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Final Report

1. Project Title
Comparative analysis of heavy metal toxicity and pesticide contamination in vegetables
collected from local sites and organic stores in Delhi.

2. Project Code
SHC 313

3. Abstract

Vegetables form an essential part of our diet and provide us with nutrients, fibre and
antioxidants. Past fifty years of industrialization, urbanization and ‘Green Revolution’
has polluted our environment. Some of these pollutants include pesticides and heavy
metals like Lead (Pb) and Cadmium (Cd). Growing vegetables in this environment
contaminate the food we eat causing severe health implications. To investigate the
vegetables, three sites were chosen in Delhi-NCR region where vegetables are grown
locally- Yamuna floodplains (Nizamuddin), Hindon floodplain, Nilothi village (near
Najafgarh nallah). Vegetables grown in Lady Irwin College, University of Delhi were
collected for organic produce. Pb contamination was found in vegetables collected from
Najafgarh and in some of the organic vegetables. The Bio Concentration Factor (BCF)
for all vegetables were above 1 making them unfit for raw consumption. High levels of
Persistent Organic Pollutants (POPs) were found in all the vegetables including organic
produce. A second round of sampling was carried out in summer from Najafgarh and
Azadpur Mandi to check the heavy metal and pesticide levels in them. In comparison to
winter vegetables, summer vegetables had heavy metals below permissible levels. The
BCF factor for most vegetables was also below 1. However, pesticide levels were above
permissible levels. It was concluded that it is better to consume vegetables from
Azadpur Mandi instead of the local produce. Organic farming does not prevent heavy
metal contamination if the environment is contaminated. A ‘Lab to Land’ initiative was
taken to create awareness among the farmers of the current situation.

4. Introduction

Vegetables form an essential part of human diet. They are the main source of nutrients,
fibre and antioxidants, which are important for our health. It has been a tradition, all
over the world to grow these vegetables on the fringe of urban areas. However, recent
trends in industrialization and unplanned urbanization and ‘Green Revolution’ in the
field of agriculture have resulted in deterioration of environment of these periurban
regions and the crops grown in them. Air, water and soil, which form the growth media
for the vegetables, are heavily polluted with industrial effluents, wastewater, untreated
sewage water, vehicular emission and indiscriminate use of pesticides. These pollutants
include metals like Cu, Pb, Cd Cr, Hg, and As, some of which are highly toxic even at
low concentration.These toxic elements enter the food chain by consumption of
vegetables, which are often grown in contaminated environment. Depending on the
nature of vegetables, different vegetables accumulate variable concentration of metals in



different parts of the vegetable crop. Green vegetables are seen to accumulate highest
concentration of these heavy metals and pesticides.

India is now the second largest manufacturer of pesticides in Asia after China and ranks
twelfth globally.The pattern of pesticide usage in India is different from that for the
world in general. In India 76% of the pesticide used is insecticide, as against 44%
globally. Technology and development have increased the comfort level for society of
man without paying heed to the detriorating effects on environment and our food .

5. Research problem

With the ever increasing concern of food adulteration and their contamination from
various sources, health risk assessment has come up as a prime concern in food and
agricultural sector in Delhi. Various sources of soil and water pollution have added toxic
contaminants to plant based food items grown in and around the industrial areas of the
city. Ground water contamination and pollution of Yamuna water caused by industrial
effluents and improper management of sewage disposal is of prime concern. However,
contamination of crops due to agricultural source caused by the rigorous application of
pesticides and insecticides also pose serious health risks in humans and animals ranging
from mild to chronic diseases and even malignant symptoms. Inorganic heavy metal
contaminations due to pollution and accumulation of organo-phospho and organo-
chlorinated pesticides are the major contaminants expected to be found in plant based
food items. Application of carbide (Fruit ripening enhancer) and oxytocin (growth
inducer) in fruits and vegetables pose serious health risk in children and adults.

Recent reports suggest the levels of heavy metal accumulation (Cr, Ni, Pb and Cu ) to
have exceeded the permissible limit and thus affecting the ground water in regions of
Shahdara block and Najafgarh area of Delhi. The National Green Tribunal (NGT)
recommends the halt of vegetable cultivation in the Yamuna bank of Khadar area.
Central pollution control board (CPCB) reports the effect of heavy sewage disposal by
Najafgargh drain responsible for the rise in BOD (biological oxygen demand) load in
water of Yamuna river. UP pollution control board reported the deadly polluted status of
Hindon river accumulating industrial effluents from 172 industries present in the cities
of Ghaziabad, Gautam buddh nagar and Meerut. Since most of these industries involve
dye-manufacturing, electroplating and pesticide factories in addition to animal slaughter
houses, water in hindon river has been expected to accumutlate high levels of toxic
heavy metals and pesticides. Consumption of vegetables grown in polluted water is
reported to cause prevalence of vomiting, diarrhea, gastroenteritis, blood infection,
dehydration, urinary infection and kidney dysfunction.

Organic farming is one of the preferred eco-friendly alternatives to the usage of artificial
pesticides and fertilizers. The use of green manure, compost and biological control of
pests nullifies the possibility of toxic pesticides and insecticides to accumulate within
the vegetables and enter the food chain by biological maginification.



In view of the above concerns and remedies the objective of the project was to provide a
comparative analysis of heavy metal toxicity and pesticide contamination in vegetables
collected from four local sites with that obtained from organic stores in Delhi.
Furthermore the quality of cultivation soil will also be investigated to detect such
possible contaminants.

Aim of the project

e Field visits to local farms and organic vegetable farms to compare differences in the
pattern of farming

e Analysis of heavy metal toxicity

e To examine the presence of organo-phospho and organo-chloro pesticides

e To compare the levels of toxic accumulation in vegetables collected from local sites
with that obtained from organic farm.

e Put forward recommendations on the basis of data collected

. Methodology

¢ Choice of Experimental site

e Sampling methods

e Sample preparation and processing
e Processing of soil

Choice of Experimental site

Two rounds of sampling was done: During the first round in winter season, 2015 three
sites were identified where vegetables are grown in Delhi/NCR region and supplied to
local markets:

Site A: Najafgarh drain near village Nilothi , Najafgarh
Site B: Hindon river bank near the city Ghaziabad
Site C: Cultivated Area near Nizammudin Bridge

Vegetables were also procured from Lady Irwin College (Site D), University of Delhi
where organic farming is carried out. These samples will serve as organic samples.
During the second round as per suggestion of the panel, vegetables were also procured
from the vegetable vendors in Azadpur mandi (Site E) and tested alongwith vegetables
collected from Najafgarh at the vicinity of battery factory in the summer season, 2016.

Sampling methods

Soil/irrigation water samples and vegetables were collected from these 3 agricultural
sites in Delhi and NCR regions which were identified in the range mild to severely
polluted sites along with organic farm.Vegetable samples were also collected from
Azadpur mandi. To the irrigation water collected, Iml of conc. nitric acid was
immediately added on site to 100 ml water sample to prevent oxidation of metals.



Sample preparation
Vegetables

= All the samples were washed in running tap water and then soaked for half an hour
[in cold (series 1) and hot water (series 2)] and then air-dried.

= Two samples of the vegetables were prepared: a) Unpeeled and b)peeled (depending
upon the type of vegetable).

= The samples were cut down into pieces and weighed.

= The weighed sample was placed into pre-heated oven (105 C) to remove moisture

content.
= The dried sample was ground into powder form and weighed.
Soil

= The soil collected was air dried to ensure no moisture content was left in it.
= The pH of the soil was measured using universal indicator (Fisher Scientific)
For Heavy metal Analysis

Vegetable samples

= The powder of the vegetable samples acid digested

= 5ml of conc. nitric acid was added to 2g of sample and heated at 80 C till all nitric
acid was evaporated

= The digested sample was diluted in 50 ml deionised water and filtered (Whatman no.
41)

= Filterate was sent for atomic absorption analysis (AAS) to Institute of Life Long
Learning (ILLL)

Soil samples

= The soil samples were air dried and ground into fine powder

= 5ml of conc. nitric acid was added to 2g of sample and heated at 80 C till all nitric
acid evaporated

= The digested sample was diluted in 50 ml deionised water and filtered (Whatman no.
41)

= Filterate was sent for AAS to ILLL.

For Pesticide Analysis

The dried vegetables and soil was sent to EMRTC laboratory for GC analyses.



7. Result and Discussion

Heavy Metals

In order to evaluate the potential threat of heavy metals to human health, the concentrations
of heavy metals in the edible parts of the vegetables, the soil in which they are grown and
the irrigation water used in Delhi-NCR region was investigated.

Soil

The pH of the soils from the four sites varied from 6.5-8 (mean= 7.4) with Najafgarh
soil being slightly acidic since the area is irrigated with water mixed with wastewater from
battery factory. The values are well within the levels recommended by CPCB, India for
agricultural land. The pH of the soil influences the bioavailability of the heavy metals to the
plant. As the alkalinity of the soil increases the availability of the heavy metals to the plant
decreases.This may also prove to be harmful resulting in the subsequent accumulation of
heavy metals in agricultural land over the years.

Copper (Cu) and Zinc (Zn) are the essential microelements, however when present
in excess can inhibit the metabolic activities of plants. Excessive exposure to Cu causes
cellular damage leading to Wilson’sdisease. The acute exposure of zinc can cause
tachycardia, vascular shock, dyspeptic nausea, vomiting, pancreatic disorder, diarrhea and
damage of hepatic parenchyma. The Cu and Zn content in all the soils were found to be well
within the permissible level. Cd and Pb on the other hand are well known plant toxins.
Despite the roots being selective of the mineral uptake these toxic elements are also taken
up and accumulated in the plant. All the metals were found to be within the safe limits as
set by WHO.
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Figure 1: The heavy metals found in various soils in ppm. As per WHO maximum permissible levels of
Cu, Zn, Pb and Cd in soil are 100, 300, 100 and 3ppm




Irrigation water

Very high levels of Cu, Cd and Zn were found in the irrigation water (winter) used from
Najafgarh nallah and Yamuna river near Nizamuddin as seen in Fig 2. High levels of Cd was found
in irrigation water collected from Najafgarh in summer. A major reason for this maybe the discharge
of wastewater from the industries right adjacent to the agricultural land. If left untreated wastewater
would have a high content of heavy metals. During sampling it was observed that the wastewater
from the battery factory was discharged directly into the Najafgarh nallah, which is used for the
irrigation of the adjacent agricultural land.
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Figure 2: Graph showing the concentration of various heavy metals in irrigation water.

Vegetables
Heavy metals are mobile and easily taken up by plants grown in metal contaminated

environment. Sinc ethe plant has the ability to accumulate metals in different parts from
environment, eating such vegetables may pose health implications. In the study that was
carried out investigations were carried out for Cu, Zn, Pb and Cd accumulation in the edible
part of the plant, i.e. vegetable.

According to WHO, if fresh produce contain essential elements like Zn and Cuin

amounts high concentrations, it would harm the human beings. The sites from where the
vegetables were collected are irrigated with polluted water. River Yamuna which is
considered as the lifeline of Delhi is one of the most polluted rivers. Najafgarh drain as
reported by CPCB, 2007 is one of the major polluting drains of Delhi, carrying the
wastewater from the industries as well as freshwater released by Haryana into irrigation
canal. Hindon river too, is a highly polluted river as it receives both treated and untreated
municipal and industrial discharges generated in and around Ghaziabad, India. The levels of
Cu and Zn collected from all sites were found to be within permissible levels. The MPL by
WHO is of 30 and 50 ppm of Cu and Zn respectively (Fig 3).
Toxic elements like Pb and Cd are harmful even at low concentrations.Both of them are
very toxic and are carcinogens. Exposure to high Pb levels can severely damage the brain
andkidneys,cause miscarriage in pregnant women, damage the sperm production organs and
ultimately cause death.
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Figure 4: Various levels ofCu and Zn detected from winter vegetables (in ppm) collected from Yamuna flood
plains (near Nizamuddin), Hindon flood plains, near Najafgarh nallah (winter) and organic farm at
Lady Irwin College, University of Delhi.
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Figure 5: Various levels of Pb and Cd detected from winter vegetables (in ppm) collected from Yamuna
flood plains(near Nizamuddin), Hindon floodplains, near Najafgarh nallah (winter) and organic farm
at Lady Irwin College, University of Delhi.

High levels of Cd was observed in gourd from Hindon floodplains (3.46 ppm). These levels
were above the MPL of WHO; 0.2 ppm. Very high levels of Pb was detected from raddish
leaves (0.532 ppm) from Hindon floodplains, cauliflower (0.4 ppm), spinach (1.58ppm) and
raddish (0.76 ppm) in winter near Najafgarh nallah, spinach (0.43 ppm), and brinjal (2 ppm)
from organic farm at Lady Irwin College, University of Delhi. These levels are higher than
the permissible levels by WHO; 0.3 ppm.

In all the vegetable crops, significant differences were found in heavy metal concentrations
between the winter and summer cropping collected near Najafgarh nallah (figure 6). Heavy
metal concentrations were higher in the vegetables harvested in the winter cropping season
whereas during summer the vegetables had the concentration of metals below permissible
level. The vegetables grown on organic farm of Lady Irwin College also showed high
concentrations of heavy metals since organic farming is the way of farming and if the soil
contains heavy metals, the plants will uptake and accumulate them.

The heavy metal content of vegetables collected from Azadpur mandi were within the
permissible level of WHO (Fig 7). All the vegetables were washed with both warm and
cold water. Washing did remove a considerable amount of heavy metals deposited on the
surface of vegetables but no conclusive result could be formulated as to the best temperature
of water.In most of the vegetables the uptake of metals was seen to be in the order
Zn>Cu>Pb>Cd irrespective of the vegetable.



Site C- Najafgarh summer vegetables
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Figure 6: Various levels of heavy metals in vegetables collected near Najafgarh nallah during summer
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Figure 7: The Cu, Zn, Cd and Pd contents in vegetables from Azadpur mandi (wholesale market for
vegetables)

Bio-concentration factor- Bio-concentration factor (BCF) is commonly used toappraise the
ability of a plant to uptake toxic elements from the soil.

BCF = concentration of metal in vegetable

concentration of metal in soil



a. Yamuna

Floodplains BCF (Cu) BCF (Zn) BCF (Cd) BCF (Pb)
Brinjal 140.1520231 | 120.4063865 | 0.847399829 | 8.514211886
Gourd 88.79055877 | 149.9836245 | 0.342995169 | 7.640826873
Lady Finger 74.6734104 195.183952 | 0.112105712 0
Radish 27.72398844 | 87.15966157 | 0.232949702 0
Spinach 83.03208092 | 164.9274017 | 0.457800512 0.32751938
b. Hindon Floodplains BCF (Cu) BCF (Zn) BCF (Cd) BCF Pb)
Raddish leaves 310.4022617 | 40.67438782 7.63139357 | 5.329876837
Spinach 271.8885299 | 87.17124421 | 4.523667851 | 15.00846944
Brinjal 284.7374798 | 36.68696228 | 3.962100458 | 29.58702034
Cauliflower 297.4878837 | 12.76075447 | 40.11838322 | 0.335498937
Mint 267.3327948 | 12.76075447 | 2.087202529 | 32.09721191
Mustard leaf 139.8287561 | 66.99338187 | 6.524192714 8.38588326
Gourd 267.2011309 | 71.30013236 | 2.280920854 60.9102688
c. Najafgarh (winter) | BCF (Cu) BCF (Zn) BCF (Cd) BCF (Pb)
Cauliflower 82.885 228.674 0.422 50.354
Spinach 226.734 412.932 0.668 209.814
Raddish leaves 153.026 201.622449 1.204 57.072
Raddish 216.022 359.617 12 85.605
d. Organic BCF (Cu) BCF (Zn) BCF (Cd) BCF (Pb)

Brinjal 35.096 75.252 0.785 12.629

Spinach 36.22 70.884 0.884 10.061

Raddish 21.165 83.999 0.919 17.767

Table 1 : The BCF values for various vegetables collected from the four sites.

The BCF values above 1.0 indicates higher uptake of heavy metals in vegetables than in the
soil. An area which recorded BCF below 1.0 indicates high heavy metals concentration in
soil in relation to vegetables and therefore low uptake of heavy metals to vegetables. The
calculated BCFs for the heavy metals from different sites in Delhi-NCR region are
presented in Table 1 (a-d). The BCFs of Cu, Pb and Zn for all vegetables and at all locations
were found to be, in general, above one (1.0) Such high BCF values suggest that these
vegetables should not be eaten raw. It is observed that the green vegetables accumulate
greater concentration of heavy metals. The BCF values of summer vegetables collected



from Najafgarh was lower than 1.1t is seen the accumulation of Zn from soil to vegetables is
the highest followed by Cu>Pb>Cd.

Pesticide

Pesticides have different distribution and persistence patterns in the environment, even if all
of them are distributed in some way through air, soil and water. This should be addressed to
gain an understanding of how acute and chronic exposure may occur because air, water and
soil are the media of exposure. When a pesticide is applied directly to a target pest (plant or
animal) the whole site is affected including crop plants, soil organisms and, potentially,
humans and wildlife in the immediate area. In addition, part of it goes to the air or to surface
waters, due to emission or drift. Once on the target site, the pesticide may "drain" into
surface waters or volatilize into the air. From the air it may deposit on humans, wildlife or
plants or on the soil. From the animals or plants where it was applied the pesticide may leak
into groundwater. The persistence of the pesticide depends on its physical and chemical
properties (partition coefficients, degradation rates, deposition rates and the characteristics
of the environment. The most persistent pesticides are termed “persistent organic pollutants”
(POPs). Some pesticides are characterized by being very persistent in the environment. They
may represent long-term dangers as they biomagnify up the food-chain. Humans, and
particularly breastfed babies, are at the top of the food-chain. Organophosphates and
carbamates can affect the nervous system. Others may irritate the skin or eyes.
During the investigative study carried out the vegetables were found to be contaminated
with pesticedes which have been classified as POPs under Stockholm Convention- aldrin,
lindane and endosulfan. Some of these are carcinogens. Others affect hormones or endocrine
system in the body.
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Figure 8- Levels of pesticide in soil and irrigation water collected from various sites

S. no. Pesticide CODEX (mg/kg) fssai (mg/kg)
1. Aldrin (POP) 0.05 0.1

2. All Endosulfan (POP) 0.1 2

3. Lindane (POP) 0.01 1

4. DDT (POP) 0.2 3.5

5. DDD (metabolite of DDT) 0.2 3.5

6. Alachlor (Herbicide) NA NA

7. d-BHC (isomer of HCH) 0.01 1

8. Butachlor (Herbicide) NA NA

Table 2: The allowed levels pesticides in vegetables by CODEX (WHO/FAO) and fssai



a) Site A- Yamuna flood plains (Nizamuddin)
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Figure 9: The levels in pesticide collected during winter season from the four sites.



The results of the study show high levels of pesticides collected from all sites (Fig 9).

Most of these pesticides included POPs like aldrin, endosulfan and lindane. An alarming
feature observed was very high levels of pesticides in organic vegetables. They contained
levels of endosulfan varying from 4.69 ppm in brinjal to as high as 131.02 ppm in radish
leaves (Fig 11d). These values are above the permissible levels of CODEX- 0.1 ppm.
Alarming levels of POPs lindane (17.2 ppm), aldrin (3.28 ppm) and DDT (67.85 ppm) were
also observed in spinach. These are above the permissible levels by CODEX- 0.05 ppm,
0.01 ppm and 0.2 ppm of aldrin, lindane and DDT respectively. Since not much attention
must have been paid to the surrounding areas these pesticides must have been transported
through air or through surface water, due to emission or drift. That is why it is important to
evaluate the surroundings before starting an organic farm.
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Figure 10: Levels of pesticides found in summer vegetables collected from Najafgarh and Azadpur
Mandi.



Pesticides levels in Najafgarh vegetables were lower than the winter vegetables but still
above the CODEX permissible levels. The vegetables in Azadpur mandi contained high
levels of d-HCH, an isomer of lindane, which deposits and accumulates in the adipose
tissue of our body. It is not as toxic as lindane but since it keeps accumulating in the
body it might have a long-term effect on the body.

Innovations shown by the project: Lab to land

On the basis of the alarming levels of heavy metals and pesticides detected in the
vegetables collected from Najafgarh it was decided by the students and project
investigators to hold a workshop ‘Kisan Jagrukta Karyashala’ in Najafgarh area
on 28" September, 2016 to create awareness among the farmers of the current
situation and educate them about the use of pesticides in correct amount. For this
two of the well-known horticulturalists Prof. J.K. Nangal and Dr. Jitender Bamel
were invited from Haryana Agricultural University. The team shared with them
the findings of the project. They were educated of the right amount of pesticides
that should be sprayed. Moreover they were made aware of the health
implications of the heavy metals and pesticides in vegetables, which are also
consumed by their family members. The workshop was a much success and
gained much media coverage.
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Farmers were asked some basic questions regarding their knowledge about use of pesticides
and presence of heavy metals in soil, water and the vegetable they grow. their response
through a questionaire indicate their ignorance towards some very simple but important
issues. Forty farmers from Najabgarh area villages were the subjects. Some filled
questionaires are as follows:

-,

SHIVAJI COLLEGE (UNIVERSIT

SHC- 313: Comparative analysis of
vegetables collected from local site

Question
Do you know about soil and water testing? M{p
Is it essential? %)

Do you apply fertilizers? \{1(—0

Do you grow a legumes in a planting cycle? MQ
Do you bum straw and slash? “fta

Do you know that only 6 inches deep soil is |
Do you treat seeds with microbes before sowing?
Do you rotate ﬂaﬁ_qmps?‘ k{g?o




9. Conclusion and Future direction

The concentrations of the heavy metals in irrigation waters, and vegetables
from Najfgarh area showed higher levels of pollution than those from other
sites. As per CPCB, 2007, Najfgarh nallah is one of the major polluting
drains of Delhi, carrying the wastewater from the industries.

The distribution of the heavy metals in the plants grown on the polluted
soils differed from plant to plant.

Most edible parts of the vegetables from study areas are polluted with the
heavy metals and pesticides, which include POPs like lindane, endosulfan
and aldrin.

Method of farming cannot screen the uptake of heavy metals by plants. If
the irrigation water or soil contains heavy metal content the organic farm
produce will have heavy metal contamination as seen in the results

Before starting organic farming, the soil and irrigation water should be
tested for pesticides. No one should be allowed to carryout farming with
pesticides in the near perimeter of the organic farm as the pesticides can be
transported by air.

It is very important to raise the education level of farmers so that they
judiciously use pesticides and understand the hazards of excessive usage of
pesticides on environment and humans.

The maximum permissible levels should be strictly followed and banned
pesticides should not be used.

Serious sensitization of the populace in the area Delhi- NCR is needed
about the health implications of consuming such vegetable. living in Delhi
that the vegetables grown locally have higher heavy metal and pesticides
content thus vegetables should be bought from Azadpur mandi which have
very low levels of pesticides and heavy metals.

Regular check should be kept on the industries to ensure they treat the
wastewater before discharging it in the water bodies.

More number of sampling in different seasons is required to confirm the
extent of contamination of the agricultural sites and vegetables.

10. References in APA format

Assessment of  pollution. Case studies/preview. 2007.
(http://www.cpcb.nic.in/Highlights/2007/57-90.pdf).

Chiroma T. M., Ebewele R. O and Hymore F.K 2014. Comparative
Assessement Of Heavy Metal Levels In Soil, Vegetables And Urban Grey
Waste Water Used For Irrigation In Yola And Kano. International
Refereed Journal of Engineering and Science, 3(2), pp1-9.

Chumbley, C. G., and Unwin, R. J. 1982. Cadmium and lead content of
vegetable crops grown on land with a history of sewage sludge




application. Environmental Pollution Series B, Chemical and Physical,
4(3), 231-237.

» CODEX, International Food Standard (http://www.fao.org/fao-who-
codexalimentarius/standards/pestres/functional-classes/en/).

» Cui, Y.J, Zhu, Y. G., Zhai, R. H., Chen, D. Y., Huang, Y. Z., Qiu, Y.,
and Liang, J. Z. 2004. Transfer of metals from soil to vegetables in an
area near a smelter in Nanning, China. Environment International, 30(6),
785-791.

» Food Safety and Standard Authority of India, Ministry of Health and
Welfare. 2011.

= Hellen L. E. and Othman O. C. 2016. Heavy Metal Levels in Soil,
Tomatoes and Selected Vegetables from Morogoro Region, Tanzania.
International Journal of Environmental Monitoring and Analysis, 4 (3),
pp 82-88.

» Joint FAO/WHO food standards programme, CODEX committee on
contaminants in foods. 2011.

» Listing of POPs in the Stockholm convention. Annexure A.
(http://chm.pops.int/TheConvention/ThePOPs/ListingofPOPs).

» Malik D, Singh S, Thakur J, Singh RK, Kaur A, and Nijhawan S. “Heavy
Metal Pollution of the Yamuna River: An Introspection”. International
Journal of Current Microbiology and Applied Science, 3(10), 2014, pp
856-863.

» Markovi¢ M., Cupaé S., Purovi¢ R. Milinovi¢ J. and Kljaji¢ P. 2010.
Assessment of Heavy Metal and Pesticide Levels in Soil and Plant
Products from Agricultural Area of Belgrade, Serbia. Arch Environ
Contam Toxico, 58(2), pp 341-351.

» Nigam A., Bamel K., Malik, D. and Nijhawan, S. 2016. Heavy metal
contamination in vegetables: Source of Nutrition or Health Hazard?

Journal of Basic and Applied Engineering Research, Vol 3(1),

» Pesticides. Children's Health and the Environment. WHO Training
Package for the Health Sector World Health Organization. July 2008.
(http://www.who.int/ceh/capacity/Pesticides.pdf)

» Sharma, V. K. and Kansal, B. D. 1986. “Heavy metal contamination of
soils and plants with sewage irrigation.” Pollution Research, 4, pp 86-91.

» Salgueiro, M., J. Zubillaga, M. Lysionek, A. Sarabia, M.I. Caro and R.
Paoli, 2000. Zink as an essential micronutrients: A review. Nutr. Res., 20,
pp 737-755.

» The Prevention of Food Adulteration Act & Rules, 1954. 2004.

11. Publication/s from the work. (attach copies)

Nigam A., Bamel K., Malik, D. and Nijhawan, S. 2016. Heavy metal contamination
in vegetables: Source of Nutrition or Health Hazard? Journal of Basic and Applied
Engineering Research, Vol 3(1)



Bamel K., Nigam A. and Nijhawan S. 2016. Toxic effects of heavy metals on male
reproductive health. Proceedings of National Seminar on Air and Water Quality in
Urban Ecosystem, ISBN 978-93-5267-493-0 (in press).

12. Conference Presentation/s (attach copies)

Oral presentation

Dr. Aeshna Nigam presented the paper ‘Heavy Metal Contamination in
Vegetables: Source of Nutrition or Health Hazard?’ was presented at an
International Health Conference held in Daulat Ram College, University of
Delhi from 15-16'" January, 2016 and was awarded the Best Oral Presenter
Award

Dr. Aeshna Nigam presented the paper on ‘Toxic Effect of Heavy Metals on
Reproductive Health of Women’ at Environmental Concerns of 215 Century:
Indian and Global Context’ organized by Zakir Hussain Delhi College
(Evening) on 21-22 March, 2016

Poster presentation

Kiran Bamel, Aeshna Nigam and Shashi Nijhawan® Heavy metal
contamination leading to lifestyle disorder’. Poster presented in National
Symposium on Lifestyle Disorders (NSLD): Understanding the Molecular
Mechanism held in Shivaji College, University of Delhi on 28" January
2016.

Kiran Bamel, Aeshna Nigam and Shashi Nijhawan'. Toxic effects of heavy
metals on male reproductive health. Poster presented in National Seminar on
Air and Water Quality in Urban Ecosystem organized by Eco Club of Shivaji
College, University of Delhi on 22" March, 2016.

Himanshu, Shashank, Dr Aeshna Nigam, Dr Kiran Bamel and Dr Shashi
Nijhawan 'Heavy Metal Toxicity in the Vegetables grown in Delhi and NCR
region'. Poster presented at Innovation Conclave, Rajatotsav celebrations
organized by Acharya Narendra Dev College University of Delhi from 25 -
26 October 2016.

Shalu Dagar, Priyanka Kumari, Kiran Bamel, Aeshna Nigam and Shashi
Nijhawan 'Vegetables Grown in Delhi and NCR region are intoxicated with
Pesticides'. Poster presented at Innovation Conclave, Rajatotsav celebrations
organized by Acharya Narendra Dev College University of Delhi from 25 -
26 October 2016.

13. Patent/s and Technology Transfer (attach copies)- nil



Amar Ujala

14. Media Coverage (attach copies)

e e ————

TR R, TG - TR g — .
R GRS RE R < . ) o

ST W T W )

AWM EEE T IWA y

{ .
ot & ot v S WA T
wbir o s g el
vﬁmﬁlimwwg P

i S T e S

wwEH!
FEitR ST e g B A e 99 ol o 0 3 e W
e "lnl: rd*ﬁ b s A wADT o

kbl oy AT el

o buidgtivbpad dhebabliahd ot vl S auiod bt L LR

T R R R

v b

R bt -_— ‘

Dainik Jagran

Punjab Kesari



15. Pictures related to the project.
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