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Abstract

Ohaji Egbema is known for its oil production and exploration activities and so crops grown in this area could be
contaminated. Chemical speciation was carried out on four commonly grown food crops in the area so as to
determine the level of metal contamination. The samples were analyzed sequentially and the metal species in the
extract determined by ASS. Results revealed that mean concentrations of all studied metals to fall within the
WHO/FAO permissible limits. Significant bioavailability was observed for Pb in Okoro (0.67) and Orange (0.7). Zn
showed the highest concentration and its bioavailability was highest for Okoro (12.6)>Pawpaw (7.9)>Orange
(5.5)>Cassava (0.28). The sum of EDI for both adult and children exhibited similar trend with Cassava having the
least value in both adult and children. Though metals showed low values of EDI, excessive consumption can have
adverse effect in humans due to bioaccumulation in living system. Hazard Quotient (HQ) was highest for Pb (3.524)
in Pawpaw for children while Fe (0.705) was highest in Pawpaw for adult. Generally, HQ was found to be highest in
children for all the metals indicating great health risk for children. Risk associated with consuming these four fruit
crops in terms of summation of RAC revealed the order of decrease to be: Okoro (1620)>Pawpaw (1021)>Orange
(861)>Cassava (178). This study has shown that the consumption of these fruit crops could be a great health risk for
children.

Keywords: Fruit crop; Metal speciation; Bioavailability; Estimated
dietary intake; Hazard quotient

Introduction
Ohaji Egbema is known for its oil production and exploration

activities and so crops grown in this area could be contaminated.
Crops grown on soil will reflect the soil health in their products and so
soil is a vital tool aspect of agricultural activity [1,2].

The top soil on which crops grow is made up of heterogeneous
material such as decomposing plants and animals, inorganics, clay and
silt particles solutions and mixture of gaseous substances [3]. Soil is
exposed to atmospheric depositions from various human activities and
natural sources, such as eruption, erosion and runoff from rains. This
has earned soil the general name sinks and source of pollutants by
some researchers [4].

According to Ure [5], the term chemical speciation is the art of
identifying and quantifying the species and or phases of a substance be
it an element or compound. Researchers have shown that immense
and relevant information that could improve analytical methods, in
health sciences, food, agriculture and environmental issues can be
generated from speciation studies [6].

More recent researchers have defined speciation as the quantity or
descriptions of various forms of substances which finally sum up as the
amount of the substance in a matrix.

Barra [7] considered speciation as the surest method of assessing
toxicity of a substance because not all forms of a substance in a media
are available for absorption or uptake. However, little information

exists on chemical speciation of food substances and food crops
sample [8].

Various extraction procedures exist including single and multiple
extraction protocol being applied on every segment of the
environment. Data from such analysis are used to compute mobility
and bioavailability of metals [9-14].

Amongst the various factors that affect availability of mineral, the
plants specie or form of metal is paramount and so speciation analysis
is important in understanding mineral up and micro nutrients in
crops.

Heavy metals in soil exist in several different forms and are
associated with range of other components [15]. The accumulation of
metals in soil, particularly Pb, Cd, Cu, Ni, Cr and Zn is of concern
[16-19]. Heavy metals emanating from anthropogenic sources are
more dangerous because of their instability and solubility leading to
high bioavailability [20]. The various forms have been known to affect
uptake and hence bioavailability to crops [21,22].

Plants absorb mineral elements from soil and accumulate same in
tissues of roots, and shoots at various levels of concentrations.
Irrigation through contaminated water is one source of metal
contamination of crops and fruits around the world. Reports exist on
the various severe heavy metals contamination of agricultural products
[23-27].

Other sources of contamination of plants by heavy metals include;
rain in atmospherically polluted areas, high traffic density, fossil fuels
uses, dusts, fertilizers which could be adsorbed through leaf blades.
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Agricultural activities are major source of income for the
community people of Ohaji/Egbema. Since the dawn of oil exploration
in the area, land degradation by oil spills have cause decreasing
agricultural products thereby making agricultural activities less
attractive. Heavy metals abound in crude oil have been reported to be
a source of concern as contaminants to crops. Little information is
known about the level of contamination. Equally the risks of
consumption of crops grown in this area have not been investigated.
Hence the focus of this research was to assess metal contamination of
food crops and hazard quotient of selected food crops. Such as
information generated could be useful for policy makers in
environmentalist and health issues.

Selected fruits belong to the favourite list for both children and
adults and therefore attract great concern that toxic levels of heavy
metal in these fruits could attained as a result of crude oil pollution
which is rampant in the area. This study draws heavily on this fact to
investigate concentrations of Pb, Fe, Cu, Zn and Cr in Orange,
Cassava, Pawpaw and Okoro fruit at same time assessing the potential
risk to consumers of fruit crops grown in the area.

Materials and Methods

Study area
This study was carried out at Ohaji/Egbema local government area,

Imo State, Nigeria. Geographically, it lies within latitude 5°24'8.53" N

and longitude 6°49'28.24" E. Ohaji/Egbema shares boundary to the east
with Owerri, to the North with Oguta, to the South East with Ndori
River state. Many companies and organizations are located in Ohaji/
Egbema due to out exploration. Shell petroleum, Chevron, Agip and
numerous oil servicing compound are found amongst government and
non-governmental agencies farming, especially fish farming and
fishing are major occupations. The area has an area of 800 km2 and
over 182.538 million inhabitants. The area equally has Ada Palm Ltd,
rubber Estate and forest reserves which all contributes to its touristic
qualities.

Sample collection and preparation
Four fruit samples which include Orange (Citrus sinensis), Cassava

(Manihot esculenta), Okoro (Abelmoschus esculentus) and Pawpaw
(Carica papaya) were collected from Ohaji/Egbema local government
area with emphasis that they were grown in the area (Figure 1). The
choice of fruit species was based on their availability at the study area.
Fruit samples were gently washed under running tap water to remove
adhered soil particles and then rinsed with distilled water. The samples
were air dried to remove the residual moisture and then oven dried for
48 h at 80°C. Each sample was dried and after grinding with mortar
and pestle were sieved and the fine texture obtain was stored in an air
tight container awaiting analysis.

Figure 1: Dried samples of the selected food crops used for this study.

Metal speciation analysis
Two grams of each powdered fruit sample was weight out and

transferred in a 50 ml tube of polypropylene for centrifuge and
extraction was done according to the processes:

Water-soluble fraction (F1): Two grams of the meshed fruit sample
was extracted with 20 ml of deionised water for 2 hours.

Exchangeable fraction (F2): Into the residue of F1, 20 ml of 1 mol
L-1 MgCl2 was added and pH adjusted to 7 ad mixture allowed for an
hour.

Carbonate-bound fraction (F3): 20 ml 1 mol L-1 NH4OAc at pH 5
was added into F2 residue and was extracted for five hours.

Fe-Mn oxide-bound fraction (F4): Residue from F3 was extracted
with 20 ml 0.04 mol L-1 NH2OH.HCl in 25% (v/v) HOAc at 90°C and
agitated intermittently.

Organic-bound fraction (F5): 15 ml 30% H2O2 was added to F4
residue and at pH adjusted to 2 using nitric acid and allowed for five
and half hours at 85°C water bath. After cooling, 5 ml of 3.2 mol L-1

NH4OAc in 20% HNO3 was added and shaken for 30 minutes before
final dilution to 20 ml with deionised water.

Residual fraction (F6): Residue from F5 was digested using a HF-
HCI/HNO3 (hydrofluoric/aqua regia) digestion procedure and allowed
to stand for 30 minutes.

All the solid phases from F1 to F6 were washed with 10 ml of
deionised water before further extraction. The washes were collected
with supernatant from the previous fraction. After each extraction, the
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supernatant was separated by centrifugation at 10,000 rpm for 30
minutes.

Data analysis
Using SPSS version 18.0 the means, standard deviations and level of

significance were analyzed and results were reported as means ±
standard deviation of triplicate analysis. P- Values were calculated
using paired T-Test and at P<0.05 were regarded as being significant.
Coefficient of variability (CV) was calculated as in equation (1). Values
were ranked according to [28] where little variation (CV %<20),
moderate variation (CV % 20-50) and high variation (CV %>50) were
categories used in the present research.

CV=SDV/Xi × 100 (1)

Sum of fractions for each metal was ∑F(x) were obtained and used
as metal concentration in chemometric methods. Chemometric
methods used were estimated daily intake (EDI) and Hazard quotient
(HQ) for all samples.

Estimated Daily Intake (EDI): This is calculated using the
expression 2 in which metal contamination and amount consumed on
a daily basis are involved. Body weight can influence on the tolerance
of contaminant. EDI is a concept that takes account of these many
factors in estimating daily consumption of food [29].

EDI=(C × Cons)/BW (2)

Where, C- concentration of heavy metals; Cons- mean amount of
food item consumed daily; BW- body weight.

Experts have recommended a daily intake of at least 400 g of fruit
and vegetables [30]. Adult BW was set to 60 kg in this study [31]. In
the case of children, the mass was taken as 12 kg.

Hazard Quotient (HQ): Hazard Quotient estimates the extent to
which an adverse effect is observed or expected as a result of the
presence of a contaminant. It is calculated as in equation 3,

HQf=(Dif × Cmetal)/(RfD × BW) (3)

Where, Dif- daily intake of fruit (kg day-1); Cmetal- metal
concentration in each sample (mg kg-1); RfD- metal reference dose
considering oral intake only (mg kg-1/BW day-1); BW- human body
mass (kg).

RfD is used in EPA’s non-cancer health assessments. RfD for Cr (1.5
mg kg-1 day-1) [32], for Pb (0.0035 mg kg-1 day-1) [33]. RfD for
(Cu=0.04, Zn=0.3 µg g-1 day-1) [34], Fe is taken as 0.17 mg kg-1 day-1.

Results and Discussion

Crop Metal F1 F2 F3 F4 F5 F6 ∑F(x) Mean SDV CV

Cassava

 

Cu 0.11 0.32 0.21 0.2 0.23 0.22 1.29 0.22 0.07 31.8

Cr ND ND ND ND ND ND ND ND ND 0

Zn ND 0.13 0.15 0.2 0.15 ND 0.63 0.16 0.03 18.75

Fe 0.05 0.2 0.34 ND 0.03 0.5 1.12 0.22 0.2 8.6

Pb 0.05 0.2 0.03 0.15 0.42 0.26 1.11 0.19 0.15 78.9

Orange

 

Cu 0.35 0.28 0.15 0.18 0.23 0.47 1.66 0.23 0.12 52

Cr 0.7 ND ND 1 0.5 0.23 2.43 0.61 0.33 54

Zn 5.5 ND ND 4.3 2.5 1.5 6.8 3.4 1.27 37

Fe 0.05 0.23 0.68 0.15 0.25 0.45 1.66 0.33 0.24 72.7

Pb 0.15 0.29 0.23 0.3 0.25 0.2 1.42 0.24 0.06 25

Okoro

 

Cu 0.05 0.23 0.35 0.17 0.9 1 2.7 0.45 0.4 88.9

Cr 0.65 0.72 0.89 0.95 0.15 1.02 2.77 0.69 0.4 57.9

Zn 11.5 12.6 13.40 5.9 7.5 11.2 37.2 6.7 1.13 16.8

Fe 0.65 0.52 0.45 0.35 0.15 0.24 2.01 0.4 0.21 52.5

Pb 0.15 0.5 0.05 0.02 0.01 0.02 0.75 0.13 0.19 146.2

 Pawpaw

 

Cu ND 0.3 0.45 0.68 ND 0.79 2.22 0.56 0.22 39.3

Cr 0.8 0.15 0.06 0.18 0.78 0.63 2.54 0.6 0.29 48.3

Zn ND 1.4 6.5 ND 7.8 9.7 15.7 2.6 4.5 173.1

Fe 0.05 0.01 0.34 0.56 0.78 0.65 2.39 0.37 0.35 94.6
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Pb ND 0.01 0.2 0.05 0.03 0.06 0.35 0.07 0.08 114.2

Table 1: Heavy metal fractions (mg/kg) in the food crops.

Table 1 shows the concentration of Cu, Cr, Zn, Fe and Pb in
Cassava, Orange, Okoro and Pawpaw for their fruits in mg/kg. Lead
levels in all samples were below the FAO permissible limits of 0.3
mg/kg but the bioavailable lead for each fruit was above this limit only
for Okoro (0.7 mg/kg) and Orange (0.67 mg/kg). Divrikli attributed
serious body poisoning by Pb due to consumption of unwashed fruits,
water and inhalation of air [35]. Pb has been known to be toxic to red
blood cell, damages kidney, distort normal functioning nerves and
respiration in humans when compared with WHO/FAO results
obtained for all fruits compared well [36]. The mean concentrations
(mg/kg) of metal species are shown in Table 1. Results of speciation
analysis revealed highest value of mean concentration of metal species
to be Zn (6.70 mg/kg) in Okoro while same Zn (0.03 mg/kg) metal had
lowest value of mean concentration species overall in Cassava from
Ohaji Egbema in Imo State. Cassava showed not detected for all species
of Cr. It was believed that Cr species where bellow detection limit
rather than total absence of the metal since researchers [2,37] had
earlier detected Cr in the study area. The order of decreasing species
concentrations in the studied fruit crops were as follows:

Cassava: Cu>Fe>Pb>Zn, Orange: Zn>Cr>Fe>Pb>Cu, Orange:
Zn>Cr>Cu>Fe>Pb and Pawpaw: Zn>Cr>Cu>Fe>Pb.

The Coefficient of Variability (CV) of mean concentration metal
species of each fruit crop was and Cassava showed a range of 00% for
Cr to 78.9% in Pb, Okoro showed highest variability range of 16.8% in
Zn to 146.2% for Pb. Over all highest variability was observed in
Pawpaw (Cr: 39.3% to Zn: 173.1%). These trends revealed a striking
resemblance in metal species of Okoro and Pawpaw despite the fact
that Pawpaw had lower of species concentrations than Okoro.

Bioavailability of metals
0.64 mg/kg of Cu was found to be bioavailable for human

consumption. Mean species concentration of copper for all fruits crops

ranged from 0.215-0.555 mg/kg. The available copper for human
consumption in the Cassava sample was found to be slightly above the
WHO/FAO permissible limit for food. Besides other important
functions, Cu fine use as co-factor of many enzymes, maintenance of
healthy nervous system, protect against anemia and influence the
proper functioning of Zn and Fe in metabolism [38]. However,
research has shown deleterious effects due to high amounts of Cu in
the body to the extent that kidney and liver damages are traceable to
elevated copper concentrations.

The mean concentration of Zn in the tested sample ranges from
0.158-6.7 mg/kg, with Okoro having the highest concentration of Zn.
Bioavailable Zn in the tested sample ranges from 0.28-12.6 mg/kg with
Okoro having the highest bioavailable fraction of Zn in the four fruit
samples tested. However, it is observed that the level of bioavailable Zn
in all the samples was below the permissible limit of 99.4 mg/kg [39] of
Zn for food by the WHO/FAO and this is not acceptable as this is an
indication of Zn deficiency. Zn is an important element for both plants
and animals. It plays an important role in several metabolic processes,
it activates enzymes and it is involved in protein synthesis and in
carbohydrates, nucleic acid and lipid metabolism [25]. Its deficiency
may be due to inadequate dietary intake, impaired absorption,
excessive excretion or inherited defects in zinc metabolism [40].
However, high concentration of Zn can result to damage of the
pancreas, disruption of protein metabolism and arteriosclerosis [24].

From the result, the levels of Fe were found to be the lowest in all
tested samples ranging from 0.2 mg/kg to 0.4 mg/kg. The levels of Fe in
fruits samples were found to be within the WHO permissible limits.
The lowest concentration of Fe was observed in Cassava. Fe is an
important mineral found in animals and humans. Most of the Fe found
in the body is located in red blood cells as part of the hemoglobin. Fe
in excessive doses can lead to iron poisoning or toxicity.

Crop Metal  Bioavailable fractions
∑ (F1+F2+F3)

Non- bioavailable
metal ∑ (F4+F5)

Residual
fractions (F6) RAC (%) Significance

Cassava Cu 0.64 0.43 0.22 64 Very high risk

Cr  ND ND ND 0 No risk

Zn 0.28 0.35 ND 28 Medium risk

Fe 0.59 0.03 0.5 59 Very high risk

Pb 0.28 0.57 0.26 28 Medium risk

Orange Cu 0.78 0.41 0.47 78 Very high risk

Cr 0.7 1.5 0.23 70 Very high risk

Zn 5.5 6.8  1.50 550 Very high risk

Fe 0.96 0.4 0.45 96 Very high risk

Pb 0.67 0.55 0.2 67 Very high risk
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Okoro Cu 0.63 1.07 1 63 Very high risk

Cr 0.65 1.1 1.02 65 Very high risk

Zn 12.6 13.4 11.2 1260 Very high risk

Fe 1.62 0.5 0.24 162 Very high risk

Pb 0.7 0.03 0.02 70 Very high risk

Pawpaw Cu 0.75 0.68 0.79 75 Very high risk

Cr 0.95 0.96 0.63 95 Very high risk

Zn 7.9 7.8  9.70 790 Very high risk

Fe 0.4 1.34 0.65 40 High risk

Pb 0.21 0.08 0.06 21 Medium risk

Table 2: Distribution of bioavailability and RAC of metals in the four fruit crop.

Table 2 shows concentrations of bioavailable Pb in the fruits. The
mean concentration of Pb in the fruit samples ranges from 0.07 mg/kg
to 0.24 mg/kg. It was observed that the level of Pb recorded in the
sample were below the permissible limit of 0.3 mg/kg. Bioavailable Pb
in the fruit samples ranges from 0.21 mg/kg to 0.7 mg/kg. This level of
Pb available for plant and human consumption was found to be
highest in Okoro (0.7 mg/kg) and Orange (0.67 mg/kg). This high level
of Pb could also be attributed to air-borne contamination from leaded
fuels of vehicles and other anthropogenic activities. Pb being a serious
cumulative body poison enters into the body system through air, water
and food and cannot be removed by washing the fruits [35]. It has also
been found to be toxic to the red blood cell, kidney, nervous and
respiratory system [36]. Adequate chromium concentration in diets is
known to maintain sensitivity against insulin while Cr deficiency could
lead to diabetes and other metabolic syndromes. Mild deficiencies have
been reported to initiate blood sugar metabolic dysfunctions,
contributing to fatigue and anxiety. Chromium is equally toxic at high
concentrations, however the consumption of all four fruits are normal
quantities cannot produce high Cr in the body.

Figure 2: Pie chart showing the distribution of bioavailability of
metals in the four fruit crop.

Figure 2 above shows the bioavailability of metals in the four fruit
crop samples studied. Zn is the most bioavailable in Okoro, followed
by Pawpaw>Orange>Cassava). Zinc is highly regarded as an essential
mineral element due to its involvement in over 300 metabolic
reactions, in the synthesis of DNA, and its role in cell division, co-
factors in metabolism of protein, fats and carbohydrates and normal
maintenance of serum testosterone. When in high concentration Zn
can spring up strong negative affects due to the fact that ability to
suppress absorption of Cu and Fe. On the other hand, Zn deficiency
could lead to loss of weight, appetite, hair, retarded bones and low
blood pressure [41].
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Estimated dietary intake of metals from Crop sample

Metal Cassava Orange Okoro Pawpaw

 Adult Children Adult Children Adult Children Adult Children

Cu 0.0015 0.0073 0.0015 0.0077 0.003 0.015 0.0037 0.0187

Cr ND ND 0.0041 0.02 0.0046 0.023 0.004 0.02

Zn 0.0017 0.0053 0.0227 0.1133 0.0447 0.223 0.0173 0.087

Fe 0.0015 0.0073 0.0022 0.011 0.0027 0.0133 0.0025 0.0123

Pb 0.0013 0.0063 0.0016 0.008 0.0009 0.0043 0.0005 0.0023

ƩEDI 0.0053 0.0262 0.0321 0.16 0.0559 0.279 0.0279 0.1403

Max 0.0017 0.0073 0.0227 0.1133 0.0447 0.223 0.0173 0.087

Min 0.0013 0.0053 0.0015 0.0077 0.0009 0.0043 0.0005 0.0023

Hazard quotient of metals from Crop samples

Cu 0.037 0.183 0.038 0.192 0.075 0.375 0.0933 0.467

Cr ND ND 0.0027 0.0136 0.0031 0.0153 0.0027 0.0133

Zn 0.0036 0.0178 0.0756 0.378 0.149 0.744 0.058 0.289

Fe 0.0086 0.0431 0.0129 0.0647 0.0157 0.0784 0.705 3.524

Pb 0.362 1.8095 0.457 2.29 0.248 1.238 0.133 0.667

ƩHQ 0.4112 2.054 0.586 2.938 0.491 2.451 0.992 4.9603

Max 0.362 1.8095 0.457 2.29 0.248 1.238 0.705 3.524

Min 0.0036 0.0178 0.0027 0.0136 0.0031 0.0153 0.0027 0.0133

Table 3: Estimated dietary intake (mg/kg/BW day-1) and hazard quotient of metals from crop sample for adults and children.

The sum of the estimated dietary intake for the four fruit samples in
adult followed the trend Okoro (0.0447)>Orange (0.0227)>Pawpaw
(0.0173)>Cassava (0.0017) with Okoro being the highest and Cassava
the lowest (Table 3). Sum of EDI for children Okoro (0.2230)>Orange
(0.1133)>Pawpaw (0.0870)>Cassava (0.0073) had little slight changes
but Cassava still remains the lowest in children with Orange having the
highest level of EDI. Among the heavy metal toxic to living system, Pb
showed the following trend in adult, Cassava>Orange>Pawpaw>Okoro
with Cassava having the highest value of EDI with Okoro having the
least value. The highest value of EDI was observed in Zn for children
with value 0.223 mg/kg/BW day-1 in Okoro. Though Zn is an essential
element in both plant and animal system, in excess can pose serious
health hazard when accumulated in the body. These values though low
could constitute serious health hazard for consumers of fruit.

The bioavailable metals was the largest fraction is Cassava but
largest in Okoro whereas Orange and Pawpaw show comparable values
of bioavailable metal fraction. Amongst the three fractions the non-
bioavailable metal fraction was smallest in Cassava and Okoro and had
comparable values in Orange and Pawpaw.

It therefore means that consumption of much Okoro could possibly
increase Zn concentration in the consumer. Okoro is seasonal and so
its consumption is naturally regulated. This is not true about Pawpaw
which is cultivated all year round, while Oranges equally seasonal and

have become expenses to afford by average income earners in Nigeria.
The beauty in this result is that Zinc has lowest bioavailability in
Cassava which constitutes the stable food of larger population in
Nigeria thereby reducing possible Zn toxicity for most consumers.
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Figure 3: Bar charts for comparing estimated dietary intake of
metals of the selected food crops in adult and children.

Figure 4: Bar charts for comparing hazard quotient of metals of
selected food crops in adult and children.

Values of HQ for all fruit samples analyzed were compared in
Figures 3 and 4 for both children and adults. Considering Pb as most
toxic element in the list, HQ for Pb for the four fruit sample was found
to be greater than one, (EDIPb>1). Other metals with significant HQ
include Fe in Pawpaw and Zn in Okoro both occurring in children.
This is an indication of possible adverse health effect when consumed
by children. The rest of the metals had HQ less than 1 and in
particular, values of EDI for same metal in adult were less than 1 and
so consumption of these fruit crops by adults could be considered to

have no risk. The trend of increasing EDI for Pb in the four fruit
samples was as follows: (Pawpaw>Okoro>Cassava>Orange).

Generally, the HQ value for metals analyzed in the four fruit
samples were found to be higher in children when compared to the
values observed in adult. The trend of decreasing HQ in children was
observed to be HQPawpaw (4.9603)<HQOrange (2.938)<HQOkoro
(2.4510)<HQCassava (2.0540). In adults decreasing values of HQ was
observed to be HQPawpaw (0.9920)<HQOrange (0.5860)<HQOkoro
(0.4910)<HQCassava (0.4120).

Risk assessment code
The model assumes that the most bioavailable fractions are likely to

be absorbed into the body system hence cause toxicity to the
consumer. Therefore summing the first three fractions and expressing
them as a percent risk is the basic tenet of RAC. Five categories are
employed in the interpretation of the model results In Table 2 as
follows; no risk: RAC>1, low risk: 1<RAC>10, medium risk:
11<RAC>30, high risk: 30<RAC>50, very high risk: RAC<50 [28].

Figure 5: Pie charts for comparing RAC of metals various food
crops.

Among all four food crops there was no risk of Cr only in Cassava
(Figure 5). There were generally low values of RAC for Cassava
compared to other fruit crops. Okoro showed highest values of RAC
with Zn (1260) being the most risky metal while all metals Okoro and
Orange showed very high risk. There were cases of medium risk in Pb
and Fe in Pawpaw and Cassava respectively. The order of decreasing
risk associated with consuming theses four fruit crops in terms of
summation of RAC was found to be Okoro (1620)>Pawpaw
(1021)>Orange (861)>Cassava (178).

Conclusion
Among all the four fruit samples analyzed, Pawpaw was found to

have the highest HQ value in children. As expected values of HQ
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obtained in the current study were higher in children compared to
those for adult. However children are most at risk as confirmed with
the HQ value of the present study. On the basis of RAC Okoro was
adjudged the most risky fruit overall while Cassava was the lowest. The
consumption of these fruits by children in the area should be highly
minimized so as to prevent adverse health effect. It is therefore
recommended that fruit crops from the study area be consumed
majorly by adults.
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