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ABSTRACT:Vehicular exhaust and non-exhaust are major source of heavy metal. These released heavy metals can
easily accumulate on leafy vegetables growing near road side vegetable fields through anthropogenic sources. Heavy
metals toxicity occurs more readily in leafy vegetables. These leafy vegetables take up metals through leaves as well as
by absorbing them from contaminated soils. These heavy metals can easily deposit on the outside parts of leafy
vegetables and later on absorbed by tissues. Heavy metals produced by vehicular exhaust and non-exhaust emissions
can be easily deposited on road side growing leafy vegetables through anthropogenic sources. The contamination of
leafy vegetables grown in road side by heavy metals is greatly affected by vehicle volume, speed and road. Regular
intake of heavy metal contaminated leafy vegetables may pose a risk to the human health. This review concludes that
leafy vegetables grown near road side are exposed to higher level of heavy metal contamination through vehicular
exhaust and non-exhaust emissions.
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I. INTRODUCTION

Leafy Vegetables are important part of daily diets in many households, forming an important source of vitamins and
minerals required for human health. These not only strengthen the immune system of the body but also help in disease
prevention. They also act as neutralising agents for acidic substance formed during digestion. Green leafy vegetables
are valuable source of vitamin A and C, iron, calcium, folic acid, and dietary fibre. Heavy metal contamination of leafy
vegetables is a great public health concern. One of the factors that influence the uptake and bioaccumulation of trace
metals in vegetables is atmospheric deposition. Leafy Vegetables take up metals by absorbing them from contaminated
soils, as well as from deposits on different parts of the vegetables exposed to the air from polluted environments. Leafy
Vegetables plants that are exposed to atmospheric deposits from anthropogenic activities like vehicular emission,
industrial emission and burning of all forms of wastes dumped along road sides should be contaminated with trace
metals to a toxic level for consumer. Road traffic is one of the main sources of emission of heavy metals into the
environment. Road traffic involves numerous potential sources of metals through combustion products from fuel and
oil, wear products from tyres, brake linings, bearings and clutches, corrosion products of vehicle components and road
construction material. The released heavy metals through traffic will easily find their way in leafy vegetables through
anthropogenic activities by absorbing through their leafy tissues. Vehicle brakes release a significant amount of heavy
metals in the form of wear particles. One of the most dangerous elements contained in brake pads is copper [1]. Due to
traffic load the vegetables grown road side may contaminate with these copper emissions in the form of wear particles
from brake pads through anthropogenic source. Vegetables grown on road side fields are exposed to atmospheric
pollution in the form of metal containing aerosols through vehicular emissions. These metal containing aerosols may
lead high accumulation of heavy metals such as Pd, Cd, Ni, Cu and Zn in leafy vegetables due to atmospheric
depositions. The number of vehicles in operation increasing year by year and lengthening of trips have resulted in the
emissions of larger amount of metals originating from brake, tyre, and road wear. Zn is the most abundant heavy metal
from tire wear. Its high concentration resulted from the addition of ZnS to the tire during vulcanisation. The greatest Zn
emission from tire occurs through abrasion in the form of tire dust during acceleration, braking, and concerning.
Asphalt and sand paper like effects are significant sources of Ni in road dust. Concentration of Ni and Zn in road
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bitumen were higher than in raw bitumen therefore the heavy metal concentrations in road dust are significantly
affected by vehicle operation and road abrasion [2].

Heavy metals rank highest amongst the contamination in leafy vegetables. These leafy vegetables take up metals from
deposits on leaves which are easily exposed to air as well as by absorbing from contaminated soils [1]. Cultivated areas
near highways are also exposed to atmospheric pollution in the form of metal containing aerosols. These  metal
containing aerosols deposited on the leaves of vegetables and then absorbed. High accumulation of lead, Chromium
and Cadmium in leafy vegetables are due to atmospheric decomposition of substances of such metals. Intake of heavy
metal contaminated vegetables may pose a risk to the human health. The main objective of this research is to determine
heavy metal contamination from leafy vegetables collected from road side heavy traffic areas of Bhopal district,
Madhya Pradesh, India. As vehicular exhaust and non-exhaust heavy metal emissions occur more readily in leafy
vegetables through anthropogenic pathway. Regular monitoring of these vegetables is essential for preventing
excessive build-up of heavy metals in food chain.

Il. HEAVY METALS IN ROAD TRAFFIC

The major sources of non-exhaust vehicular emissions that leads to heavy matals in road dust are tire, brake and clutch
wear, road surface wear, and other vehicle and road component degradation. Selected metals Cd, Cr, Cu, Ni, Pb, Zn, Fe,
Se, Sr, Ba, Ti, and Pd were analysed using inductively coupled plasma-mass spectrometry, inductively coupled plasma
(ICP)-optical emission spectroscopy, and atomic absorption spectroscopy on a range of size-fractionated road dust and
brake lining dust (250 um). The compositions of brake lining and tire dust were also investigated using scanning
electron microscopy energy-dispersive spectroscopy [3]. The finest fractions of urban and motorway dusts were
significantly contaminated with all of the investigated metals, especially with Ti, Cu, and Cr, which are well-
recognized key tracers of non-exhaust brake wear. Diesel engines are a major source of nitrogen oxides and particulate,
which mainly consist of soot and metals. The composition varies depending on engine type, operating conditions, fuel
and lubricating oil composition and whether an emission control system is present. Recent studies have focused on the
composition and toxicity of diesel exhaust (DE) and diesel particulate matter [4]. Biodiesel for the present experimental
study has been made from rice-bran oil using the process of transesterification using methanol and basic catalyst
(KOH). Out of metals studied in this research (Cr, Ni, Pb, Cd, Na, Al, Mg and Fe) Cr, Ni, Pb, and Cd are toxic metals
having a limit of maximum allowable exposure. The acceptable ambient air concentration for Ni is 5 ng m™, Pb is 1000
ng m-3 and for Cd, it is 20 ng m™. Fe, Al, and Mg are generally present in soil in the form of crust metals but excess of
these metals in atmosphere is of concern [5].

1. METHODOLOGY

Tri-acid mixture, 15 ml (70% high purity HNO3, 65% HCIO4 and 70% H2SO4; 5:1:1) were added to the beaker
containing atmospheric deposits and heated at 80 C till the solution became transparent [14]. The resulting solution was
cooled and filtered through Whatman no. 42 filter paper. The filtered solution was finally maintained to 50 ml using
deionised water and kept at room temperature for further analysis of heavy metals. For the heavy metal analysis of dry
vegetable, 1 g sample was taken into a 100 ml acid washed beaker and 15 ml of tri-acid mixture was added [14]. After
cooling, the digested samples were filtered using Whatman no. 42 filter paper and the filtrate was diluted to 50 ml with
deionised water [15].

Heavy metal detection - Determination of the heavy metals (Pd, Cd, Ni, Cu and Zn) in the filtrate of vegetables and
atmospheric deposits was achieved by Atomic absorption spectrophotometer [16].

FAO/WHO permissible limit of heavy metals in leafy vegetables (mg/kg) [17].

Heavy metals FAO/WHO Permissible
limit in leafy vegetable (mg/Kg)
Pd 0.3 mg/Kg
Cd 0.2 mg/Kg
Ni 67 mg/Kg
Cu 100 mg/kg
Zn 73 mg/Kg
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IV.HEALTH RISK ASSESSMENT

The daily intake of metals was determined using the following equation[18] EDI (mg/kg bw/day) = C netar X C factor X D
foodintake! Bw-C metals C factors @nd Byrepresent the mean concentrationofeachmetalinvegetables(mg/kgdw),conversion factor,
daily vegetable intake (kg/person/day),andbody weight (bw, kg), respectively. In order to convert the fresh vegetable
weight into dry weight, theconversion factorof0.085wasused. Thetotalintakeofvegetables was obtained through a formal
survey, in which atotal of438healthyadults(199malesand239females)aged 18-54 years old were interviewed for their
age, body weight, and daily consumption rate of vegetables. The 97.5th percentile (P97.5) of the estimated daily intake
(EDI) levels was used to represent the high consumers [19]. To assess the health risk associated with heavy metal
contamination of vegetables grown locally, estimated exposure and risk index were calculated. The results showed that
both Cu and Cd contamination in vegetables had potential to pose health risk to the local population. Pb, however, may
only poser is k through consumption of B.oleracea.Znmaynot have any risk to the local population through
consumption of these vegetables [20].

V. DISCUSSION

The study revealed that washed and unwashed vegetables contaminated with Cr, Fe and Pb are above the WHO
permissible limit whereas level of Mn, Cu, Zn and Ni in washed and unwashed vegetables was within the permissible
limit of WHO. Vegetables take up metals by absorbing them from metal contaminated soils, as well as from deposits
on different parts of the vegetables exposed to the air from anthropogenic activities. These vegetables are in high
demand in local market and other areas within the locality because they are part of daily staple food. Continuous up
taking of these vegetables will lead to several health consequences [21].The results were high when compared with
those of the control samples obtained in IkotEkang village about 10 km away from the study area. Some of these results
were equally high compared with the WHO permissible limits for such trace metals in the bitter leaf. Hence,
anthropogenic activities along the roads in Abak significantly contributed to the elevated levels of trace metal in
atmospheric deposits and consequently in the leaves of roadsides Vernonia amygdalina. The elevated levels of Cu, Cd
and Pb in the vegetable leaves could inevitably result to health consequences [22]. The highest mean levels of Pb, Cu,
Zn, Co, Ni and Cd were detected in mango, melon, spinach, banana, mango, and mango fruits, respectively. The levels
of these metals found in this study are compared with those reported for similar fruits and vegetables from some other
parts of the world. The daily human intakes of Pb, Cu, Zn, Co, Ni, and Cd in a diet of fruits and vegetables in this
region have also been estimated. Study shows that the results reported here confirm that the fruit and vegetables
collected from chosen production and market sites in the Misurata area of Libya contained measured heavy metal
contents within the safe limits prescribed by the WHO i.n 1999. This is an important result as human health is directly
affected by ingestion of fruit and vegetables [23].This study aimed to determine Pb and Cd toxicity in vegetables in five
different agricultural sites in Pakistan. The Pb concentrations for leafy vegetables were higher than the fruiting and
pulpy vegetables. The Pb concentrations exceeded the WHO permissible limit for leafy vegetables. Likewise, all
vegetables except Pisum sativum contained high concentration of Cd with respect to WHO permissible limit in
vegetable [24].

VI. CONCLUSION

Leafy vegetables are important dietary source providing mineral nutrients. Due to heavy metal deposition in vegetables,
metal contents of leafy vegetables need not only to be determined but also estimated health risk for revealing possible
health effects on humans. Chinese cabbage was determined to be safe for the consumption of both genders. Based on
the carcinogenic risk assessment, most of the vegetables examined in this study were categorized as moderately toxic.
It was concluded from the given results that air borne pollution has increased the mineral contents of vegetables for
both genders. The results obtained from this study were compared with international standards and will concluded to
the data available on international scale [25]. Due to heavy metal deposition in vegetables, metal contents of leafy
vegetables need not only to be determined but also estimated health risk for revealing possible health effects on humans.
Chinese cabbage was determined to be safe for the consumption of both genders. Based on the carcinogenic risk
assessment, most of the vegetables examined in this study were categorized as moderately toxic. It was concluded from
the given results that air borne pollution has increased the mineral contents of vegetables for both genders. The results
obtained from this study were compared with international standards and will concluded to the data available on
international scale.[26]
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Many vegetable samples contained very high levels of the investigated metals: cadmium, lead, nickel, and chromium.
The content of the tested toxicity, cadmium, lead, nickel, and chromium in the selected vegetables changes
considerably as a function of plant species and plant edible organs, as well as in production sites. The obtained results
from this survey indicate that continuous up taking of locally grown vegetables potentially might be a health threat, due
to the cumulative toxic effects of specific metals in plants grown in specific areas [27]. The green leafy Vegetables
selected are Basella alba (spinach), Trigonella foenumgraecum (fenugreek) and Coriandrum sativum(dhania). These
vegetables were tested with the help of Absorption Spectroscopy for Pb, Cd, Cr, Ni and Zn. This study shows that
people and animals living in the urban area in Agra are s exposed to metallic pollution and in turn the consumption of
contaminated vegetables could lead to increased health hazards [28].

This review strongly demonstrates that Regular monitoring of heavy metal concentration in leafy vegetables is very
necessary to control heavy metal toxicity in human dietary system.

REFERENCES

1. Figliuzzi M, Tironi M, Longaretti L, Mancini L, Teoldi F, Sangalli F, Remuzzi A. Copper-dependent biological
efects of particulate matter produced by brake systems onlung alveolar cells9.(2020)Archives of
Toxicology.doi.org/10.1007/s00204-020-02812-4.

2. Gan, Y., Wang, L., Yang, G., Dai, J., Wang, R., & Wang, W. (2017). Multiple factors impact the contents of heavy
metals in vegetables in high nature background area of China. Chemosphere, 184, 1388 —1395.

3. Adamiec E, Krzeminska E & Wieszata R. Heavy metals from non-exhaust vehicle emissions in urban and
motorway road dusts. Environ Monit Assess (2016) 188: 369 DOI 10.1007/s10661-016-5377-1.

4. Sharma, M., Agarwal, A.K., Bharathi, K.V.L., 2005. Characterization of exhaust particulate from diesel engine.
Atmospheric Environment 39, 3023-3028.

5. Dwivedi D., 2005. A comparative study of particulate & emission characterization from diesel and biodiesel
exhausts. M.Tech. Thesis, submitted to Department of Civil Engineering, IIT Kanpur, India.

6. Rahmdel S, Rezaei M, Ekhlasi J, Zarei S, Akhlaghi M, Abdollahzadeh S. M., Mazloomi S. M.,Razieh S. (2015).
Heavy metals (Pb, Cd, Cu, Zn, Ni, Co) in leafy vegetables collected from production sites: their potential health
risk to the general population in Shiraz, Iran. Environ Monit Assess (2018) 190:650
https://doi.org/10.1007/s10661-018-7042-3.

7. Wong et al. (2019). Zn in vegetables: A review and some insights. Research gate doi: 10.15761/IFNM.1000245.

8. Elbagermi, M., Edwards, H., & Alajtal, A. (2012). Monitoring of heavy metal content in fruits and vegetables
collected from production and market sites in the Misurata area of Libya. ISRN Analytical chemistry, 2012, 1-5.

9. Nriagu J (2011) Zinc toxicity in humans. Encycl Environ Heal 2011: 801-807.

10. Feigl G, Lehotai N, Molnar A, Ordég A, Rodriguez-Ruiz M, et al. (2015) Zinc induces distinct changes in the
metabolism of reactive oxygen and nitrogen species (ROS and RNS) in the roots of two Brassica species with
different sensitivity to zinc stress. Ann Bot 116: 613-625

11. Bi C, Zhou Y, Chen Z, Jia J, Bao X (2018) Heavy metals and lead isotopes in soils, road dust and leafy vegetables
and health risks via vegetable consumption in the industrial areas of Shanghai, China. Sci Total Environ 619-620:
1349-1357.

12. Woldetsadik D, Drechsel P, Keraita B, Itanna F, Gebrekidan H (2017) Heavy metal accumulation and health risk
assessment in wastewater-irrigated urban vegetable farming sites of Addis Ababa, Ethiopia. Int J Food Contam 4:
9

13. Sharma, R. K., Agrawal, M., & Marshall, F. M. (2008). Heavy metal (Cu, Zn, Cd and Pb) contamination of
vegetables in urban India: A case study in Varanasi. Environmental Pollution, 154(2),254-263.

14. Allen, S.E., Grimshaw, H.M., Rowland, A.P., 1986. Chemical analysis. In: Moore, P.D., Chapman, S.B. (Eds.),
Methods in Plant Ecology. Blackwell Scientific Publication, Oxford, London, pp. 285e344.

15. Sharma R. K., Agrawal, M., & Marshall, F. M. (2008). Heavy metal (Cu, Zn, Cd and Pb) contamination of
vegetables in Environ Monit Assess (2018) 190:650 Page 9 of 10 650 urban India: A case study in Varanasi.
Environmental Pollution, 154(2), 254-263.

16. Kumar Suruchi, Appraisel of heavy metal concentration in selected vegetables exposed to different degrees of
pollution in Agra. Environ Monit Assess (2013) 185:2683-2690.DOI 10.1007/s10661-012-2739-1.

17. Rahmdel S, Rezaei M, Ekhlasi J, Zarei S, Akhlaghi M, Abdollahzadeh S. M., Mazloomi S. M.,Razieh S. (2015).
Heavy metals (Pb, Cd, Cu, Zn, Ni, Co) in leafy vegetables collected from production sites: their potential health
risk to the general population in Shiraz, Iran. Environ Monit Assess (2018) 190:650
https://doi.org/10.1007/s10661-018-7042-3.

IJIRSET © 2021 | An SO 9001:2008 Certified Journal | 379


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

-
ﬂ"\ !E%g | e-ISSN: 2319-8753, p-1SSN: 2320-6710] www.ijirset.com | Impact Factor: 7.512|
IJIRSET

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

|| Volume 10, Issue 1, January 2021 ||

DOI:10.15680/1JIRSET.2021.1001066

Khan, S., Rehman, S., Khan, A. Z., Khan, M. A., & Shah, M. T. (2010). Soil and vegetables enrichment with
heavy metals from geological sources in Gilgit, northern Pakistan. Ecotoxicology and Environmental Safety, 73(7),
1820-1827.

Huang, Z., Pan, X.-D., Wu, P.-G., Han, J.-L., & Chen, Q. (2014). Heavy metals in vegetables and the health risk to
population in Zhejiang, China. Food Control, 36(1), 248-252.

Awashthi, S.K., 2000. Prevention of Food Adulteration Act No. 37 of 1954. Central and State Rules as Amended
for 1999, third ed. Ashoka Law House, New Delhi.

Mohite RD, Basavaiah N, Singare PU, Reddy AVR, Singhal RK, Blaha U. Assessment of heavy metals
accumulation in washed and unwashed leafy vegetables sector-26 Vashi, Navi Mumbai, Maharashtra. J. Chem. Bio.
Phy. Sci. Sec. C,2016;6 (4):1130-1139.

Udosen E.D, Uwah E.l., Jonathan I.I. Levels of Trace Metals in Washed and Unwashed leaves of Roadsides
Vernonia amygdalina obtained in Abak, Akwalbom State, Nigeria. International journal of advances in phrmacy,
biology and chemistry. IJAPBC — Vol. 6(2), Apr — Jun, 2017.

Elbagermi, M., Edwards, H., & Alajtal, A. (2012). Monitoring of heavy metal content in fruits and vegetables
collected from production and market sites in the Misurata area of Libya. ISRN Analytical chemistry, 2012, 1-5.
Rahman Ur Zahir, Khan sardar, Brusseau Mark, Shah Tahir Mohammed. (2016). Lead and cadmium
contamination and exposure risk assessment via consumption of vegetables grown in agriculture soils of five
selected regions of Pakistan.doi: 10.1016/j.chemosphere.2016.11.152. Epub 2016 Dec 8.

Antisari livia, Orsini Francesco, Marchetti Livia, Vianello Gilmo.(2015). Heavy metal accumulation in vegetables
grown in urban gardens.Agron. sustain. Dev (2015) 35:1139-1147.

C Hasan, Ozyigit llker, C Merve, Ozyigit Asli Hocaoglu, Yalcin E Ibrahim. (2020). Environment-Based
Impairment in Mineral Nutrient Status and Heavy Metal Contents of Commonly Consumed Leafy Vegetables
Marketed in Kyrgyzstan: a Case Study for Health Risk Assessment Biological Trace Element Research.
doi.org/10.1007/s12011-020-02208-

Pajevic S, Arsenov D, Nikolic N, Borisev M, Dejan O, Zupunski M, Dukic M Neda.(2018). Heavy metal
accumulation in vegetable species and health risk assessment in Serbia. Environ Monit Assess (2018) 190:459.
doi.org/10.1007/s10661-018-6743.

Kumar Suruchi, Appraisel of heavy metal concentration in selected vegetables exposed to different degrees of
pollution in Agra. Environ Monit Assess (2013) 185:2683-2690 DOI 10.1007/s10661-012-2739-1.

IJIRSET © 2021 | An SO 9001:2008 Certified Journal | 380


http://www.ijirset.com/
https://doi.org/10.1007/s10661-018-6743

INTERNATIONAL

: STANDARD
v (@) srace B
SJIF Scientific Journal lmpact Factor ' \ NUMBER

INDMA

Impact Factor:
1.512

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

[ 9940 572 462 [@ 6381907 438 (3 ijirset@gmail.com |

www.ijirset.com



