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Abstract 
The effect of anthropogenic activity relating to industrial and economic de-
velopment has had a detrimental impact on the environment and human 
health, and hence the need for continued research. Five common African 
vegetables—Murraya koenigii, Ocimum gratissimum, Amaranthus hybridus, 
Capsicum annuum and Moringa oleifera were used to study absorption of 
Lead, Cadmium, Cobalt and Zinc from soils inoculated with metal ions. 0.1 
M and 0.5 M solutions of the metal ions were used in the inoculation. Each of 
the plants was collected in the first instance at 8 weeks, and then at 10 weeks 
of inoculating. Atomic Absorption spectrophotometer was used to determine 
the metal ions concentrations absorbed in the plants. Cd2+ was most and Mo-
ringa oleifera the least absorbed of the four metal ions, with a highest value of 
34.801 ± 0.805 mg/kg occurring in Capsicum annuum. Co2+ was the least ab-
sorbed of the four metal ions, Amaranthus hybridus showed highest absorp-
tion of Co2+ with mean absorption values of 5.566 ± 0.324 mg/kg and 5.670 ± 
0.210 mg/kg for 0.1 M and 0.5 M solution of Co2+ respectively. Ocimum gra-
tissimum absorbed Pb2+ most with the highest mean absorption of 5.290 ± 
0.180 mg/kg and 6.354 ± 0.366 mg/kg for 0.1 M and 0.5 M respectively. Ab-
sorption increased as the concentration of the inoculant solution increased 
for all the plants, and decreased on moving from 8 weeks’ to 10 weeks’ for all 
the plants except Moringa oleifera. This could as a result of Phytovolatiliza-
tion against the report of Padmavathiamma and Li, 2007 [1] that phytovolati-
lization occurs in As, Hg and Se. Ocimum gratissimum showed highest ab-
sorption with the mean value of 9.334 ± 0.312 mg/kg, when the inoculants 
concentration increased to 0.5 M, Capsicum annuum showed highest absorp-
tion with mean absorption value of 9.916 ± 0.614 mg/kg at 10th week. Also 
absorption increased as the concentration of the inoculant solution increased, 
and also on moving from 8 weeks’ to 10 weeks’ for all the plants. From the 
results obtained, all the vegetables absorbed significant amounts of the metal 
ions. This raises a lot of health concern about the vegetables consumed in 

How to cite this paper: Anarado, C.E., 
Anarado, C.J.O., Okeke, M.O., Ezeh, C.E., 
Umedum, N.L. and Okafor, P.C. (2019) 
Leafy Vegetables as Potential Pathways to 
Heavy Metal Hazards. Journal of Agricultural 
Chemistry and Environment, 8, 23-32. 
https://doi.org/10.4236/jacen.2019.81003 
 
Received: November 5, 2018 
Accepted: January 30, 2019 
Published: February 2, 2019 
 
Copyright © 2019 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

http://www.scirp.org/journal/jacen
https://doi.org/10.4236/jacen.2019.81003
http://www.scirp.org
https://doi.org/10.4236/jacen.2019.81003
http://creativecommons.org/licenses/by/4.0/


C. E. Anarado et al. 
 

 

DOI: 10.4236/jacen.2019.81003 24 Journal of Agricultural Chemistry and Environment 
 

most developing countries like Nigeria where vegetables are grown anywhere, 
without any consideration of the environment. 
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1. Introduction 

During most of its time on Earth, humankind made little impact on the planet, 
and its small, widely scattered anthrospheric artifacts—simple huts or tents for 
dwellings, narrow trails worn across the land for movement, clearings in forests 
to grow some food—rested lightly on the land with virtually no impact. Howev-
er, with increasing effect as the industrial revolution developed, and especially 
during the last century, humans have built structures and modified the other en-
vironmental spheres, especially the geosphere, such that it is necessary to con-
sider the anthrosphere as a separate area with pronounced, sometimes over-
whelming influence on the environment as a whole [2]. One of the greatest 
problems that the world is facing today is that of environmental pollution, in-
creasing with every passing year and causing grave and irreparable damage to 
the earth [3]. The decontamination of soil and water polluted with anthropo-
genic chemical is a global problem that has consumed considerable economic 
resources [4] [5] [6]. Over the past two decades, pollution prevention and 
clean-up of contaminated soils have become a worldwide environmental priority 
[7]. Due to their immutable nature, metals are a group of pollutants of much 
concern. As a result of human activities such as mining and smelting of metalli-
ferous ores, electroplating, gas exhaust, energy and fuel production, fertilizer and 
pesticide application, etc., metal pollution has become one of the most serious 
environmental problems today [8]. Soil, whether in urban or agricultural areas 
represents a major sink for metals released into the environment from a variety 
of anthropogenic activities [9]. Unlike organic compounds, metals cannot be 
degraded by microorganisms and its clean-up requires theirs removal from the 
site. There are 35 metals that are of concern because of residential or occupa-
tional exposure, out of which 23 are heavy metals: antimony, arsenic, bismuth, 
cadmium, cerium, chromium, cobalt, copper, gallium, gold, iron, lead, manga-
nese, mercury, nickel, platinum, silver, tellurium, thallium, tin, uranium, vana-
dium, and zinc [10]. Lead and Cadmium are very toxic to humans. They are only 
tolerated at extremely low concentrations and excesses are associated with many 
adverse health effects [11]. The ability of plants to accumulate essential metals 
equally enables them to acquire other nonessential metals. Heavy metals uptake 
by plants and successive accumulation in human tissues and biomagnifications 
through the food chain causes both human health and environment concerns. 
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[12]. Uptake of heavy metals by plants and subsequent accumulation along the 
food chain is a potential threat to human health. Various researchers have found 
that heavy metals are easily accumulated in various vegetables and fruits through 
contaminated soil [13] [14] [15] [16] [17]. The consumption of heavy metal 
contaminated food can seriously deplete some essential nutrients in the body 
that are further responsible for decreasing immunological defenses, intrauterine 
growth retardation, disabilities associated with malnutrition and high prevalence 
of upper gastrointestinal cancer rates [18]. 

Lead (Pb) is physiological and neurological toxic to humans. Acute Pb poi-
soning may results in a dysfunction in the kidney, reproduction system, liver 
and brain resulting in sickness and death [19]. Cadmium occurs in the environ-
ment naturally and as a pollutant emanating from industrial and agricultural 
sources. Food is the main source of cadmium intake in the non-smoking popu-
lation, Cadmium causes kidney tubular damage and bone damage [20]. Zinc 
compounds affect the gastrointestinal system [21]. The use of plants for remedi-
ation of soils and waters polluted with heavy metals, has gained acceptance in 
the past two decades as a cost effective and noninvasive method [22]. Phytore-
mediation is defined as efficient use of naturally occurring or genetically engi-
neered plants to remove, detoxify or immobilize environmental contaminants in 
a growth matrix (soil, water or sediments) [23]. Leafy vegetables are fresh, edible 
portion of plant that are either eaten raw or in cooked form [24]. They contain 
both essential and toxic elements over a wide range of concentrations [25]. In 
Nigeria, Amaranthus hybridus leaves combined with condiments are used to 
prepare soup [26]. Moringa oleifera is considered one of the world’s most useful 
trees, as almost every part of the tree can be put to some beneficial uses. Various 
parts of the plant act as cardiac and circulatory stimulants, posses antitumor, an-
tiepileptic, anti-inflamatory, antiulcer, cholesterol lowering, antidiabetic, anti-
bacterial and antifungal properties [27]. Murraya koenigii is a culinary impor-
tant plant of Indian origin, and also been a component of many formulations 
used in the Ayurvedic system of medicine since many centuries. A scrutiny of li-
terature reveals some notable pharmacological activities of the plant. Carbazole 
alkaloids which are abundantly present in the leaves, fruits, roots and bark of 
this plant, have been reported for their antidiabetic, anticancer, antibacterial, an-
ti-nociceptive and antioxidant activities. Besides these activities, the plant is de-
scribed to have a wide array of therapeutic activities [28]. Ocimum gratissimum 
is extensively used throughout West Africa as febrifuge, anti malaria and anti 
convulsant [27]. Ocimum gratissimum is also used in the management of baby’s 
cord and in the treatment of fungal infections, fever and cold [29]. Capsicum 
annuum is considered the second most vegetable in the world after tomato and 
mainly used as spices in various cuisines [30]. Capsicum annuum contains a 
range of essential nutrients and bioactive compounds which are known to exhi-
bit a range of bioactivities including free radical scavenging (antioxidant), anti-
microbial, antiviral, anti inflammatory and anticancer [31]. 
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In developing countries like Nigeria, vegetables are planted anywhere pro-
vided they survive and flourish well in that particular environment. The envi-
ronment where these vegetables are planted is not considered a problem for the 
local communities. Unfortunately, some of these environments are polluted by 
heavy metals from industrial effluents discharged from various processing in-
dustries, mining, municipal wastes, pesticides etc. the vegetables planted in this 
type of environment are harvested and sold out to the public for consumption. 
Murraya koenigii, Ocimum gratissimum, Amaranthus hybridus, Capsicum an-
nuum and Moringa oleifera are some of common vegetables grown and con-
sumed as food and medicine in Nigeria. 

Lead, Cadmium, Zinc and Cobalt have been used in this work to study the 
ability of five edible African plants—Murraya koenigii, Ocimum gratissimum, 
Amaranthus hybridus, Capsicum annuum and Moringa oleifera—to phytore-
mediate soils polluted with the metal ions in their +2 oxidation states. 

2. Methods 

Thirty three seedlings each of the five plants—Murraya koenigii, Ocimum gra-
tissimum, Amaranthus hybridus, Capsicum annuum and Moringa oleifera were 
grown on soils isolated in polyethylene pots. 0.1 M solutions of Co(NO3)2·6H2O, 
Zn(NO3)2·6H2O, Cd(NO3)2·4H2O and Pb(NO3)2 were prepared dissolving 29.103 
g, 29.748 g, 30.848 g and 33.121 g respectively in 0.7 dm3 of distilled water and 
each made up to 1 dm3 mark with distilled water. 0.5 M solutions of 
Co(NO3)2·6H2O, Zn(NO3)2·6H2O, Cd(NO3)2·4H2O and Pb(NO3)2 were prepared 
dissolving 145.516 g, 148.74 g, 154.24 g and 165.605 g respectively in 0.7 dm3 of 
distilled water and each made up to 1 dm3 mark with distilled water. Thirty two 
pots each of the plants were planted in soil inoculated with 20 cm3 each of 0.1 M 
and 0.5 M concentrations of solutions of Pb2+, Cd2+, Co2+ and Zn2+, while con-
trols were left. The plants were harvested after the eighth and tenth week of in-
oculation. The harvested plants were washed, dried, and ashed at 450˚C. After 
digesting with concentrated HNO3, Varian AA240 spectrophotometer was used 
to determine the metal ions concentrations absorbed in the plants. The deter-
mination of metal ion concentrations absorbed was done in duplicates. 

3. Results 
Table 1. Concentration of Lead absorbed by the plants in 0.1 M solution in mg/kg. 

Plant 1ST HARVEST 2ND HARVEST 

MK 3.295 ± 0.280 2.155 ± 0.365 

OG 5.290 ± 0.180 1.590 ± 0.010 

AH 4.571 ± 0.531 1.253 ± 0.147 

CA 4.228 ± 0.239 1.458 ± 0.172 

MO 0.140 ± 0.048 0.763 ± 0.132 
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Table 2. Concentration of Lead absorbed by the plants in 0.5 M solution in mg/kg. 

Plant 1ST HARVEST 2ND HARVEST 

MK 3.964 ± 0.304 3.959 ± 0.001 

OG 6.354 ± 0.366 1.870 ± 0.528 

AH 4.640 ± 0.200 3.134 ± 0.114 

CA 3.877 ± 0.123 3.367 ± 0.322 

MO 0.680 ± 0.054 0.812 ± 0.172 

 
Table 3. Concentration of Cadmium absorbed by the plants in 0.1 M solution in mg/kg. 

Plant 1ST HARVEST 2ND HARVEST 

MK 1.342 ± 0.375 3.165 ± 0.066 

OG 4.125 ± 0.029 3.806 ± 0.436 

AH 6.533 ± 0.129 2.243 ± 0.038 

CA 10.869 ± 0.031 13.405 ± 0.245 

MO 0.023 ± 0.008 0.286 ± 0.005 

 
Table 4. Concentration of Cadmium absorbed by the plants in 0.5 M solution in mg/kg. 

Plant 1ST HARVEST 2ND HARVEST 

MK 1.681 ± 0.012 4.097 ± 0.029 

OG 4.200 ± 0.091 0.790 ± 0.031 

AH 6.432 ± 0.218 19.007 ± 0.344 

CA 9.741 ± 0.321 34.801 ± 0.805 

MO 0.819 ± 0.007 0.873 ± 0.006 

 
Table 5. Concentration of Cobalt absorbed by the plants in 0.1 M solution in mg/kg. 

Plant 1ST HARVEST 2ND HARVEST 

MK 0.143 ± 0.037 1.382 ± 0.268 

OG 0.073 ± 0.019 0.161 ± 0.035 

AH 1.640 ± 0.210 5.566 ± 0.324 

CA 1.877 ± 0.227 2.843 ± 0.097 

MO 0.090 ± 0.580 0.120 ± 0.013 

 
Table 6. Concentration of Cobalt absorbed by the plants in 0.5 M solution in mg/kg. 

Plant 1ST HARVEST 2ND HARVEST 

MK 0.475 ± 0.550 2.598 ± 0.228 

OG 3.392 ± 0.098 1.583 ± 0.990 

AH 1.561 ± 0.291 5.670 ± 0.210 

CA 1.770 ± 0.050 2.912 ± 0.018 

MO 0.340 ± 0.086 0.631 ± 0.131 
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Table 7. Concentration of Zinc absorbed by the plants in 0.1 M solution in mg/kg. 

Plant 1ST HARVEST 2ND HARVEST 

MK 1.220 ± 0.166 2.124 ± 0.022 

OG 4.086 ± 0.086 9.334 ± 0.312 

AH 2.415 ± 0.455 3.451 ± 0.109 

CA 1.578 ± 0.202 3.932 ± 0.008 

MO 0.344 ± 0.026 0.960 ± 0.200 

 
Table 8. Concentration of Zinc absorbed by the plants in 0.5 M solution in mg/kg. 

Plant 1ST HARVEST 2ND HARVEST 

MK 2.025 ± 0.025 8.978 ± 0.010 

OG 4.120 ± 0.088 9.520 ± 0.180 

AH 2.312 ± 0.325 9.000 ± 0.468 

CA 3.021 ± 0.011 9.916 ± 0.614 

MO 0.167 ± 0.005 1.373 ± 0.351 

4. Discussions 

The result of the analysis showed that the absorption of the metal ions generally 
followed the trend; Capsicum annuum > Amaranthus hybridus > Ocimum gra-
tissimum > Murraya koenigii > Moringa oleifera. On inoculation of the plants 
with 0.1 M and 0.5 M Pb2+ (Table 1 and Table 2), Ocimum gratissimum showed 
highest mean absorption (5.290 ± 0.180 mg/kg and 6.354 ± 0.366 mg/kg respec-
tively, which are above the FAO/WHO, 2011 and EU Pb limit for leafy vegeta-
bles, 2006-0.3 mg/kg) [32] at 10th week, Moringa oleifera absorbed least amount 
of Pb2+ [0.140 ± 0.048 mg/kg (which is below EU commission regulation, 2006) 
and 0.763 ± 0.132 mg/kg (above EU commission regulation, 2006)] [33] at the 
8th week. Absorption increased as the concentration of the inoculant solution in-
creased, and also on moving from 8 weeks’ to 10 weeks’ for all the plants. On 
inoculation of the plants with 0.1 M and 0.5 M solution of Cd2+ (Table 3 and 
Table 4), Capsicum annuum showed highest absorption of the metal ion with 
mean absorption values of 13.405 ± 0.245 mg/kg and 34.801 ± 0.805 mg/kg re-
spectively at 10th week. Moringa oleifera also showed least absorption of the 
metal ion at both concentrations. Absorption increased as the concentration of 
the inoculant solution increased, and also on moving from 8 weeks’ to 10 weeks’ 
for Capsicum annuum, Murraya koenigii, Moringa oleifera while absorption de-
creased moving from 8 weeks’ to 10 weeks for Amaranthus hybridus and Oci-
mum gratissimum. All the plants absorbed Cd2+ above the FAO/WHO, 2011 and 
EU Cd Maximum limit of 0.2 mg/kg, 2006 [32] [33] except Moringa oleifera 
when inoculated with 0.1 M during the first harvest. Amaranthus hybridus 
showed highest absorption of Co2+ with mean absorption values of 5.566 ± 0.324 
mg/kg and 5.670 ± 0.210 mg/kg for 0.1 M and 0.5 M solution of Co2+ respective-
ly (Table 5 and Table 6). Moringa oleifera still absorbed least metal ion. Ab-
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sorption increased as the concentration of the inoculant solution increased, and 
also on moving from 8 weeks’ to 10 weeks’ for all the plants. On inoculation of 
the plants with 0.1 M solution of Zn2+ (Table 7), Ocimum gratissimum showed 
highest absorption with the mean value of 9.334 ± 0.312 mg/kg, when the inocu-
lants concentration was increased to 0.5 M (Table 8), Capsicum annuum 
showed highest absorption with mean absorption value of 9.916 ± 0.614 mg/kg 
at 10th week. Also absorption increased as the concentration of the inoculant so-
lution increased, and also on moving from 8 weeks’ to 10 weeks’ for all the 
plants. All the plants absorbed Zn2+ below the FAO/WHO limit 2011-20 mg/kg 
[32]. Co2+ was the least absorbed while Cd2+ was most absorbed, and they fol-
lowed the trend; Cd2+ > Zn2+ > Pb2+ > Co2+. From the results, Moringa oleifera 
showed least absorption of all the metal ions. The results indicated that all the 
absorbed significant amounts of the four metal ions. Some researchers have re-
ported the presence of Pb, and Cd, in vegetables grown in polluted soil, waste 
dumpsite and waste water in concentrations above the permissible level [17] [18] 
[34] [35] [36]. This shows that people in most developing countries might be at 
the risk of these heavy metals poisoning, considering that these leafy vegetables 
sometimes are grown near refuse dumps, waste water, industries etc. 

5. Conclusion 

Industrialization is considered vital to the nation’s socio-economic development as 
well as its standing in the international community. Ideally, the sitting of indus-
tries should achieve a balance between socio-economic and environment consid-
erations [36]. The plants, Murraya koenigii, Ocimum gratissimum, Capsicum an-
nuum, Amaranthus hybridus and Moringa oleifera absorbed all the metal 
ions—Pb2+, Cd2+, above the standard based on EU commission regulation 2006, 
except Moringa oleifera which absorbed below the limit when inoculated with 0.1 
M solutions of Pb2+ and Cd2+. Since these metal ions are bioaccumulating, it can be 
safely concluded that the consumption of these leafy vegetables grown in soils 
polluted with Pb2+, Cd2+ is a potential source of health hazard due to the metals. 

Conflicts of Interest 

On behalf of all authors, the corresponding author states that there is no conflict 
of interest. 

References 
[1] Padmavathiamma, K.P. and Li, Y.L. (2007) Phytoremediation Technology: Hyper-

accumulation Metals in Plant. Water Air Soil Pollution, 184, 105-126.  
https://doi.org/10.1007/s11270-007-9401-5 

[2] Manahan, S.E. (2000) Environmental Chemistry. 7th Edition, Lewis Publishers, 
New York, 41. 

[3] Meagher, R.B. (2000) Phytoremediation of Toxic Elemental and Organic Pollutants. 
Current Opinion in Plan Biology, 3, 153-162.  
https://doi.org/10.1016/S1369-5266(99)00054-0 

https://doi.org/10.4236/jacen.2019.81003
https://doi.org/10.1007/s11270-007-9401-5
https://doi.org/10.1016/S1369-5266(99)00054-0


C. E. Anarado et al. 
 

 

DOI: 10.4236/jacen.2019.81003 30 Journal of Agricultural Chemistry and Environment 
 

[4] Chambers, C.D., Willis, J., Giti-Pour, S., Zieleniewski, J.L., Rickabough, J.F., Mecca, 
M.I., Pasin, B., Sims, R.C., Sorensen, D.L., Sims, J.L., McLeam, J.E., Mahmood, R.R. 
and Wagner, K. (1991) In Situ Treatment of Hazardous Waste-Contaminated Soils. 
2nd Edition, Noyes Data Corporation, Park Ridge, New York. 

[5] Watts, R.J. (1997) Hazardous Wastes: Sources, Pathways and Receptors. John Wi-
ley, New York. 

[6] Baker, A.J.M., McGrath, S.P., Sidoli, C.M.D. and Reeves, R.D. (1994) The Possibility 
of in Situ Heavy Metal Decontamination of Polluted Soils Using Crops of Met-
al-Accumulating Plants. Elsevier, 11, 41-49. 

[7] Karthikeyan, R. and Kulakow, P.A. (2002) Soil Plant Interactions in Phytoremedia-
tion, Advances in Biochemical Engineering/Biotechnology. Springer-Verlag, Berlin, 
Heidelberg, New York, 53. 

[8] Alkorta, I., Hernández-Allica, J., Becerril, J.M., Amezaga, I., Albizu, I. and Garbisu, 
C. (2004) Recent Findings on the Phytoremediation of Soils Contaminated with En-
vironmentally Toxic Heavy Metals and Metalloids such as Zinc, Cadmium, Lead, 
and Arsenic. Journal of Environmental Science and Biotechnology, 3, 71-90.  
https://doi.org/10.1023/B:RESB.0000040059.70899.3d 

[9] Aremu, M.O., Atolaiye, B.O. and Labaran, L. (2010) Environmental Implication of 
Metal Concentrations in Soil, Plant Foods and Pond in Area around the Derelict 
Udege Mines of Nasarawa State, Nigeria. Bulletin of the Chemical Society of Ethi-
opia, 24, 351-360. https://doi.org/10.4314/bcse.v24i3.60666 

[10] Mosby, C.V., Glanze, W.D. and Anderson, K.N. (1996) Mosby Medical Encyclope-
dia. Revised Edition, The Signet, McLean. 

[11] Seyed, V.-H., Soheil, S., Hamed, K.M., Mohammad, H. and Joe, M.-R. (2015) De-
termination of Toxic (Pb, Cd) and Essential (Zn, Mn) Metals in Canned Tuna Fish 
Produced in Iran. Journal of Environmental Health Science and Engineering, 13, 59. 

[12] Singh, J. and Kalamdhad, A.S. (2011) Effects of Heavy Metals on Soil, Plants, Hu-
man Health and Aquatic Life. International Journal of Research in Chemistry and 
Environment, 1, 15-21.  

[13] Atafar, Z., Mesdaghinia, A., Nouri, J., Homaee, M., Yunesian, M., Ahmadimoghad-
dam, M. and Mahvi, A.H. (2010) Effect of Fertilizer Application on Soil Heavy Met-
al Con-Centration. Environmental Monitoring and Assessment, 160, 83-89.  
https://doi.org/10.1007/s10661-008-0659-x 

[14] Sun, L., Chang, W., Bao, C. and Zhuang, Y. (2017) Metal Contents, Bioaccumula-
tion, and Health Risk Assessment in Wild Edible Boletaceae Mushrooms. Journal of 
Food Science, 82, 1500-1508. https://doi.org/10.1111/1750-3841.13698 

[15] Wang, G., Su, M.Y., Chen, Y.H., Lin, F.F., Luo, D. and Gao, S.F. (2006) Transfer 
Characteristics of Cadmium and Lead from Soil to the Edible Parts of Six Vegetable 
Species in Southeastern China. Environmental Pollution, 144, 127-135.  
https://doi.org/10.1016/j.envpol.2005.12.023 

[16] Xiong, C.H., Zhang, Y.Y., Xu, X.G., Lu, Y.G., Ou, Y.B., Ye, Z.B. and Li, H.X. (2013) 
Lotus Roots Accumulate Heavy Metals Independently from Soil in Main Production 
Regions of China. Scientia Horticulturae, 164, 295-302.  
https://doi.org/10.1016/j.scienta.2013.09.013 

[17] Hamid, A., Mushtaq, A., Nazir, R. and Asghar, S. (2017) Heavy Metals in Soil and 
Vegetables Grown with Municipal Wastewater in Lahore. Bangladesh Journal of 
Scientific and Industrial Research, 52, 331-336.  
https://doi.org/10.3329/bjsir.v52i4.34821 

[18] Khan, S., Cao, Q., Zheng, Y.M., Huang, Y.Z. and Zhu, Y.G. (2008) Health Risks of 

https://doi.org/10.4236/jacen.2019.81003
https://doi.org/10.1023/B:RESB.0000040059.70899.3d
https://doi.org/10.4314/bcse.v24i3.60666
https://doi.org/10.1007/s10661-008-0659-x
https://doi.org/10.1111/1750-3841.13698
https://doi.org/10.1016/j.envpol.2005.12.023
https://doi.org/10.1016/j.scienta.2013.09.013
https://doi.org/10.3329/bjsir.v52i4.34821


C. E. Anarado et al. 
 

 

DOI: 10.4236/jacen.2019.81003 31 Journal of Agricultural Chemistry and Environment 
 

Heavy Metals in Contaminated Soils and Food Crops Irrigated with Wastewater in 
Beijing, China. Environmental Pollution, 152, 686-692.  
https://doi.org/10.1016/j.envpol.2007.06.056 

[19] Odum, H.T. (2000) Back Ground of Published Studies on Lead and Wetland. In: 
Odum, H.T., Ed., Heavy Metals in the Environment Using Wetlands for Their Re-
moval, Lewis Publishers, New York, 32.  

[20] Järup, L. and Åkesson, A. (2009) Current Status of Cadmium as an Environmental 
Health Problem. Journal of Toxicology and Applied Pharmacology, 238, 201-208.  
https://doi.org/10.1016/j.taap.2009.04.020 

[21] Plum, L.M., Rink, L. and Haase, H. (2010) The Essential Toxin: Impact of Zinc on 
Human Health. International Journal Environmental Research and Public Health, 
7, 1342-1365. https://doi.org/10.3390/ijerph7041342 

[22] Amin, M., Hamidi, A.A., Mohammad, A.Z., Shuokr, Q.A., Razip, M. and Selamat, 
B. (2013) Phytoremediation of Heavy Metals from Urban Waste Leachate by 
Southern Cattail (Typha domingensis). International Journal of Scientific Research 
in Environmental Sciences, 1, 63-70.  

[23] Jadia, D.C. and Fulchar, H.M. (2008) Phytoremediation: The Application of Ver-
micompost to Remove Zinc, Cadmium, Copper, Nickel and Lead by Sunflower 
Plant. Environmental Engineering and Management Journal, 7, 547-558.  
https://doi.org/10.30638/eemj.2008.078 

[24] Dhellot, J.R., Matouba, E., Maloumbi, M.G., Nzikou, J.M., Safou-Ngoma, D.G., Lind-
er, M., Desobry, S. and Parmentier, M. (2006) Extraction, Chemical Composition and 
Nutritional Characterization of Vegetable Oil-Case of Amaranthus hybridus (var. 1 & 
2) of Congo Brazzaville. African Journal of Biotechnology, 5, 1095-1101. 

[25] Temitope, O.O., Oredolapo, E.S. and Peace, B.E. (2018) Ethnobotanical Survey and 
Genetic Conservation of Underutilized Leafy Vegetables in Lagos, Nigeria. Interna-
tional Journal of Biological and Chemical Sciences, 12, 689-802.  
https://doi.org/10.4314/ijbcs.v12i2.7 

[26] Akubugwo, I.E., Obasi, N.L., Chinyere, G.C. and Ugbogu, A.E. (2007) Nutritional 
and Chemical Value of Amaranthus hybridus L. Leaves from Afikpo, Nigeria. Afri-
can Journal of Biotechnology, 6, 2833-2839.  
https://doi.org/10.5897/AJB2007.000-2452 

[27] Arowosegbe, S., Oyeyemi, S.D. and Alo, O. (2015) Investigation of the Medicinal 
and Nutritional Potentials of Some Vegetables Consumed in Ekiti State, Nigeria. 
International Research Journal of Natural Science, 3, 16-30. 

[28] Prasan, R.B. (2012) Curry Leaf (Murraya koenigii) or Cure Leaf: Review of Its Cura-
tive Properties. Journal of Medical Nutrition and Nutraceuticals, 1, 92-97. 

[29] Iwu, M.M. (1993) Handbook of African Medicinal Plants. URP Press, Bocarolon, 
229. 

[30] Aluko, M. (2016) Moringa oleifera Leaf Extract on the Growth and Yield of Pepper 
(Capsicum annuum). ARPN Journal of Agricultural and Biological Science, 11, 107. 

[31] Faehan, A.K., Tariq, M., Muhammad, A., Abdul, S. and Aneela, M. (2014) Pharma-
cological Importance of an Ethnobotanical Plant: Capsicum annuum L. Journal of 
Natural Product Research, 28, 1267-1274.  
https://doi.org/10.1080/14786419.2014.895723 

[32] Joint FAO/WHO Food Standards Programme Codex Committee on Contaminants 
in Foods Fifth Session the Hague, the Netherlands, 21-25 March 2011. 

[33] Commission Regulation (EC) No 1881/2006 of 19 December 2006 Setting Maxi-

https://doi.org/10.4236/jacen.2019.81003
https://doi.org/10.1016/j.envpol.2007.06.056
https://doi.org/10.1016/j.taap.2009.04.020
https://doi.org/10.3390/ijerph7041342
https://doi.org/10.30638/eemj.2008.078
https://doi.org/10.4314/ijbcs.v12i2.7
https://doi.org/10.5897/AJB2007.000-2452
https://doi.org/10.1080/14786419.2014.895723


C. E. Anarado et al. 
 

 

DOI: 10.4236/jacen.2019.81003 32 Journal of Agricultural Chemistry and Environment 
 

mum Levels for Certain Contaminants in Foodstuffs (Text with EEA Relevance).  
http://data.europa.eu/eli/reg/2006/1881/2015-05-21  

[34] Adedotun, O.A. (2018) Accumulation of Heavy Metals from Battery Waste in Top-
soil, Surface Water, and Garden Grown Maize at Omilende Area, Olodo, Nigeria. 
WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.  
https://doi.org/10.1002/gch2.201700090 

[35] Hu, B., Jia, X., Hu, J., Xu, D., Xia, F. and Li, Y. (2017) Assessment of Heavy Metal 
Pollution and Health Risks in the Soil-Plant-Human System in the Yangtze River 
Delta, China. International Journal of Environmental Research and Public Health, 
14, 1042. https://doi.org/10.3390/ijerph14091042 

[36] Mohammed, S.A.L. and Folorunsho, J.O. (2015) Heavy Metals Concentration in 
Soil and Amaranthus retroflexus Grown on Irrigated Farmlands in the Makera 
Area, Kaduna, Nigeria. Journal of Geography and Regional Planning, 8, 210-217.  
https://doi.org/10.5897/JGRP2015.0498 

 

https://doi.org/10.4236/jacen.2019.81003
http://data.europa.eu/eli/reg/2006/1881/2015-05-21
https://doi.org/10.1002/gch2.201700090
https://doi.org/10.3390/ijerph14091042
https://doi.org/10.5897/JGRP2015.0498

	Leafy Vegetables as Potential Pathways to Heavy Metal Hazards
	Abstract
	Keywords
	1. Introduction
	2. Methods
	3. Results
	4. Discussions
	5. Conclusion
	Conflicts of Interest
	References

