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Introduction
Heavy metal pollution is one of the major problem facing the environmentalist today. The effect heavy metal toxicity on

humans cannot be over-emphasized as they are known to affect most vital organs in the body. Heavy metals are some of the

component that contribute to the contamination of the environment (air, water, soil, plants etc.) [1]. These heavy metals for
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example lead and zinc have been known to cause some health problems ranging from hematological to neurological problems
[2]. Lead can be hazardous to the body in trace quantity because it can affect virtually all the organ in the body. It induces
both microcytic and hypochromic anemia [3]. According to Zenz [4], the anemia could be due to several factors, which
includes (a) inhibition (restriction) of normal heme synthesis [5], (b) interference with the synthesis of globin, (c) interference
with the incorporation of iron into erythrocyte precursors and (d) shortened erythrocyte life span by lead [6]. Zinc is an
abundant element and constitutes approximately 0.004 percent of the Earth’s substance [7]. Zinc is also an essential element
for all living things, including man. Zinc-containing proteins and enzymes are involved in every aspect of metabolism,
including the replication and translation of genetic material [8]. Nearly 200 zinc-containing enzymes have been identified
from all species [9], which include; carbonic anhydrase, aspartase, and transcarbamylase and alcohol dehydrogenase. At
higher concentrations, zinc can be toxic thereby, leading to reduced cell-division rates, uncoupling of cell division and
photosynthesis [10,11].

High concentrations of zinc also produced symptoms of zinc toxicosis in animals [12] which may manifest with the following
symptoms; depressed rate of weight gain and feed intake, arthritis, extensive hemorrhage in the axillary spaces, gastritis,
catarrhal enteritis, congestion of the mesentery, and hemorrhages [13]. Lead and zinc accumulation in soils and plants is of
increasing concern because of the potential human health risks associated with it. Heavy metals are not biodegradable but are
transferable, at some levels they become toxic and tend to accumulate along the food chain, where man is the last link
[14,15]. There are many sources of heavy metal exposure to humans. Plants have the ability to absorb nutrients and micro-
nutrients from the soil through their roots and transport them to other parts of the plants [16,17]. Through these processes,
heavy metals can also be absorbed from the soil and water environment into the plant. The increase in metal uptake by food

crops grown on contaminated soils affects the food quality and safety of consuming such crop [18].

The rate by which these heavy metals enter plants could be assessed by calculating the transfer factor (TF) and the
bioaccumulation factor (BAF). The efficiency of different plants in absorbing metals is evaluated by either plant uptake or
soil-to-plant transfer factors of the metals [19]. The transfer factor tends to evaluate the ratio of the metal concentration on
plants to its concentration in soil while bioaccumulation factor tends to evaluate the ratio of the metal concentration in plants
to its concentration in water. Some of the factors that could affect the TF and BAF include: the chemical form of the metals,
age of plants, soil texture and so on [20,21]. Vegetables are important part of human's diet, they are also source of important
nutrient and functional food components (by contributing protein, vitamins, and minerals) which have marked health effects
[22]. Vegetables grown in heavy metal contaminated soils accumulate higher amount of metals than those grown in
uncontaminated soils [23]. In health risks assessment, it is necessary to identify the potential sources of risk - agents in the
environment and estimate the amount of risk - agents that is in contact with the human environment. The determination of the
health consequence of exposure is also very necessary [24]. Concerning hazardous chemicals, the Organization for Economic
Co-operation and Development (OECD), European Union (EU) and US Environmental Protection Agency (EPA), had
outlined procedures and regulations for risk assessment [25-27]. According to the National Research Council [28], there are
four steps in risk analysis: 1. hazard identification, 2. exposure assessment, 3. dose-response assessment and 4. risk

characterization.
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However, studies on the metal uptake, accumulation and assessment of human health risks associated with mining and
quarrying environments are still needed. Therefore, this study is aimed at accessing the pollution level using the transfer and
bioaccumulation factors as indexes of pollution and the health risk index associated with the intake or consumption of
vegetable in Ishiagu community of Ebonyi state where mining and quarrying are presently going and Uburu is contagious

town in Ebonyi State, Nigeria, that has significant quantity of deposits of lead but mining was suspended for over 30 years.

Experimental Section

Sample locations

Two towns were used as location of the study. Ishiagu a lead mining town in Ivo Local Government Area in Ebonyi State,
Nigeria, located on the plains of the south-eastern savannah belt. It is located on latitude 5°57°N and longitude 7°34'E. and
Uburu, a non-mining /quarrying town in Ohaozara Local Government Area in Ebonyi state still on the plains of the south -

eastern savannah belt. It is located on the latitude 6°2' N and longitude 7°46' E. The distance between the two communities
was about 23.98 Km apart (FIG. 1).
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FIG. 1. 1A: Map of Ebonyi State showing Ishiagu and Uburu (Survey Dept. Abakaliki), 1B: Map of Ebonyi State
showing Ishiagu and Uburu (Google earth map).

Plant materials

The plant materials used in this study where obtained from farm lands about 500 m away from the mining sites. Matured
plant materials that have grown to maturity was used for this study. 10 edible vegetables were collected for the study which
include; Telfairia occidentalis, Amarantus spp, Hydrophyllum capitatum, Abelmoschus esculentus, Oryza sativa, Zea mays,
Dioscorea Bulbifera, Dioscorea alata, Manihot esculenta, and Colocasia esculenta. (only the edible parts of the plants were
used for the analysis). The samples were harvested and put in a polyethene bag and taken to laboratory where they were store
in the refrigerator at a temperature of 4°C till the time of heavy metal analysis.
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Soil samples

The soil samples used in this study where obtained from three (3) different farm lands where the plants where collected. Top
soils (10 cm - 20 cm depth) were collected using an auger and put in a polyethene bag and in the same condition as the plant
materials. The soil samples were ground in a mortar and air-dried. It was also sieved with a 2-mm sieve to achieve uniformity

of soil particles and also to remove some other materials (such as plant debris and roots) that might affect the result.

Water samples
The water samples were obtained from water bodies around the farm lands (stream and dug-well water) the where about 100
m - 200 m away from the site. The water sample were acidified with few drops of tetraoxosulphate (vi) acid before taken

them to the laboratory in sample bottles that was previously washed and rinsed with dilute tetraoxosulphate vi acid and dried.

Preparation of edible plant parts for lead and zinc AAS analysis

The preparation of lead and zinc for AAS analysis was done by the method of Adrian, [29], as outlined below; The sample
(plant and soil) samples were washed with distilled water and air dried, after which they were dried in the oven and grinded
into powder (Note: soil samples were not washed). 1 g of the sample was weighed into a beaker. 10 cm®of 1:1 dilution of
concentrated HNO3; and distilled water was mixed and then covered with a watch glass. The solution was placed on a hot
plate to reflux for 10 to 15 min without boiling (one hour for soil samples). The beaker was allowed to cool and then 2 cm? of
distilled water and 3 cm® of 30% H,O, were added, covered with watch glass and placed over a hot plate. After the
effervescence had subsided, the solution was removed and cooled. HCI (5 cm®) and 10 cm?® of distilled water were added and
then heated for another 15 min without boiling. The solution was then transferred to 100 cm® beaker and made up to mark

using deionized water and taken for AAS analysis for lead and zinc.

Calculation of concentrations of lead and zinc

The concentrations of lead and zinc determined are on a wet weight basis in pg/g thus;

Result from AAS (ug / ml in digest) XFimal VVolume

Conc of Metal (lead or zinc)= Sample size (g or ml)
ple size (g

Eqg. (1)

Instrumentation and optimal condition
Perken - Elmer flame atomic absorption spectrometer, FAAS, (model 2380) equipped with burner- nebulizer for air-

acetylene having single slot 100 mm was used for carrying out the analysis TABLE 1.

TABLE 1. Shows the wavelength and slit band width of the AAS machine.
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Element

Wavelength Slit band width (mm)
Lead (Pb) 283.3 0.7
Zinc (Zn) 213.9 0.7

Determination of the bioaccumulation factor of lead and Zinc
Bioaccumulation of metals in different samples can be quantified by a bioaccumulation factor (BAF), which is the ratio of a

particular metal concentration in the plants to the concentration of that metal in water [30].

_ Concentration of Metallic ion in Plant

BAF = . —
Concentration of Metallic ion in water

Eq. (2)

Determination of the transfer factor of lead and zinc
The transfer factors of lead and zinc were determined as described by Lokeshwari and Chandrappa [31]. Thus

Concentration of Metallic ion in Plant
Transfer Factor = - — - Eq. (3)
Concentration of Metallic ion in Soil

Risk assessments
Determination of the absorbed lead and zinc amount: According to Hart et al. [32], the pattern of consumption of African
leafy vegetables in rural areas shows the average consumption of vegetable to be 61.5 g day™.

The average concentrations of lead and zinc in vegetable in Ishiagu can be calculated as thus:

Zconcentrations of lead or zinc in all the plants

Average Conc of Lead or zinc = Eq. (4)

number of plants
OR

Ch+Cpt+ Cphneene .. tC
n

Average Conc of Lead or zinc = ak Eq. (5)

Where C,, = concentration of metal in plant 1
C,2 = concentration of metal in plant 2

Cys = concentration of metal in plant 3
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Cpn = concentration of metal in plant n

n = number of plants used

Note: this method of calculation does not show the contribution of each vegetable but the interest here is on the average

concentration of lead and zinc that might be consumed through the consumption of these vegetables.
The amounts of lead or zinc consumed per day through the consumption of vegetables can be calculated thus:

Amount of lead consumed =

Average Conc of heavy metals in edible part of the plant[“—gjx Average mass of edible part of the vegetable consumed Equ (6)
g

About 90% of consumed lead is excreted and only about 10% is absorbed into the blood [33] therefore, the amount of lead
absorbed into the blood could be calculated. And knowing that 99% of the total lead burden in the blood is found hemoglobin

and 1% in the plasma [33], the theoretical concentration of lead in plasma and hemoglobin could also be calculated.

Daily Intake of Metals (DIM): This is determined by the following equation:

DIM = C netat X Cractor X Dioog intake Eq. (7)
average weight
Where:
C metal = Mean heavy metals conc. in plants (mg kg™) metal
C factor = Conversion factor

D food intake Daily food intake of vegetables

The conversion factor of 0.085 is to convert fresh vegetable weight to dry weight [19].

Health Risk Index (HRI): By using Daily Intake of Metals (DIM) and reference oral dose we obtain the health risk index.
The following formula is used for the calculation of HRI:

HRI = DIM

Eq. (8)
f

R¢D is the food reference dose for the metal (mgd™)

If the value of HRI is less than 1 then the exposed population is said to be safe [34].
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Statistical analysis
The results were statistically analyzed and presented as mean + standard deviation. The t-test statistics was used to compare

the difference in mean and the level of significance at p < 0.05.

Results and Discussion

The bioaccumulation and transfer factor of lead and zinc were determined in some major edible vegetable in both Ishiagu and
Uburu communities in Ebonyi state Nigeria. The bioaccumulation and transfer factor were observed to differ from one plants
to another due to the differences in the elemental selectivity, nature of elements and accumulation from soil solutions. Other
factors include the rate of transpiration, nature and type of soil and the age of the vegetable. Bioaccumulation and transfer
factors could be affected by the localization of these metals in the soil environment. These factors contribute to difference in

values of the same plants collected from different sites.

The concentrations of lead and zinc in leafy vegetables

The result in TABLE 2 shows the concentration of lead and zinc in soil and in water from Ishiagu and Uburu. It shows that
the concentration of lead was higher in the soil collected from the agricultural soil in Uburu while the zinc concentration in
soil was found to be higher in the soil sample collected from Ishiagu. The result also showed that lead and zinc

concentrations were higher in water sample from Ishiagu when compared with that from Uburu.

TABLE 2. The metal concentration in soil and water in both communities.

Town Metal Concentration in Soil (ng/g) Metal Concentration in Water (pg/g)
Lead Zinc Lead Zinc

Ishiagu 1420 +2.32 256.83 = 23.32 0.019 + 0.006 0.250 * 0.07

Uburu 14.48 +1.98 170.66 * 15.32 0.006 + 0.001 0.127 = 0.04

The determination of lead and zinc concentrations in edible plant parts show that the concentrations of lead and zinc in
Amarantus spp and Hydrophyllum capitatum from Ishiagu gave higher amount (FIG. 2). The concentration of lead in H.
capitatum in Uburu was found to be low. However, apart from H. capitatum, Abelmoschus esculentus, and Zea mays, the
concentration of lead in the other plant samples were approximately equal. The variation in the levels of lead and zinc could

be as a result of increase in the rate of transpiration which is a function of the plant’s leaves surface area or it might be as a
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result of localization of these metals in the soil [35], which might be as a result of the anthropogenic activities in the area
(FIG. 3).
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FIG. 2. The lead (Pb) concentration in various edible parts of the plants sampled in Ishiagu and Uburu.
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FIG. 3. The zinc (Zn) concentration in various edible parts of the plants sampled in Ishiagu and Uburu.
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Lead and Zinc transfer factors of different food stuffs
Amarantus spp exhibited highest transfer factor of 1.479 + 0.40 and 1.172 * 0.46 for lead and zinc respectively in Ishiagu
community. Due to the closeness in the concentration of lead in all the sampled plants in Uburu with the exception of H.

capitatum, A. esculentus, and Z. mays, the transfer value in the other plants were almost the same.

The transfer factor (T.F) of lead and zinc in different plants part in Ishiagu, indicates the level of transfer of different heavy
metals from soil to vegetable which is one of the key component of human exposure to metals in food chain [31]. The highest
transfer factor for lead obtain was obtained for Amarantus spp in Ishiagu. All the vegetables sampled with the exception of
Amarantus spp and H. capitatum gave a T.F>1 for lead in Ishiagu, while Amarantus spp and Z. mays gave the highest T.F for
zinc in Ishiagu. With the exception of these two vegetables, all the other plants sampled had a T.F that is less than 1 for zinc

in Ishiagu. In Uburu, Colocasia esculenta and H. capitatum showed the highest T.F for zinc with their values greater than 1.

All the vegetable sampled for T. F of lead showed a T. F less than 1 with H. capitatum having the least value as can be seen
in FIG. 4 and 5. The differences in T. Fs values indicated that each metal has different phytotoxic effect on different
vegetable. Baker [36] and Zu et al. [37] reported that T. Fs higher than 1.0 were determined in metal accumulator species
whereas T.F was typically lower than 1.0 in metal excluder species. T.F higher than 1.0 indicates an efficient ability to
transport metal from root to leaf, most likely due to efficient metal transporter systems [38], and probably sequestration of
metals in leaf vacuoles and apoplast [39].
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FIG. 4. The transfer factor (T.F) of lead (Pb) in edible part of plants sampled in both communities.
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FIG. 5. The transfer factor (T.F) of zinc (Zn) in edible part of plants sampled in both communities.

Bioaccumulation factor of lead and zinc in edible plant parts

On determining the bioaccumulation index (BAF), which measures the accumulation from water sources also showed that
Amarantus spp exhibited the highest bioaccumulation factor of 1105.265 + 297.73 and 1204.87 + 475.17 for lead and zinc
respectively for samples from Ishiagu, while the bioaccumulation factor of A. esculentus (431.58 = 74.43) and C. esculenta
(394.735 + 29.77) for lead in Ishiagu were found to be the lowest. it was also shown that zinc showed higher
bioaccumulation factor in all the sampled material with the exception of A. esculentus (784 * 62.22) for samples from

Ishiagu.

For sample from Uburu, H. capitatum show the lowest bioaccumulation, while the bioaccumulation factors were
approximately the same in Oriza sativa, Amarantus spp etc. The bioaccumulation of zinc in plant where lower than that of
lead showing than plants have a higher tendency to accumulate lead more than zinc. Although the concentrations of zinc were
higher than lead in water. The bioaccumulation factor of zinc in Ishiagu showed that Amarantus spp and Z. mays have the
highest bioaccumulation factor (FIG. 6 and 7). On comparing the plants sampled, it was observed that vegetable and cereals

have the highest accumulation of heavy metal and they are normally used for phyto-remediation processes.

10
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FIG. 6. The bioaccumulation factor (BAF) of lead in edible plants part sampled in both communities.
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FIG. 7. The bioaccumulation factor (BAF) of zinc in edible plants part sampled in both communities.

Determination of the absorbed lead and zinc amounts

According to Hart et al. [32], the pattern of consumption of African leafy vegetables in rural areas shows the average
consumption of vegetable to be 61.5 g day™. The TABLE 3 shows the amount of lead and zinc that could be absorbed into
the hemoglobin of an adult individual living in these rural areas. The results show that 85.54 ug and 52.77 pg day™ of lead
could be absorbed by individual living in Ishiagu and Uburu respectively.

11
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TABLE 3. Shows the result of the calculated absorbed lead and zinc.

Ishiagu Uburu
Mean lead Mean Zinc Mean lead Mean Zinc
concentration | concentration | concentration | concentration
Amount consumed per day through the 0.86 13.88 0.53 9.74
consumption of vegetables (mg kg™)

Amount absorbed into the blood 0.086 ND 0.053 ND
(mg kg™

Amount that enter the plasma per day 0.864 ND 0.053 ND
(ug day™)

Amount that enter the hemoglobin per day 85.54 ND 52.77 ND
(ug day™)

The average intake of lead in food per day through the consumption of studied vegetables was calculated to be about 86.92ug
day™ for Ishiagu excluding water, air and other food stuff taken by individuals living in the area. About 10% of ingested lead
is absorbed into the blood [33,40], with 85.9 pg day™ of lead been absorbed into the blood and 85.05 pg binds to the
hemoglobin, because according to Saeed et al., [41], 99% of the lead absorbed in the blood get attached the heamoglobin. The
total lead burden is found in the plasma per day was calculated to be 0.86 pg (1%). This situation notwithstanding, it is
known that bioaccumulation of small doses of this metal over time can constitute a serious health hazard [42,43].

According to Ziegler et al., [44] and Laidlaw et al., [45], Children are more vulnerable to lead toxicity because they absorbed
about 50% of lead ingested from food, water and contaminated dust. The consumption of 85.9 g of lead per day is relatively
high although compounds such as vitamin C (a known free-radical scavenger) have been shown to have some chelation
capacity [46] which may be contained in fruits and vegetables. Vitamin E (which has a protective action in membrane
stability) helps to prevent membrane lipoproteins from oxidative damage caused by lead [47]. Lead can alter Red Blood Cell
(RBC) membrane flexibility and increases RBC fragility leading to increased risk for hemolysis [48,49], zinc (which is
known to compete with lead binding by metallothionein-like transport protein in the gastrointestinal tract) can also influences
both tissue accumulation of lead and susceptibility to lead toxicity [50].

Vegetables are not the only source of lead to the populace, in other words, the amount lead taken in might be higher than 85.9
g day™. Cereals, tubers and water which the people drink contribute to the increasing levels of lead. The amount of zinc
consumed via the consumption of vegetable was calculated as 13.7 mg day™. The value of Recommended Dietary Allowance
of zinc for Male and female is 11 mg day™ and 8 mg day™ respectively [51], this shows that the zinc concentration is within
the normal range. Intakes of 150 mg to 450 mg of zinc per day are known to produce toxicity which can lower copper status,
altered iron function, reduced immune function and reduced levels of high-density lipoproteins (the good cholesterol) [52-

54]. Zinc toxicity also shows symptoms like tachycardia, vascular shock, dyspeptic nausea, vomiting and diarrhea, pancreatic

12
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is and damage of hepatic parenchyma [55]. Vegetables that growing on zinc contaminated soils can also cause serious health
risk to consumers due to accumulate of high concentrations of zinc in plants. The maximum zinc tolerance for human health
has been established for edible parts of crops according to WHO [56] for Zinc in vegetables is 100 pg g™.

Risk assessment

Lead is toxic to both animals and plants, although plants usually show ability to accumulate large amounts of lead
(Phytoaccumulation) without visible changes in their appearance or yield. In some plants, lead accumulation can be higher
than the threshold of maximum level permissible for human [57], thus its contamination of vegetables in Ishiagu and Uburu
communities. Although the maximum permissible limit of lead (Pb) has been established for edible plant parts according to
the WHO standards is 0.3 pg g™ WHO [56]. The result in TABLE 3 showed that there are higher concentrations of lead and
zinc vegetables in Ishiagu when compared to that from Uburu, this could be attributed to anthropogenic activity (mining of
lead) going on presently in Ishiagu. While the concentrations of lead in fruited pumpkin is higher in Uburu as when
compared with that from Ishiagu which might be as a result of the localization of the heavy metal in the environment TABLE
4,

TABLE 4. Shows the Daily Intake of Metals (DIM) and Health Risk Index of lead and zinc in both Ishiagu and Uburu

communities.

Variables Ishiagu Uburu

Lead (mg Kg'day™?) | Zinc (mg Kg'day™®) | Lead (mgKg'day?) | Zinc (mg Kg’day™?)

Daily Intake of Metals (DIM) 0.0012 0.0197 0.0008 0.0138

Health Risk Index (HRI) 0.0041 0.0002 0.0025 0.00014

In health risk determination of any pollutant, it is very important to estimate the level of exposure, by detecting the routes of
exposure to the target organisms [58]. There are different pathways and sources of exposure to humans of which the food
chain is the most important pathway. The daily intake of metals was estimated according to the average vegetable
consumption for the inhabitants of Ishiagu and Uburu which was calculated in TABLE 4. The DIM values for lead and zinc

were high when based on the consumption of vegetables grown in the sampled area.

The Health Risk Index (HRI) of lead and zinc where found to be less than one (1) which according to IRIS [34] declares the
exposed population safe. It is also worthy to note that vegetables are not the only source of pollution of these metals. In other
words, the pollution and the effect of these metals could be higher than the calculated results when all other sources of

pollution such as the concentration of these metals in water and air are put into consideration.

13
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Conclusions

Mining and quarrying of rocks in Ishiagu have been shown in this study to increase the levels of lead and zinc in the

environment. These also correlate to the increase of these metal in the vegetable cultivated along the mining sites. The results

have shown that the concentration of lead and zinc in both communities were higher than the permissible limits due to the

natural deposits of the metal in the soil. But the mining and quarrying activities in Ishiagu might be held responsible for the

increase concentration of these metal in the food chain. Since accumulation of metal is time dependent (i.e. depends on the

age of the plants) one could suggest that early harvest of the plant could help to reduce that amount of metals absorbed by the

plants. The inhabitants of both communities should be encouraged to take diets rich in vitamin C and E since they help in

chelating the metals and maintain membrane stability respectively. The monitoring of the environment should also be a

regular process as to establish when mining or quarrying should be terminated so as to save the environment from

degradation.
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