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ABSTRACT

Heavy metals are important environmental pollutants and their accumulation in green edibles poses significant
impact on human health, when they cross admissible limits. The present study investigated the levels of five different
heavy metals (Cadmium, Chromium, Lead, Nickel and Zinc) in six commonly used leafy vegetables (Bladder dock,
Drumstick, Fenugreek, Kenaf, Mint and Spinach) collected in and around Pulivendula town of YSR Kadapa District,
Andhra Pradesh. The results revealed that the all the leafy vegetables are contaminated by accumulating heavy
metals and the concentrations of Cadmium and Lead has been crossed the safe limit and hence found hazardous to
human health in the study area.
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INTRODUCTION

Nutritious food is very important in well being dbimanity. Malnutrition is the major problem for ntuof the
humanity in developing world. Regular nutrient risiegetable’ food stuff is required to avoid nutriedeficient
syndromes. Vegetables take a vital role in theientrfood stuff as they are rich in carbohydratesteins,
vitamins, minerals and trace elements. Leafy greeaneng them occupy the major portion in balanced i16
g/day) as they are rich in minerals and vitaminjs Random cultivation or unscientific wild colleoti of leafy
vegetables in contaminated habitats is resultingdoumulation of heavy metals which poses a greager for
human health especially in developing countries.

Metal are ubiquitous in the environment and somehein are important in nutrition context, either foeir
essential nature or because of their toxicity. &gexposure to heavy metals like Cadmium (Cd) dL@b), Zink
(Zn) and Copper (Cu) may poses a risk to humartthéfaough regular vegetable usage [2]. Intakeezfly metal
contaminated food has serious impact on reducingesessential nutrients in the body causing intrangegrowth
retardation, impaired psycho-social behaviour, lWigees associated with malnutrition and a higreyalence of

upper gastrointestinal cancer [3]. Heavy metalsatesasily biodegradable and consequently carctenaulated in
human vital organs leading to unwanted side effe&5].

Heavy metal accumulation in vegetables may be tsecafideposition of the metals on aerial parts dijufed air,
or may be by up taking of water from the contangdagoil as per [6]. The main source of heavy mésatewage
water disposed in the soil which is not only ricfusce of organic matter and other nutrients bub alsh in the
elevate the level of heavy metals like Cu, Pb, 1@ &d [7]. Utilization of waste water for the iraiion takes major
part in the accumulation of heavy metals in agtigel soils and plants [8&9]. According to [10] gation with
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untreated sewage water significantly increasesattoeimulation of heavy metals in soil and cropsp afEreases
individual metal in soil by 2% to 80% and in crdps14% to 90% [11].

Among the heavy metals elevated levels of Cadmiaases diseases such as tubular growth, exceséivatioa,

cancer, gastrointestinal irritation, kidney damatjarrhoea and vomiting; exceeded levels of Leadaffect bones,
teeth, liver, pancreases, and also causes weakn#ss wrist and figure and blood diseases [12]coBhium is a
vital metal in all physiological processes in bathimals and human beings; Cr (lll) is an essemi@ment in
glucose, lipid and protein metabolism; Cr (VI) rebverse impact on living organisms due to its quiokl easy
penetrating capacity and have noxious effect ots asdusing various cancers [13], it causes kidnay kver

damage, stomach upset and ulcers, skin rashescanugr, respiratory problems, and weakens the imarsystems
[14]. Zinc is an essential element in regular diewsupplement as it is involved in cellular metaswl, catalytic
activity of enzymes, and also required in immunecfion, protein synthesis and wound healing. Supph of
Zinc reduces the incidence and duration of acutedmonic diarrhoea, acute lower respiratory trafgctions in

infants and children [15&16]. Uptake of Nickel beybthe permissible levels may cause adverse effectauman
being in two stages; the immediate symptoms of &elael vertigo, nausea, vomiting, insomnia, irritgband later
symptoms are tightness of the chest, non productivgh, dyspnoea, cyanosis, tachycardia, palpitatieertigo;
sweating and visual disturbances [17].

In the present study, the concentrations of heagtal® in selected cultivated leafy greens have lopemtified
which are widely used in Pulivendula area of YSRi#a district, Andhra Pradesh state, India. ligaificant to
note that Pulivendula area is located in the Bu#fene-ll of Tummalapalle Uranium mining area [18he
contamination levels were evaluated with respeth¢osafe limits of different heavy metals preseditby national
and international norms.

MATERIALSAND METHODS

Six leafy vegetables selected for the present stgyKenaf Klibiscus cannabinus L.), Bladder dock Rumex
vesicarius L.), Mint (Mentha spicata (L.) Hudson), Drumstick Nloringa oleifera Lam.), FenugreekTgigonella
foenum-graecum L.) and Spinach Spinacia oleracea L.). The fresh samples of these species were tetlec
randomly from local markets of Pulivendula town #oralysis. These leafy vegetables were prioriti@ethg the
higher consumption in the local area and are knpatentially nutrient (Table-1). The levels of Cadmi (Cd),
Chromium (Cr) and Lead (Pb) in different plant séespvere compared with the permissible levels renended
by [19] viz., Cd 0.3 mg/kg, Pb 0.2 mg/kg and Crraggkg; in case of Zinc the upper safe limits is rif/kg
[20&21]. Regarding Nickel, the prescribed safe timi3 to 7 mg/kg for humans as advocated by ATIER. Milli

Q water was used throughout the experimentation.

Tablel: Nutritional constituents present in the sampled leafy greens

S. No Name of sample Carbo-hydrates(g) Energy Moisture Protein (g) Fat Mineral Fibre Ca K Fe

(KcCa) (9 @ (@ (9 (mg)(mg)(mg)
01 KE 10 56 86 2 1 1 - 17240 1
02 BD 1.4 15 95.2 16 03 - 06 63 17 08
03 MN 6 48 85 5 12 2 20062 16
04 DS 12 92 76 7 2 2 1 44070 1
05 FG 6 49 86 4 1 1 1 39 51 2
06 SP 3 26 92 2 12 1 73 211

Source: Gopalan et al. (2004) [30].

All chemicals used were of analytical grade. Ak thlass ware and containers required for experatient were

first soaked in 10% Nitric acid (AR Grade) for féawurs and then washed with Milli Q water. Surfacataminants
of the leafy samples collected were removed by imgshith deionised water twice and then with desed double
distilled water. The leaves were air dried in aaolarying chamber and then at 80°C for overnighannoven

following [23]. The samples were powdered in agatatar and passed through -80 mesh sieve to gepfimvders
of the leafy greens. Sampling was done from thizdgey. The 0.5g of homogenized sample was weighgdan
clean 100 ml beaker and 5ml of Nitric acid was adaed heated on a hot plate at 800C until the isolueduced to
2.5 ml and then add 2.5 ml Nitric acid and heate@®Q@oC until it is reduced to 2.5 ml. Now 2ml of ditggen

peroxide is added drop by drop and heated at 80oti,it reduced to 2ml. This solution was filteradd makes up
with 100 ml Milli Q water. This was treated as &t@nd from this stock 5 ml of the solution was tak&d make up
to 100ml. Blank solutions were prepared using #maesprocedure described for the samples.
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Elemental analysis of both samgled blank solutions were determined usin Inductively Coupled Plasma Ma
Spectrometer (ICRAS) ELAN DRC I, Perki-Elmer Sciex Instrument [24ll the results were tabulated w the
help of Microsoft Excel software.

RESULTS

Results obtained in thegsent study are presented in T-2 and Fig.1-5. The resultevealed that Cd and Pb lev
of the sampled vegetables have crossed the sdfs according to WHO/FAO standar

Bladder dock has the heavy metal concentrationsiwdie as follows, C(2.773mg/kg), Pb (0.922 mg/kg) (Tal-
2; Fig.1&Fig.3), Chromium (1.898), Zinc (12.61) « Nickel at 1.734 mg/kg (Fig.2, Ff & Fig.4). Cd and Pb are
present beyond the safe limit aoither metals are pres: within the permissible limits.

Drumstick wasfound with Cr levels at 1.885 mg/kg (Fig.2), Ni a1 mg/kg (Fig.<£ and Zn at 10.029 mg/kg
(Fig.5) which are present below the upper safetéinwhereas C (0.708 mg/kg) and Pb (0.8 mg/kg) has crosse

safe limits (Table2, Fig.1& Fig.3) Fenugreekhas shown high concentrations of Cd and Pb andfevax] 1.53-

and 1.172 mg/kg (Tabl2: Fig.1 &Fig.3) concentrations which are above skendard limits. C Ni and Zn are
found within the safe limits (Fig.2, 4 and 5; Te-2).

Kenaf is contaminated byceumulating high concentration of heavy metals. concentrations of different mete
in Kenaf are as follows; Cadmium 1.124 mg/kg (Fif Chromium1.83 mg/kg (Fig.2), Nickel 1.734 mg/kg (Big
Lead 1.155 mg/kg (Fig.3) andinc 12.341 mg/kg (Fig.5) (Tie-2). The concentrations of Cadmium (Cd), Lt
(Pb) hasbeen crossed the safe limit (0.3, 0.2 mg/kg). Tdwcentration of Chromium, Nickel a Zinc are found
within the safe limits (Table-2).

Mint exhibited high accumulation of Cd and Pb abdlve safelimit and arequantified 1.788 and 0.942 mg/
respectively (Tabl&; Fig.1 & Fig.3). The remainir metals are accumulated below the safe limits; ©69,. Ni

1.69, Zn 12.072 mg /kg (Table-Big.2, 4&5) Spinach is contaminated due to accumulation ovy metals. The
concentration of Cr at 1.8&g/kg, Ni at 1.374 mg/kg and Zn at 14.524 mg/kg alicare below the safe lim

(Fig.2, 4 &5; Table2); whereas the Cadmium and Lead are determinegeahe safe limit (Table-2)

Fig.1 Cadmium concentration in the leafy vegetables

FIG-1

4841
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BD Ds FG KE MN SP

BD- Bladder Dock; DS-Drumstick; FG- Fenugreek KE- Kenaf; MN-Mint; SP-Spinach
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Fig.2 Chromium concentration in the leafy vegetables
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FIG-2
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BD- Bladder Dock; DS-Drumstick; FG- Fenugreek KE- Kenaf; MN-Mint; SP-Spinach

Fig.3 Lead concentration in the sampled leafy vegetables
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BD- Bladder Dock; DS-Drumstick; FG- Fenugreek KE- Kenaf; MN-Mint; SP-Spinach
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Fig.4 Nickel concentration in the sampled leafy vegetables
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BD- Bladder Dock; DS-Drumstick; FG- Fenugreek KE- Kenaf; MN-Mint; SP-Spinach
Fig.5 Zinc concentration in the leafy vegetables
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BD- Bladder Dock; DS-Drumstick; FG- Fenugreek KE- Kenaf; MN-Mint; SP-Spinach
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Table 2: Accumulation of heavy metalsin leafy vegetables

S. Scientific name Common & Famil Cadmium Chromium Nickel Lead Zink

No Vernacular name y mg/kg mg/kg mg/kg  mg/kg mg/kg

01 Hibiscus cannabinus L. Kenaf (Gongura) Malvaceae 1.124 1.83 1.7341.155 12.341

- Bladder dock
02 Rumex vesicarius L. (Chukkakura) Poloygonaceae 2.773 1.898 0.941 0.922 12.61
03  Menthaspicata(L.) Mint(Pudina) Lamiaceae 1.788 1.965 169 0942 107
Hudson

04 MoringaoleiferaLam. Drumstick (Munagaku) Moringaceae 0.708 1.885 1.21 0.867 10.029

o5  Trigonella foenum- Fenugreek Fabaceae 1.532 1.931 14321172 11.824
graecum L. (Menthikura)

06 Soinacia oleracea L. Spinach (Palakura) Chenopodiaceae 4.941 1.82 1.374 1.116 14.524

DISCUSSION

Results revealed heavy metal accumulation in allsgimpled leafy greens. In all the samples Cd anak® present
beyond the safe limits. Maximum concentration ofi€dound in Spinach with 4.941 mg/kg followed bia8der

dock with 2.773 mg/kg (Table-2), drumstick leaves hesser amount of Cd than the other leafy vetpstali is

found that the lowest concentration among all thaviy metals accumulated in all the leafy vegetabldbe study
was found with Cd. In Spinach, 4.62 mg/kg of Cd wasantified by [9] from Varanasi area. This resslalmost

same to the results obtained in the present stAdjual safe limit of this heavy metal is 0.3 mgéerording WHO/
FAO standards, but in all sampled leafy vegetattiesconcentration is found beyond the safe linfitcording to

[25] even low level of Cd is also toxic and may saunealth disorders. In all the samples of thegmtestudy has
exhibited higher concentrations Lead. Fenugreektma&ighest concentration with 1.172 mg/kg folloviy Kenaf

1.155 mg/kg and the least concentration was fonr@rumstick leaves with 0.867 mg/kg (Table-2; Fip.3

In the present study, Cr is found with higher ameun Mint (1.965 mg/kg) followed by Fenugreek (319mg/kg).
Spinach shows the lowest Cr accumulation with In8fkg (Table-2 & Fig.2). Nickel concentration isufal
maximum in Kenaf with 1.73 mg/kg followed by Mintittv 1.69 mg/kg and the minimum concentration indgler
dock with 0.941 mg/kg (Table-2 & Fig.4). Ni, in ange of 0.2- 3.0 mg g-1 in Palak (Spinach) fromteagater
irrigated areas of Hyderabad was reported by [Z&je prescribed safe limit of Ni is 3-7 mg/kg tontanity [22].
All the leafy vegetables of the present study eikhiNickel accumulation below the upper safe limit.

Pertaining to Zinc, the safe limit is 50mg/kg (PBfandard) according to [21]. In the present ingastbn it was
found that it is present in maximum concentratioant the other heavy metals in all sampled leafetages and is
under the safe limit. Spinach is found to have mameaccumulation (14.524 mg/kg) followed by Bladdierck
(12.61 mg/kg) and very low concentration in Drumistiwith (10.029 mg/kg) (Table-2 & Fig.5). Highest
concentration of Zn in all the vegetables irrigatéth waste water in Varanasi area was reportedd8jong all the
metals Zn is least toxic and has positive corretathan other inventoried heavy metals. Accordimd27&28]
about 20% of the world’s population could be ak 1§ Zn deficiency and the average daily intak&pf in case of
men, 15 mg/day and for women 12 mg/day [29]. Ingresent study the average concentration of Zeafylgreens
is 10-14.5 mg/kg and thus correlates with averatgke value of Zinc.

CONCLUSION

Present study revealed heavy metal accumulatiafl ihe sampled leafy greens used by the peopRubfendula

and it is found that all the samples have Cd anbd3lond the safe limits. It was observed that nfangors such as
inputs to the soil and water through over use dflifeers, pesticides and usage of sewage watergedisndustrial

effluents mixed waters used for irrigation are t@sg in high levels of heavy metal accumulationléafy greens.
As the study area is located in the buffer zong-Tummalapalle Uranium Mining area; the risk o€amulation of

heavy metals in the leafy vegetables may reachekiglevels due to contamination with the industrielste

generated from the mining activities in future.
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