pb in all samples 

was in between 30.5 ppm to 58.1 ppm. The Pb levels in vegetables were observed in the order of Sabasagi 

> Palak >Kotambari>Pundi> Mulangi > Menthe.  

 

Cadmium (Cd) 

A non-essential element in all the samples analyzed, its level was observed varying in between 6.1 ppm to 

31.6 ppm. The order of Cd metal concentration in the selected green vegetables: Palak (31.6 ppm) >Pundi 

(14.5 ppm) >Kotambari (12.4 ppm) > Menthe (6.7 ppm) >Mulangi (6.3 ppm) > Sabasagi (6.1ppm). All 

values found above the tolerance limit, definitely will cause a hazardous effect on human beings. 

 

Copper (Cu) 
Copper is an essential micro- nutrient which functions as biocatalysts, required for body pigmentation in 

addition to Fe. Cu maintains a healthy central nervous system if it is within tolerance limits. It prevents 

anemia and interrelated with the function of Zn and Fe in the body. In the current study the concentration 

of Cu in all the tested vegetable samples varied between 19.5 ppm in Sabasagi to 45.2 ppm in Mulangi. 

Cu levels in other green vegetables found to be as Palak (23.5 ppm), Menthe (44.5 ppm), Pundi (24.2 

ppm) and Kotambari (25.7 ppm) all values were within the prescribed legal limits.   

 

Zinc (Zn) 
One of the most important metals for normal growth and development in a human being is Zinc29. Its 

deficiency may be due to inadequate dietary intake. The concentration of Zn in the samples reported in 

this study varied between 58.9 ppm lowest in Sabasagi and 116.4 ppm highest in Mulangi. Concentrations 

of Zn metal in other vegetables were found to be as: Palak (75.5 ppm), Menthe (73.0 ppm), Pundi (64.2 

ppm) and Kotambari (69.0 ppm). 

 
Table-4:Concentration of Heavy Metals in Green Vegetables (ppm values) available in  

Local Market Places. 

S. No. Vegetable Cu Zn Ni Mn Fe Pb Cd 

1 Palak  

(Spinach) 

23.5 75.5 12.7 174.0 1120.0 51.4 31.6 

2 Menthe 

(Trigonella) 

44.5 73.0 23.0 93.0 470.0 30.5 6.7 

3 Mulangi 

(Radish) 

45.2 116.4 13.8 51.2 841.7 34.6 6.3 

4 Pundi (Deccan 

henp) 

24.2 64.2 16.4 46.4 541.8 41.4 14.5 

5 Kotambari 

(Coriander) 

25.7 69.0 11.8 162.0 424.5 49.5 12.4 

6 Sabasagi (Dill) 19.5 58.9 13.6 39.9 421.0 58.1 6.1 

WHO Safe limit 50 300 50 300 270 10 3 

 

Nickel (Ni)  

Nickel plays some role in body functions including enzymes functions. It occurs naturally more in plants 

than in the animal flesh. It activates some enzymes systems in trace amount but its toxicity at higher 

levels in more prominent. The Ni levels in the samples tested varied between 11.8 ppm and 23.0 ppm 

with the lowest level observed in Kotambari (11.8 ppm) and highest observed in Menthe (23.0 ppm). 
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Manganese (Mn)  
Manganese has little direct activity on its own in the body as it is an integral component of Vitamin B12. 

The activity and its uses to the body system are similar to that of Vitamin B12. However, in this study its 

level varied between 39.9 ppm lowest in Sabasagi and 174.0 ppm highest in Palak. Menthe (93.0 ppm), 

Mulangi (51.2 ppm), Pundi (46.4 ppm) and Kotambari (162.0 ppm).  The metal ion found within the safe 

limit in all the green vegetables. 

 

Iron (Fe) 
Iron metal concentration in selected all vegetable samples found more than the tolerance and safe legal 

limit. Its concentration found highest in Palak (1120.0 ppm) and lowest in Sabasagi (421.0 ppm). The 

order of the Fe in all vegetables were recorded as: Palak (1120.0 ppm) >Mulangi (841.7 ppm) >Pundi 

(541.8 ppm) >Menthe (470.0 ppm) >Kotambari (424.5 ppm) > Sabasagi (421.0 ppm). 

 

 
 

Fig.-1.Heavy Metals (ppm dry weight) in Cereals samples of Lands of Hipparagi Village. 
 

 
Fig.-2. Heavy Metals (ppm dry weight) in Cereals samples of Lands of Savalagi Village. 
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Fig.-3. Heavy Metals (ppm dry weight) in Cereals samples of Lands of Hire Padasalagi Village. 

 

 
Fig.-4. Heavy Metals (ppm dry weight) in Cereals samples of Lands of Surpali Village. 

 

 
Fig.-5. Heavy Metals in Spinach (Palak) Green Vegetable  (ppm value). 
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CONCLUSION 

Analysis of heavy metal concentrations in cereals grown in soils of four selected villages irrigated with 

River Krishna water. The cultivation lands of Hipparagi is located nearer to the dumping spot (0.5 km) of 

municipal wastes / sewage wastes from Rabakavi and Banahatti Urbanized and Industrial towns to the 

stream of the river. In addition to this forming community were using fertilizers, pesticides for growing 

these cereals. Hence, the soil will be affected by the accumulation of these heavy metals. Most of the 

metals found in Wheat and Jawar grains were higher than the International standards. The villages like 

Surapali (4kms), Savalagi (8 kms) and Hire Padasalagi (11 kms) away from the municipal waste dumping 

spot. But, the heavy metal concentrations in the food grains (cereals) of the cultivation lands of these 

regions were found in higher ranges were due to agricultural practices, uses of fertilizers and pesticides. 

Zn, Fe, Cu in food grains in the current study of Hipparagi cultivated lands were found above the safe 

limit. Whereas Mn, Co, Ni, Cr, Pb and Cd were under the safe limits. The farming community of 

Hipparagi village and authorities of the municipal council of Rabakavi and Banahatti were informed and 

recommended that municipal waste water treatment must be carried out prior to dumping directly or 

indirectly into the stream of the river to avoid soil and food grains toxicity by heavy metals. The results 

reported here confirm that the vegetables collected from chosen production and marketplaces in the 

Jamkhandi city contained heavy metal contents within the safe limits prescribed by the WHO. But Lead, 

Cadmium and Iron exceeded the tolerance level.  The concentration of Iron in Palak 1220.0 ppm, the 

concentration of Cd in Palak 31.6 ppm and the concentration of Lead in Sabasagi 58.1 ppm were highest 

and exceed the tolerance limit. The heavy metal concentration in available vegetables leads toxic effect to 

body system and causing health hazards. 
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