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Abstract 

Presence of heavy metal contamination in agricultural lands, even at low levels is not desirable for human and animal 
health. Six soil samples were taken from three locations in Amassoma community in Bayelsa state in the months of April 
from the year 2019 to 2021. These samples were taken from the rhizosphere of pawpaw tree and scent leaf from the 
depth of 0-30 cm Samples were prepared by wet-ashing in line with the method defined by Smith 1972 and subjected 
to Atomic Absorption Spectrophotometry (AAS) and readings analysed with SPSS V.23 and IBM Instat GraphPad Prism 
V.3. Unpaired t test and trend analysis (graph, moving averages and slope)was used to ascertain significant difference 
between the yearly means and WHO limit at P<0.05, and trends of heavy metal contamination over the study period 
respectively. Increase in contamination of Lead (Pb), Cadmium (Cd), and Nickel (Ni) from 2019 to 2021 was revealed 
as 0.050 mg/kg-1 year-1, 0.005 mg/kg-1 year-1, and 0.063 mg/kg-1year-1 respectively. There was no reported increase in 
Zinc contamination (0.00 mg/kg-1year-1). Yearly analysis revealed statistically significant differences in observed heavy 
metal concentrations to that of the WHO limit (p<0.05). The 2-tailed p-value between the means of heavy metals studied 
and that of the WHO limits were all significantly different. Recommendations are that more researches be conducted to 
determine heavy metal accumulations in soils in Amassoma and other communities in Bayelsa state Nigeria. 
Government effort is required to initiate concerted remediation processes of the reported heavy metals to curb future 
health dangers. 
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1. Introduction

Heavy metals are naturally occurring elements with atomic weight and density above 5 times that of water. They are 
widely used in industry, homes, agriculture, medicine and technology [1,2] and thus a wide distribution in the 
environment [3]. Their occurrence is reported to depend on the soil type; a decreasing sequence of Cd > Cu > Zn > Pb 
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on light soils and trend of Cd > Zn >Pb > Cu on medium soils [4]. The presence of heavy metals in the soil, even at low 
concentrations, due to natural processes and anthropogenic activities [1,2] has been reported to impart functional 
disorders of soils, retarded plant growth and even harm the health of humans through contamination of food chain [5]. 
Contaminants in aquatic systems, including heavy metals, have been reported to stimulate the production of Reactive 
Oxygen Species (ROS) that can damage fishes and other aquatic organisms [6]. These heavy metals in the soil are not 
biodegradable and thus can potentially lead to the uptake and accumulation of these metals in the medicinal plants’ 
parts [7,8]. These are a good source of possible health risk to plants and animal partly because they have the capacity 
to form concentrates in the normal ecological food chain, and the kidneys excrete such heavy metals only slowly, most 
times resulting into a consequent deleterious health effect [9,10]. These deleterious effects may be in the form of 
decrease in immunological defenses, cardiac dysfunction, fatal malformation, impaired psychosocial and neurological 
behaviors, gastrointestinal cancer, and many others [11]. High concentrations of some heavy metals have been 
implicated in metabolic disturbances and growth inhibition of some plants [12]. Other studies have demonstrated that 
the uptake of Nickel and Cadmium can damage the integrity of cell membrane in certain plants [13], for example excess 
concentrations of Cd, Cu, Pb, and Zn has been reported to significantly affect the plant water status of sunflowers causing 
water deficit and subsequent changes in plant [14]. The WHO has recommended allowable limits of commonly used 
heavy metals on plants which when taken will have no or minimal effect on human health [15,16]. Other studies have 
also reported high levels of EC, pH and heavy metals in the tissues and supporting soil in the sampled plots in Port 
Harcourt in Rivers State, Nigeria concerning pawpaw (Carica papaya linn but in decreasing order of Pb> Cu > Hg > Zn > 
Cd. The use of the soil and its produce for food and medicine is also common in Nigeria [17,18]. Plants of common use 
include scent leaf and the pawpaw fruit with various ascribed medicinal uses [12]. 

There is a reported need for immobilization, soil washing and phytoremediation techniques to reduce the associated 
risks, make the land resource available for agricultural production, enhance food security and scale down land tenure 
problems arising from changes in the land use pattern [19]. The widely practiced forms are those of the integrated 
processes, involving the combination of two different methods to achieve a synergy in removing heavy metals [20, 21]. 
An increasing trend for Cd (p < 0.05; 0.0081 mg kg⁻¹ year⁻¹), a decreasing trend for Cu (p < 0.05; -0.80 mg kg⁻¹ year⁻¹), 
and no significant trend for Pb (p = 0.155), Zn (p = 0.746), and Ni (p = 0.305) was reported in farmlands in China in the 
year 2014 [22]. Drastic shoot up of heavy metals has also been reported in surface waters in Nigeria from a study carried 
out from 2007 to 2009 [23]. The need for investigating the level of contamination of some heavy metals such as Zinc, 
Nickel, Lead and Cadmium in soils and comparing their levels with prescribed benchmark values of WHO in Amassoma 
community, Bayelsa State, Nigeria is thus necessary. 

2. Material and methods 

2.1. Field Studies 

 

Figure 1 Geographical location of the study environment 

Amassoma community in Southern Ijaw LGA, Bayelsa State of Nigeria was selected for sampling. Sampling was done at 
random from three different locations (Endi-pele latitude 4.93625833 and longitude 6.33791167, Okoloba-ama latitude 
4.93613167 and longitude 6.33823 and Tantua-ama latitude 4.93625833 and longitude 6.33791167) within Amassoma 
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metropolis. These locations were selected at random to centralize the sample stations within the community (Sample 
location) as shown in Figure 1. Geographically, sample area has land mass of 2,682 km2 and a population of 319413 at 
the 2006 census. The study location has been reported to have a loose soil type. The people are predominantly farmers, 
fishermen, business men and civil servants. It is the fastest growing community in Bayelsa State for reasons of the 
presence of the first state owned university (Niger Delta University) and its increasing commercial bustles. 

2.2. Soil Sampling, Preparation and Laboratory Studies 

Six samples of soil were taken from the rhizosphere of pawpaw tree and scent leaf at the depth of 0-30 cm on the soil of 
Amassoma community in the year 2019. The samples were prepared by wet-ashing in line with the method defined by 
Smith 1972 [24]. The soil samples were air-dried and crushed into dust in order to provide for proper analysis. Then 1g 
of each blended samples were weighed and wet-digested with conc. 𝐻𝑁𝑂3/𝐻2𝑆𝑂4 in the ratio of 1:3 on the hot-plate in 
a fume-hood. This was heated till the solution became clear. 20 ml of distilled water was introduced to the digest and 
filtered in 100 ml volume flask and was made up to the mark with distilled water. The samples filtered were then 
transferred into 100 ml plastic bottles before it was taken for analysis. Then the Atomic Absorption Spectrophotometer 
(AAS) was switched on and the various lamps were set up, and appropriate lamp currents were also set up. The 
concentrations of Cadmium (Cd), Nickel (Ni),Lead (Pb), and Zinc (Zn), were analyzed and the concentrations in the soil 
were recorded as mg/kg of sample and this was compared with the WHO allowable limits for heavy metals in soil. This 
process was repeated again in the year 2020 and 2021 and concentrations of heavy metals recorded for comparison to 
the previous readings to ascertain possible trends of level of contamination. 

  

Figure 2 Atomic absorption spectrophotometer Figure 3 Laboratory work 

2.3. Statistical Analysis 

The samples of this study were analysed using the Statistical Programme for Social Sciences (SPSS) and IBM Instat 
GraphPad Prism V.3. Anunpaired t-test was used to determine the significant difference between the means of the 
various samples, using P<0.05 level of significance. Trends of concentration of heavy metal contamination was 
ascertained with trend analysis (graph, moving averages and slope). 

3. Results and discussion 

3.1. Observed general contamination trends of Lead, Cadmium, Nickel and Zinc 

The study carried out from 2019 to 2021 on the soil of Amassoma community in Bayelsa state of Nigeria revealed a 
general increasing trend of heavy metal contamination. This is depicted by the increasing average concentrations of 
heavy metals over the years, and the slope values as shown in table 1 and figure 4 to figure 7 below. There was a revealed 
increasing trend of contamination of Lead (Pb), Cadmium (Cd), and Nickel (Ni) from 2019 to 2021 as 0.050 mg/kg-1year-

1 0.005 mg/kg-1year-1, and 0.063 mg/kg-1year-1 respectively but not for Zinc contamination (0.00 mg/kg-1year-1). Shao 
et al 2016 [22] reported a decreasing trend of Cu (p < 0.05; -0.80 mg kg⁻¹ year⁻¹), increasing trend for Cd (p < 0.05; 
0.0081 mg kg⁻¹ year⁻¹) and no significant increasing trend for Pb (p = 0.155), Zn (p = 0.746), and Ni (p = 0.305) from 
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2000 to the year 2014 on farmlands of Yangtze River Delta (YRD), China. Nubi, Oyediran and Nubi 2011 [23] also 
reported an inter-annual trends of 2009 > 2008 > 2007 for Fe, Zn, Cu, Cr, Pb in Nigerian soils. These studies are also in 
consonance with the likelihood of general increase in heavy metal contaminations in farmlands.  

Analysis at the individual years in the year 2019 revealed similarity between the samples collected for the study 
(depicted by small standard deviations) and statistically significant differences in the concentration of observed level 
of heavy metals to that of the maximum contamination level as prescribed by the WHO. The 2-tailed p-value between 
the mean observed concentration of all the heavy metals studied and that of the WHO recommended targets were all 
significantly different in observations. This is also evident with the large mean differences (MD) of the observed means 
from the expected WHO means and their respective t-scores. This is as shown in table 2. Similar observations were 
made with the 2020 and 2021 samples of the study. This is as contained in table 3 and table 4. 

Table 1 Concentration of heavy metals (Pb, Cd, Ni and Zn) from the year 2019 to 2021 in the soils of Amassoma 
community, Bayelsa state, Nigeria 

Concentration of heavy metals (Pb, Cd, Ni and Zn) from the year 2019 to 2021 in the  

soils of Amassoma community, Bayelsa state, Nigeria 

Heavy metal Pb Cd Ni Zn 

Samples (mg/kg) 2019 

2019A 1.34 0.239 8.103 3.169 

2019B 1.094 0.24 5.347 1.242 

2019C 1.42 0.289 0.67 2.425 

2019D 1.235 0.256 7.133 1.691 

2019E 1.216 0.246 0.614 3.394 

2019F 1.855 0.258 7.523 1.398 

Mean Conc. (mg/kg) 1.36 0.255 4.898 2.219 

Samples (mg/kg) 2020 

2020A 1.36 0.338 8.203 3.179 

2020B 1.113 0.311 6.337 1.222 

2020C 1.532 0.291 1.733 2.335 

2020D 1.443 0.276 7.733 1.722 

2020E 1.226 0.266 3.644 3.401 

2020F 1.877 0.299 7.666 1.418 

Mean Conc. (mg/kg) 1.425 0.297 5.886 2.213 

Samples (mg/kg) 2021 

2021A 1.47 0.318 8.403 3.271 

2021B 1.223 0.339 6.17 1.276 

2021C 1.953 0.421 1.788 2.531 

2021D 1.899 0.266 7.798 1.777 

2021E 1.726 0.276 3.944 3.54 

2021F 2.811 0.355 7.933 1.648 

Mean Conc. (mg/kg) 1.847 0.329 6.006 2.341 

WHO Limit (mg/kg) 85 0.8 35 50 

R2 0.4 0.332 0.014 1.00E-05 
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Table 2 Concentration of heavy metals (Pb, Cd, Ni and Zn) in the year 2019 in the soils of Amassoma community, Bayelsa 
state, Nigeria 

Concentration of heavy metals (Pb, Cd, Ni and Zn) in the year 2019 in the soils of 

 Amassoma community, Bayelsa state, Nigeria 

Heavy metal Pb Cd Ni Zn 

Samples (mg/kg) 

2019A 1.34 0.239 8.103 3.169 

2019B 1.094 0.24 5.347 1.242 

2019C 1.42 0.289 0.67 2.425 

2019D 1.235 0.256 7.133 1.691 

2019E 1.216 0.246 0.614 3.394 

2019F 1.855 0.258 7.523 1.398 

Mean Conc. (mg/kg) 1.36 0.255 4.898 2.219 

T-score 12.482 -33.562 3.505 5.91 

Sig.(2-tailed) < 0.0001 < 0.0001 0.0172 0.002 

Std. Dev 0.2669 0.0289 3.7566 0.9737 

SEM 0.109 0.0076 1.397 0.3756 

Confidence interval (CI) 1.080-1.640 0.235-0.274 1.305-8.491 1.254-3.186 

WHO Limit (mg/kg) 85 0.8 35 50 

Mean Difference -83.64 -0.5453 -30.102 -47.78 

Table 3 Concentration of heavy metals (Pb, Cd, Ni and Zn) in the year 2020 in the soils of Amassoma community, Bayelsa 
state, Nigeria 

Concentration of heavy metals (Pb, Cd, Ni and Zn) in the year 2020 in the soils of  

Amassoma community, Bayelsa state, Nigeria 

Heavy metal Pb Cd Ni Zn 

Samples (mg/kg) 

2020A 1.36 0.338 8.203 3.179 

2020B 1.113 0.311 6.337 1.222 

2020C 1.532 0.291 1.733 2.335 

2020D 1.443 0.276 7.733 1.722 

2020E 1.226 0.266 3.644 3.401 

2020F 1.877 0.299 7.666 1.418 

Mean Conc. (mg/kg) 1.425 0.2968 5.886 2.213 

T-score 13.06 28.222 5.495 5.904 

Sig.(2-tailed) < 0.0001 < 0.0001 0.0027 0.002 

Std. Dev 0.2673 0.02576 2.624 0.9181 

SEM 0.1091 0.01052 1.071 0.3748 

Confidence interval (CI) 1.145-1.706 0.269-0.324 3.132-8.640 1.249-3.176 

WHO Limit (mg/kg) 85 0.8 35 50 

Mean Difference -83.575 -0.5032 -29.114 -47.787 
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Table 4 Concentration of heavy metals (Pb, Cd, Ni and Zn) in the year 2021 in the soils of Amassoma community, Bayelsa 
state, Nigeria 

Concentration of heavy metals (Pb, Cd, Ni and Zn) in the year 2021 in the  

soils of Amassoma community, Bayelsa state, Nigeria 

Heavy metal Pb Cd Ni Zn 

Samples (mg/kg) 

2021A 1.47 0.318 8.403 3.271 

2021B 1.223 0.339 6.17 1.276 

2021C 1.953 0.421 1.788 2.531 

2021D 1.899 0.266 7.798 1.777 

2021E 1.726 0.276 3.944 3.54 

2021F 2.811 0.355 7.933 1.648 

Mean Conc. (mg/kg) 1.847 0.3292 6.006 2.341 

T-score 8.289 14.192 5.581 6.203 

Sig.(2-tailed) 0.0004 < 0.0001 0.0025 0.0016 

Std. Deviation 0.5458 0.05681 2.636 0.9242 

SEM 0.2228 0.02319 1.076 0.3773 

Confidence interval (CI) 1.274-2.420 0.269-0.389 3.239-8.773 1.370-3.311 

WHO Limit (mg/kg) 85 0.8 35 50 

Mean Difference -83.153 -0.4708 -28.994 -47.659 

 

3.2. Observed individual contamination trends of Lead, Cadmium, Nickel and Zinc 

3.2.1. Trend of Lead (Pb) 

The individual heavy metals revealed differences in their rate of increase or otherwise of the level of contamination the 
studied soils. A moving average of the six samples taken yearly depicts the differences in the trends. The rate of increase 
in contamination of Lead (Pb) from the year 2019 to 2021 was revealed by the average concentrations as 1.36 mg/kg, 
1.425 mg/kg and 1.847 mg/kg respectively, giving a prediction of 0.050 mg/kg-1 year-1 increasing trend as was 
predicted by the slope of the graph. The equation on the linear line of the graph suggests a backward prediction that the 
contamination of the soil of Amassoma with lead started some 21.3 years before the year 2021. This is as shown in table 
1 and fig. 4.  

 

Figure 4 Observed contamination trend of Lead from 2019 to 2021 
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The increase in lead concentration could be attributable to indiscriminate disposal of storage batteries and ammunition, 
incineration and recycling, and mobilization of previously buried lead as is a common practice in the study environment. 
The above prediction makes sense to coincide with the advent of full scale commercial activities in the community that 
was brought by the sitting of the state university in the community by the year 2000. Similar trends have been reported 
by Mañay, Cousillas, Alvarez, & Heller, 2008 [25]; Deborah, 2013 [26], and Erin, 2017 [27]. Persistence of lead in soils 
and sediments of industrial and urban areas has been linked with inhibitory effects on photosynthesis and plant growth 
and survival as reported by the United Nations Environmental Programmes, 2010 [28]. Organ toxicity has also been 
reported in animals by Assi, Hezmee, &Haron, 2016 [29] and in fish by the UK Marine SACs project, 1999 [30]. 

3.2.2. Trend of Cadmium 

Cadmium (Cd) also revealed a 0.005 mg/kg-1year-1 increase as was depicted by the slope of the graph. The moving 
averages were 0.332 mg/kg, 1.425 mg/kg and 0.3292 mg/kg for the year 2019, 2020 and 2021respectively. Depictions 
from the linear equation of the graph traced a 49 years backward accumulation period of this heavy metal. This is 
illustrated in table 1 and figure 5. Presence of this metal has also been reported with minimal adverse effects on humans 
and plant. It is reported to be potentially released from power station heating systems, metal working industries and 
urban traffic into the environment as opined by Roy & Mehta, 2005 [31]; Mohan & Pittman, 2007 [32]; Hasegawa, 
Rahman, Matsuda, Kitahara, Maki, & Ueda, 2009 [33]. It is possible that social life and the use of electricity was seen in 
the community as from such periods. 

 

Figure 5 Observed contamination trend of Cadmium from 2019 to 2021 

3.2.3. Trend of Nickel (Ni) 

 

Figure 6 Observed contamination trend of Nickel from 2019 to 2021 

The study revealed an increase of 0.063 mg/kg-1year-1 in levels of contamination of Nickel. There was a reported 4.8983 
mg/kg, 5.886 mg/kg and 6.006 mg/kg moving averages with the passing of time. A 79.3 years initiation and 
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accumulation period was also predicted backward by the linear equation on the trend graph. This is shown in table 1 
and figure 6. 

Daily Nickel skin contact, inhalation, or ingestion above 1 mg/kg has been reported to be toxic by McGrath& Smith, 1990 
[34]. It is reported to be mainly sourced from nickel and nickel alloy production plants, welding plants, electroplating 
environments, and in areas where grinding and cutting operations are carried out. Also nickel refining, nickel salts 
production, and stainless-steel companies are other reported by Kasprzak, et al., 2003, and Seilkop & Oller, 2003 [35,36] 
as sources of nickel contaminations. The frequency of allergy to nickel is reported by Sivulka, 2005 [37] to be on the 
increase and that it cannot be fully explained by its medical applications. 

3.2.4. Trend of Zinc (Zn) 

2.219 mg/kg, 2.213 mg/kg and 2.341 mg/kg moving average of Zinc metal was reported in the year 2019, 2020 and 
2021 respectively. The trend depicted no yearly Zinc metal concentration increase over the years of study. This is 
contained in table 1 and figure 7.  

Zinc is used in the making of denture creams in the concentrations of 17 and 38mg of zinc per gram. Toxicities to the 
lives of plants and animals are reported by Zhang, 1996 [38]. According to Tampa Bay Times, 2010 [39], Zinc in the 
excess amount of 50 ppm in soil can interfere with the plants absorption ability to iron and manganese. 

 

Figure 7 Observed contamination trend of Zinc from 2019 to 2021 

4. Conclusion 

Presence of heavy metal contamination even at low levels is mostly not desirable for human and animal health. The 
longitudinal study conducted at the busy town, Amassoma community in Bayelsa state of Nigeria from the year 2019 to 
2021 revealed a general increasing trend of heavy metal contamination, depicted by the increasing moving averages of 
concentrations of heavy metals over the years, and the slope of trend graphs in the order of Zn<Pb<Cd<Ni. The 2-tailed 
p-value between the mean observed concentration of all the individual heavy metals studied and that of the WHO 
recommended targets were all significantly different in observations as evident with the large differences of the mean 
of the observed means and the expected WHO means and their respective t-scores. The rate of increase in contamination 
of Lead (Pb), Cadmium (Cd), Nickel (Ni) and Zinc (Zn) from the year 2019 to 2021 were reported as 0.050 mg/Kg, 0.005 
mg/Kg, 0.063 mg/kg and 0.00 mg/kg yearly respectively. This increase in heavy metal contamination in the study 
environment is a cause for alarm. 

It is recommended that communities should be cautious on the use of heavy equipment or sources of exposure route to 
heavy metals and the use of agrochemicals and pesticides like DDT (dichlorodiphenyltrichloroethane) which are various 
sources of the observed heavy metal pollution in the environment that have the propensity to greatly impact both plants 
and animal’s health. Similar researches are recommended to be conducted from time to time to determine the levels of 
heavy metal accumulation in plants of medicinal values in Amassoma and other local communities where these plants 
are used frequently for nutrition and medicinal purposes. Due to urbanization, modern agricultural activities, and 
industrial activities taking place in communities, monitoring the safety levels of such heavy metals should become very 
necessary to avoid poisoning of any sort. Caution is also recommended when such plants are to be used as alternative 
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to conventional medicine as excess of it could pose the risk of bioaccumulation and possible health effects in human. 
Government effort is required to initiate concerted remediation processes of the heavy metals to curb future health 
dangers. 

Compliance with ethical standards 

Acknowledgments 

We acknowledge Jehovah Shammah who is always with us and has been there for us all through our life pursuits. 

Disclosure of conflict of interest 

No conflict of interest is associated with this work. 

References 
[1] Mengel K, Kirkby EA. Principles of Plant Nutrition. 1982. International Potash Institute, Bern. 

[2] Kabata-Pendias A, Pendias, H. Trace Elements in Soils and Plants. 2001. 3rd Edition, CRC Press, Boca Raton, 403 
p. 

[3] Tchounwou PB, Yedjou CG, Patlolla AK, Sutton DJ. Heavy Metals Toxicity and the Environment. HHS Public Access. 
EXS. 2012; 101: 133–164.  

[4] Pikuła D, Stepien W. Effect of the Degree of Soil Contamination with Heavy Metals on Their Mobility in the Soil 
Profile in a Microplot Experiment. Agronomy. 2021; 11: 878.  

[5] Yan A, Wang Y, Tan SN, Mohd YML, Ghosh S, Chen Z. Phytoremediation: A Promising Approach for Revegetation 
of Heavy Metal-Polluted Land. Front. Plant Sci. 2020. Vol. 11 https://doi.org/10.3389/fpls.2020.00359  

[6] Singh R, Gautam N, Mishra A, Gupta R. Heavy metals and living systems: an overview, Indian Journal of 
Pharmacology. 2011; 43(3): 246–253. 

[7] Biney CA, Amuzil AT, Calamin ID, Kaba N, Mbome LL, Neave H, Ochuma PBO, Osibanjo O, Radegonde Y, Saad MAH. 
Review of heavy metals in the African Aquatic Environment FAO Fish Rep. 1991; 471:7-43.  

[8] Wepener V, Vuren JJ, Preez HH. Uptake and distribution of a copper iron and zinc mixture in gill, liver and plasma 
of a fresh water teleosis, Tilapaia sparrmanii. Environmental Science. Water SA. 2001;27(1) pp 99-108.. Available 
on website http://www.wrc.org.za 

[9] Kelly J, Thornton I,Simpson PR. Urban geochemistry: a study of influence of anthropogenic activity on heavy 
metal content of soils in traditionally industrial and non-industrial ares of Britain, Appl. Geochem. 1996; 11: 363-
370. 

[10] Piron-Frenet M, Bureau F,Pineau R. Lead accumulationin surface roadside soil: its relationships to traffic density 
and meteorological parameters. Sci. Total Environ. 1994; 144: 297-304.  

[11] Kalavrouziotis IK, Carter J, Varnavas SP, Mehra A,Drakatos PA. Towards an understanding of metal contamination 
in food and soils related to road traffic, Fresenius Environmental Bulltin. 2006; 15: 170-175. 

[12] Sas-Nowosielska AR, Kucharski R, Zielonka U, Malkowski E, Gray L. Remediation aspect of microbial changes of 
plant rhizosphere in mercury contaminated soil, Environmental Monitoring and Assessment. 2008; 137(2): 101-
109. 

[13] Vojtechova M, Leblova S. Uptake of lead and cadmium by maize seedlings and the effect of heavy metals on the 
activity of phosphonolppyruvate carboxylase isolated from maize. BiologiaPlantarum. 1991; 35(5): 386-394. 

[14] Erakhrumen A, Agbontalor A. Review Phytoremediation: an environmental sound technology for pollution 
prevention, control and remediation in developing countries, Educational Research and Review. 2007; 2(7): 151-
156. 

[15] Korfali SI, Hawi T, Mroueh M. Evaluation of heavy metals content in dietary supplements in Lebanon, Chemistry 
Central Journal. 2013; 7(1): 10. 

[16] Korfali SI, Mroueh M Al-Zein, M, Salem R. Metal concentrationin commonly used medicinal herbs and infusion by 
Lebanese population: health impact,” Journal of Food Research. 2013; 2(2): 70–80. 

https://doi.org/10.3389/fpls.2020.00359


International Journal of Science and Research Archive, 2022, 05(02), 144–154 

 

153 

[17] World Health Organization. Programme on Traditional Medicine. WHO traditional medicine strategy 2002-
2005. 2022. World Health Organization. https://apps.who.int/iris/handle/10665/67163 

[18] Sahoo N, Manchikanti P,Dey S. Herbal drugs: standard sand regulation, Fitoterapia. 2010; 81(6): 462–471. 

[19] Raymond A Wuana, Felix E Okieimen. Heavy Metals in Contaminated Soils: A Review of Sources, Chemistry, Risks 
and Best Available Strategies for Remediation, International Scholarly Research Notices. 2011; Article ID 402647: 
20. 

[20] Selvi A, Rajasekar A, Theerthagiri J, Ananthaselvam A, Sathishkumar K, Madhavan J, Rahman PKSM. Integrated 
Remediation Processes Toward Heavy Metal Removal/Recovery From Various Environments-A Review. Front. 
Environ. Sci. 22 May 2019. 

[21] Sidhu GPS. Heavy metal toxicity in soils: sources, remediation technologies and challenges. Adv Plants Agric Res. 
2016;5(1):445-446.  

[22] Shao D, Zhan Y, Zhou W, Zhu L. Current status and temporal trend of heavy metals in farmland soil of the Yangtze 
River Delta Region: Field survey and meta-analysis. Environmental Pollution. 2016. 219. 
10.1016/j.envpol.2016.10.023. 

[23] Nubi OA, Oyediran LO, Nubi AT. Inter-annual trends of heavy metals in marine resources from the Nigerian 
territorial waters African Journal of Environmental Science and Technology. 2011;5(2): 104-110.  

[24] Smith GF. Plant and soil analysis. 1972; 88(3):265-91. 

[25] Mañay N, Cousillas AZ, Alvarez C, Heller T. Lead contamination in Uruguay: the "La Teja" neighborhood case. 
Reviews of environmental contamination and toxicology. Reviews of Environmental Contamination and 
Toxicology. 2008;195: 93–115. 

[26] Deborah B. Looney Gas and Lead Poisoning: A Short, Sad History (Internet) Wired. 2013. Accessed 26th 
November 2019, Available at https://www.wired.com/2013/01/looney-gas-and-lead-poisoning-a-short-sad-
history/ 

[27] Erin B. Humans Polluted the Air Much Earlier than Previously Thought. Smithsonian Magazine. 2017. Available 
at https://www.smithsonianmag.com/smart-news/humans-polluted-air-much-earlier-previously-thought-
180963528/  

[28] United Nations Environment Programme. Chemicals Branch, Division of Technology, Industry and Economics. 
Final review of scientific information on lead (PDF). December 2010. Available at 
https://www.cms.int/sites/default/files/document/UNEP_GC26_INF_11_Add_1_Final_UNEP_Lead_review_and_
apppendix_Dec_2010.pdf 

[29] Assi MA, Hezmee MNM, HaronAW. The detrimental effects of lead on human and animal health. Veterinary World. 
2016; 9(6): 660–671. 

[30] ABP Research Ltd. Good Practice Guidelines for Ports and Harbours operating within or near UK marine Special 
Areas of Conservation. English Nature, UK Marine SACs Project. 1999. 

[31] Roy SL, Mehta P. Phytoremediation of heavy metal and PAH contaminated by brownfield sites, Plant and Soil. 
2005; 272(2): 277-290. 

[32] Mohan A, Pittman CU. Arsenic removal from water/wastewater using adsorbents- a critical review, Journal of 
Hazardous Metals. 2007; 142(2): 1-53. 

[33] Hasegawa H, Azizur MR, Matsuda T, Kitahara T, Maki T, Ueda K. Effect of eutrophication on the distribution of 
arsenic species in eutrophic and mesotrophic lakes. Science of The Total Environment. Volume 407, Issue 4, 2009, 
Pages 1418-1425, ISSN 0048-9697. Avalable at https://doi.org/10.1016/j.scitotenv.2008.10.024. 
(https://www.sciencedirect.com/science/article/pii/S0048969708010565) 

[34] McGrath, S. P. and Smith, S. Chromium and nickel. in: Heavy metals in soils. Ed. B.J. Alloway Blackie & Sons, 
Glasgow. 1990. pp. 125-150 

[35] Kasprzak KS, Sunderman Jr FW. and Salnikow K. Nickel Carcinogenesis. Mutation Research: Fundamental and 
Molecular Mechanisms. 2003. 533, 67-97. 
http://dx.doi.org/10.1016/j.mrfmmm.2003.08.021 

https://apps.who.int/iris/handle/10665/67163
https://www.smithsonianmag.com/smart-news/humans-polluted-air-much-earlier-previously-thought-180963528/
https://www.smithsonianmag.com/smart-news/humans-polluted-air-much-earlier-previously-thought-180963528/
https://doi.org/10.1016/j.scitotenv.2008.10.024


International Journal of Science and Research Archive, 2022, 05(02), 144–154 

 

154 

[36] Seilkop SK,Oller AR. Respiratory cancer risks associated with low-level nickel exposure: an integrated 
assessment based on animal, epidemiological, and mechanistic data. Regul. Toxicol. Pharmacol. 2003; 37: 173-
190. 

[37] Sivulka DJ. Assessment of respiratory carcinogenicity associated with exposure to metallic nickel: A review. 
Regul. Toxicol. Pharmacol. 2005; 43: 117-133. 

[38] Zhang XG. Corrosion and electrochemistry of zinc. New York: Plenum Press; 1996. 

[39] Lawsuits blame denture adhesives for neurological damage. TampaBay Times. February 15, 2010. Accessed 
March 06, 2019. Available at 
https://web.archive.org/web/20100218110256/http://www.tampabay.com/news/health/lawsuits-blame-
denture-adhesives-for-neurological-damage/1073320 

  


