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ABSTRACT

The cultivation and consumption of vegetables (mainly lettuce) from farm-land in Mubi environs is of major
public health concern. This study was performed to assess the bio accessibility and biodistribution analysis of
some heavy metals in lettuce (Lactuca sativa) obtained from the three different irrigated dumpsites (Wuro-
Alkali, Wuro-Gude and Mayanka). Using in vivo based method, a total of 15 rabbits were used and were
randomly assigned to cages with five rabbits per cage. The rabbits were fed with lettuce harvested from the
irrigated farm-lands for this experiment. The lungs, kidney and liver of the experimental animals were harvested
and analyzed for cadmium (Cd), zinc (Zn), Iron (Fe), magnesium (Mg), chromium (Cr), manganese (Mn), lead
(Pb) and copper (Cu) using Atomic Absorption Spectrophotometer (AAS).The values of Fe and Cr in kidney
of Wuro-Alkali, Wuro-Gude and Mayanka are above the control values of Fe 3.63+0.04 mg/kg and Cr
0.0740.01 mg/kg. Similarly, the value of Cr in lungs at the three dumpsites are below the control value of
0.16+0.01 mg/kg. Also, the value of Fe and Cr in liver at the three dumpsites are above the control value of Fe
0.71+0.03 mg/kg and the value of Cr in lungs at the three dumpsites are below the control value of 0.03+0.01
mg/kg. Heavy metals concentration in these dumpsites may not appear to pose very serious environmental
problems at the moment. However, accumulation of these metals after several years may pose a threat to human

health and the environment.
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INTRODUCTION

The use of dumpsite soils as organic manure is widely spread
in Mubi, Adamawa state, Nigeria. This practice has been
shown to improve soil properties such as organic matter,
nutrients, porosity, aggregate stability, bulk density and water
retention, and as a result, increase plant productivity
(Ogunyemi et al., 2003, Oluyemi et al., 2008). It is however
a known fact that some of the waste products contain
hazardous metals such as Ni, Pb, Cd, Zn, and Hg (Olarinoye
et al.,2010), which perturb the distribution and concentration
of these metals in the environment.

Heavy metals pollution of agricultural soil and vegetables is
one of the most severe ecological problems on a world scale
(Ahmad and Goni 2010) because of their toxicity for plant,
animal and human beings, and their lack of biodegradability
(Li et al., 2006; Jang et al., 2006; Zhuang et al., 2009). Heavy
metals are ubiquitous in environment and it has been
exceeded due to both natural and anthropogenic sources
(Harmanescu et al., 2011). It poses potential threats to the
environment and can damage human health through various
absorption pathways such as direct ingestion, dermal contact,
diet through the soil-food chain, inhalation and oral intake
(Park et al., 2004; Al-Saleh et al., 2004; Komérek et al., 2008;
Lu et al., 2011).

Lettuce is the common term for any plants of the genus
Lactuca of the flowering plant family Asteraceae (or
alternatively, compositae), and especially refers to plants of
the commercially important species Lactuca sativa. The term
lettuce also is used to refer to the edible, succulent leaves of
L. sativa, also may be eaten cooked. The word sativa means
“common “(Katz and Weaver 2003). Lettuce is low in calorie
and is a moderate source of fiber; it has essentially no fat or
protein, and is considered a relatively low to moderate source
of vitamins and minerals (Katz and Weaver, 2003).

In many developing countries it is a common practice to grow
vegetables along banks of rivers passing through urban

centers. Water of such rivers has often been reported to be
polluted by heavy metals (Mashauri and Mayo, 1990; Kashem
and Singh, 1999; Othman, 2001). The uptake and
bioaccumulation of heavy metals in vegetables is influenced
by many factors such as climate, atmospheric depositions, the
concentrations of heavy metals in soils, the nature of soil and
the degree of maturity of the plants at the time of the harvest
(Scott et al., 1996; Voutsa et al., 1996). Air pollution may
pose a threat to post-harvest vegetables during transportation
and marketing, causing elevated levels of heavy metals in the
vegetables, (Sharma et al., 2008a). Elevated levels of heavy
metals in vegetables are reported such as long term uses of
treated and untreated waste water (Adeniyi, 1996; Sinha et al.,
2005; Sharma et al., 2006 ). Other anthropogenic sources of
heavy metals include the addition of manures, sewage sludge,
fertilizers and pesticides which may affect the uptake of heavy
metals by modifying the physico-chemical properties of the
soil such as pH, organic matter, bioavailability of heavy
metals in the soil (Yusuf and Osibanjo, 2006). Cultivation
areas near highways are also exposed to atmospheric pollution
in the form of metal containing aerosols. These aerosols can
be deposited on soil and absorbed by the vegetables or
alternatively deposited on the leaves and fruits and then
absorbed (Edem et al., 2009).

Prolonged consumption of unsafe concentrations of heavy
metals through foodstuffs may lead to the chronic
accumulation of heavy metals in the kidney and liver of
humans causing disruption of numerous biochemical
processes, leading to cardiovascular, nervous, kidney and
bone diseases (WHO, 1992; Jarup, 2003).

The intake of heavy metal can lead to altering of humans and
animals healthy state. Thus, the carcinogenic effects
generated by continuous consumption of fruits and vegetables
loaded with heavy metals such as Cd, Pb or even Cu and Zn
are known. These heavy metals may lead to gastrointestinal
cancer (Trichopoulos et al., 1997; Turkdogan et al., 2002) and
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IN VIVO BIOACCESSIBILTY AND BIODISTRIBUTION

cancer of the pancreas, urinary bladder or prostate (Waalkes
and Rehm, 1994). The sad thing about the pollution of the
environment with heavy metals is that they can only be
transformed from one oxidation state or organic complex to
another ( Jing et al., 2007; Lone et al., 2008 ). Once the
environment becomes polluted with heavy metals, it begins
its journey to man’s body ( Okoronkwo et al., 2005; Islam et
al., 2007) by been readily absorbed by plants which are
subsequently consumed by man.

Lettuce and radish were found to be more responsible than
other vegetables for the accumulation of heavy metals in
humans through the edible portion (ltanna, 2002). The
consumption of lettuce has become very popular in most
urban centers in Mubi, Adamawa State, Nigeria.

Heavy metal contamination of vegetables cannot be
underestimated as these foodstuffs are important components
of human diet. However, intake of heavy metal contaminated
vegetables may pose a risk to the human health. For these
reasons, the in vivo bioaccesibility and biodistribution

FJS

analysis of heavy metals and their potential health impact to
the communities was investigated and presented in this study.
The aim of this research is to assess the in vivo bioaccessibility
and absorption of the extractable heavy metals using in vivo
based method and also the biodistribution of heavy metals in
the liver, kidney and lungs of rabbit’s model.

MATERIALS AND METHOD

Study Area

Mubi North is among the 21 Local Government Areas of
Adamawa State and is located on latitude 11°5'N and
longitude 13°5E. It has altitude of 696 m above sea level with
an annual mean rainfall of 1,220mm and a mean temperature
of 15.2°C during hamattan periods from November to
February and temperature of 39.7°C. The town is essentially
a mountainous landscape transverse by river Yedzaram and
many tributaries. The Mandara and Adamawa Mountains
formed part of this undulating landscape (Mansir, 2006).
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Figure 1: Map Showing the Three Different Sample Locations

Sample Collection

Vegetable samples were collected from Wuro-Gude (WG),
Wuro-Alkali (WA) and Mayanka (MY) dumpsites. The sites
were commercial vegetable farms and are considered one of
the most important sites that supply vegetable to markets
within the town and beyond.

Ashing of Vegetable Samples

Vegetable samples were digested using the dry ashing method
(Alam et al., 2013). Then 0.5 g of grounded powder samples
was weighed and transfer to a clean crucible, which was label
according to the sample number, and dry-ashing process was
carried out in a muffle furnace by stepwise increase of the
temperature up to 550 °C and was then left to ash at this
temperature for 6hrs (Kalagbor and Diri, 2014). The samples
were removed from the furnace and allowed to cool in the
hood carefully. The ash was wet with 1ml distilled water and
2.5ml conc. HCI was added. It was then cooled and filtered
using Whatman No.1 filter paper. The filtered samples were
diluted up to mark of 100 ml.

In Vivo Animal Study and Treatment

A total of 15 rabbits weighing about 1000-3000g were used
for this study. The rabbits were randomly selected and
distribute into three study groups, and the rabbits were
accommodated under standard condition. All the animals
were under 12-hours dark-light cycle with regulated
temperature. Clean tap-water and lettuce from different
dumpsite were provided throughout the study period
(Bwatanglang et al., 2017)

In Vivo Experiment of Heavy Metals Exposure

Rabbits were used for in vivo study to determine the
bioaccessibility of heavy metals. The research problem that
leads to this research is that the cultivation and consumption
of vegetables (mainly lettuce) from farm in Mubi environs is
of major public health concern and the major source of
irrigation water is from untreated source and lettuce is one of
the commonest vegetables that are cultivated within this
suburb of Mubi community. The rabbits were randomly
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assigned to cages with five rabbits per cage. Following fasting
overnight, the rabbits were weighed and three were used as
control while the others were feed with lettuce for two weeks
and allowed to drink tap water. At the end of the 14-days
period, the rabbits were fasted overnight, weighed and
slaughtered. Kidney, lungs and liver samples were collected,
which were stored in a plastic bag. All wet samples were
immediately store at 80 °C prior to digestion. (Shuo et al.,
2019)

Statistical Analysis

Statistical analysis used for the data analysis include
application of descriptive statistic for deducing minimum,
maximum and mean concentration of detected metals and
corresponding standard deviation, data were expressed as
Mean + SD. One-way analysis of variance was performed
and the significance were set at p < 0.05.

Biodistribution/Bioaccesibility of Heavy Metals in Liver,
Kidney and Lungs

Biodistribution is a method of tracking where compounds of
interest travel in an experimental animal or human subject.
Before running the digestion, the organs were weighed and
immersed in a solution containing 7 ml of 70% HNOs acid
and 1 ml of 30% H20.. (JHD-Guangdong Guanghua
Chemical Factory Co. Ltd. Shantou, Guangdong, China,
515000). The following day, the organs were then digested by
heating at temperature of ~100 °C. After the digestion, 3 ml
of two percent HNOs solution was added and the level of the
heavy metals were quantified using Atomic Absorption
Spectrophotometer (AAS) (Bwatanglang et al., 2017)

The bioaccessibility (%) of heavy metals was calculated by
dividing the extractable heavy metals in the organs of the in
vivo method by total heavy metals in the lettuce.

FJS

Biodistribution of Heavy Metals in Organs of Rabbits Fed
with Lettuce from Wuro-Alkali
The graph in Figure 2 shows the results for the mean
concentration of elements in lungs, kidney and liver of rabbits
fed with lettuce obtained from Wuro-Alkali dumpsite. It can
be seen from the result that the element with the highest value
in liver is Fe with 4.70 + 1.78 mg/kg and the element with
lowest value is Cd with value 0.21+0.02 mg/kg. The control
value has Cd 0.05+0.01 mg/kg and Fe 0.71+0.03 mg/kg. The
difference in concentration of these elements may be as a
result of heavy metals obtained from the dumpsite.

In kidney, the highest element is Fe with the value of
6.88+3.06 mg/kg and the element with the lowest value is Pb
with value of 0.15+£0.09 mg/kg. The control value has Cr
0.07+0.01 mg/kg as the lowest value and Fe as the element
with the highest value of 3.63+0.04 mg/kg. The difference in
these values may be as a result of the accumulation of
elements in the dumpsite.

In lungs, the element with the lowest value is Cr with value
0.1340.00 mg/kg and the element with the highest value is Fe
with 5.35+1.91 mg/kg. The control value has Cr with the
lowest value 0.16+0.01 mg/kg and Fe with the highest
3.0740.01 mg/kg. The difference in these values may be as a
result of heavy metal accumulation in the dumpsites.

From the results, it might be concluded that the liver is the
primary organ for the bioaccumulation of heavy metals. The
levels of Fe in the different tissues in rabbits are mainly due
to the presence and metabolism of haemoglobin. The liver has
a vast vascular network where blood passes through. Iron
released from the breakdown of haemoglobin, as well as
excess Fe found in the body is stored and detoxified (Avenant-
Oldewage and Marx, 2000). Rabbits fed with lettuce from
dumpsite soils accumulated elevated Fe, Cr, and Cd in liver,
kidney, and lungs compared to controls. The liver showed the

Bioaccessibility (%) = £ractablemetal o q5q (1) highest metal loads, confirming it as the primary organ for
total metal heavy metal bioaccumulation due to its vascular network and
storage functions. These findings align with recent studies
(Naveenkumar et al., 2026; 2025 Pakistani rat model)
RESULTS AND DISCUSSION showing similar organ-specific accumulation patterns from
contaminated feed.
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Figure 2: Mean Concentration of Heavy Metals in Lungs, Kidney and Liver

Biodistribution of Heavy Metals in Organs of Rabbits Fed
With Lettuce from Wuro-Gude

Figure 3 shows the results for the mean concentration of
elements in lungs, kidney and liver of rabbits fed with lettuce

obtained from Wuro-gude dumpsite. From the result, it can be
seen that Cr have the least value of 0.07 + 0.05 mg/kg among
the elements and Fe has the highest value of 4.11 + 1.33
mg/kg among the elements. From the control, Cr has the least
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value of 0.03 = 0.01 mg/kg and Fe has the highest value of
0.71 = 0.03 mg/kg. The difference in these values may be as
a result of accumulation of heavy metals in the dumpsite.

In kidney, the element with the lowest value is Cr with the
value of 0.03 = 0.00 mg/kg and the element with the highest
value is Fe with 9.41 + 1.26 mg/kg. The control value has Cr
with lowest value of 0.07 + 0.01 mg/kg and Fe with the
highest value of 3.63+0.04 mg/kg. The difference in these
values may be as a result of accumulation of heavy metals in
the dumpsite.

In lungs, Cr is the least of the elements with value of 0.06 +
0.00 mg/kg and Fe has the highest value of 5.68 + 4.13 mg/kg.
From the control, it can be seen that Cr has the least with
0.16+0.01 mg/kg and Fe has the highest value of 3.07 £ 0.01

FJS

mg/kg. The difference in these values may be as a result of
accumulation of these metals in the dumpsite.

High concentration of Fe particularly in the kidney may be as
a result of the slow elimination rate of Fe by the rabbits once
it has accumulated (Avenant-Oldewage and Marx, 2000).
Rabbits fed with lettuce from Wuro-Gude dumpsite showed
Fe as the highest accumulated metal in liver, kidney, and
lungs, with kidney recording the peak (9.41 mg/kg), likely due
to slow Fe elimination. Chromium was consistently lowest
across organs, falling below control values in lungs. Recent
studies (Hao et al., 2025; El-Maleh et al., 2025) confirm that
Cr accumulates in rabbit tissues causing hepatic injury, while
Fe dominance reflects physiological storage. The kidney
emerges as the primary target organ for heavy metal
accumulation, consistent with current literature.

wuro gude

E;
?o 10
£ 9
76-’ 8
S 7
©
S 6
c
§ 5
8 4
s 3
o 2
= 1
0

W Lungs

Kidney

Cd Zn Fe Mg

Cr Mn Pb Cu

Liver

Figure 3: Mean Concentration of Heavy Metals in Lungs, Kidney and Liver

Biodistribution of Heavy Metals in Organs of Rabbits Fed
with Lettuce from Mayanka

The graph in Figure 3.3 shows the result of the
Bioaccessibility and biodistribution of heavy metals in lungs,
kidney and liver of rabbits fed with lettuce obtained from
mayanka dumpsite. It can be seen from the graph that the
value of Cr is the least in liver with the value of 0.09+0.06
mg/kg and the one with the highest value is Fe with the value
5.64+2.43 mg/kg. Comparing with the control value
0.03+0.01 mg/kg, it can be concluded that the value of Cr and
Fe in the liver of the rabbits fed with lettuce from mayanka
dumpsite is higher than the control value.

In kidney, it can be seen that Cr has the lowest value of
0.11+0.01 mg/kg and Fe has the highest mean concentration
of 6.82+2.35 mg/kg. The control value has Cr 0.07+0.01
mg/kg as the lowest value and Fe has the highest value of
3.68+0.04 mg/kg. It can be seen that, the value of Cr and Fe
in the kidney of rabbits fed with lettuce from mayanka
dumpsite is higher than the control value. The reason may be
that, the values of these elements are high in the dump site.

In lungs, it can be seen that Cr has the lowest value of
0.11+0.08 mg/kg and Fe with the highest value of
3.39£1.28mg/kg. The control has Fe with the highest value of
3.07£0.01 mg/kg and lowest with Cr with the value of
0.16+0.01 mg/kg. It can be concluded that, in lungs the
concentration of Fe is higher than the one of control and Cr is
less than the value in control. This may be as results of
accumulation of heavy metals in dumpsite.

However, the accumulation of Fe and Cr in the liver reinforces
the view that the liver plays a protective role against chronic
heavy metal exposures by producing metallothioneins acting
as a storage site, and being a vital organ in the regulation of
heavy metals (Avenant-Oldewage and Marx, 2000). At the
Mayanka dumpsite, Fe accumulated highest in rabbit liver,
kidney, and lungs (peak 6.82 mg/kg in kidney), while Cr was
lowest, confirming the liver as a storage organ and kidney as
a major target. Recent studies (Hao et al., 2025; El-Maleh et
al., 2025; Capcarova et al., 2024) confirm that dumpsite-
derived Cr and Fe accumulate in rabbit tissues, inducing
hepatorenal toxicity even at low levels.
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Figure 4: Mean Concentration of Heavy Metals in Lungs Kidney and Liver

Bioaccessibility Studies of Heavy Metals in Organs

Bioaccessibility is defined as the proportion of a pollutant that
can be dissolved in the gastrointestinal environment,
indicating the relative amount of pollutant in the matrix that
can be absorbed by the body, and higher Bioaccessibility
indicate greater potential for absorbing pollutant. The heavy
metals in the vegetables enter the body through
gastrointestinal tract, and cannot be 100% absorbed by the
digestive system. Therefore, the health risk of heavy metals
could be overestimated if the total content of the heavy metals
is used to carry out risk assessment instead of the total
absorption content. Thus, Bioaccessibility may be more
accurate in assessing risk of heavy metals in vegetables.
Common method for determining Bioaccessibility of heavy
metals in in vivo experiment in this case, animal model was
used to mimic the gradual transfer of ingested compound
through the digestive tract, this method has been used to
assess the risk of heavy metals in food. (Huang et al., 2016)
Studies have shown that the biochemical prosperities of heavy
metals at various digestive stages are related to the
characteristics of the heavy metals. Figure 3.4 shows the
graph of Bioaccessibility of heavy metals in the organs. From
the graph of in vivo experiment, the Bioaccessibility of heavy
metals for wuro-Alkali ranges from 0.25% - 51.08%, Wuro-
Gude ranges from 0.45% - 54.75% and for Mayanka it ranges
from 0.53% - 57.88%. Magnesium is having the highest %,

70
60
50
40
30
20

L

TR

Zn

Bioaccessibility %

10

Cd Fe

=—f=\WVA

Mg

indicating that the vegetables could not dissolved by the
digestive fluid.

If metals have high percentage (%) of bioaccessibility, it
means that they are highly accessible in the stomach to be
absorbed. The absorbed metals can be transported to organs
tissues and can be accumulated causing toxic effect. On the
other hand, low % of Bioaccessibility indicates that the metals
are not readily accessible in the human digestive system. A
study reported by Barsby et al., 2012 shows that the
bioaccessibility of Cd was the lowest compared to other toxic
metals. The high Mg % bioaccessibility in the three dumpsites
in this study may be influenced by the sewage irrigation and
fertilization of the dumpsites and also the sewage effluents are
considered not only a rich source of organic matter and some
nutrients, but these also elevate the level of heavy metals
(Singh et al., 2010). Bioaccessibility measures the fraction of
a pollutant dissolved in the gastrointestinal tract, with higher
values indicating greater absorption potential. Using total
metal concentrations overestimates health risk, making
bioaccessibility-corrected assessment more accurate. In this
in vivo rabbit study, bioaccessibility ranged from 0.25%—
57.88% across dumpsites, with magnesium (Mg) showing the
highest percentage, indicating poor dissolution by digestive
fluids. High Mg bioaccessibility may be influenced by sewage
irrigation and fertilization (Singh et al., 2010). Conversely,
low Cd bioaccessibility has been reported (Barsby et al.,
2012), suggesting metal-specific digestive behavior.
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Figure 5: Bioaccessibility Studies of Heavy Metals in the Organ
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Organ Weight and Organ-to-Body Weight
Table 1: Organ Weight and Organ-to-Body Weight at Endpoint (Day 14)
Body Weight (g) Organ weight (g) Organ weight/Body
Liver Lungs Kidney Liver Lungs Kidney
Control 3036.6+450.14 60.00+43.58 60.00+10.00 63.33+23.09 0.019 0.019  0.020
GA 2077.5+411.93 50.00+32.65 27.50+15.00 30.00+24.49 0.024 0.013  0.014
GB 2875.0+457.34 50.00+29.43 25.00+17.32 35.00+£12.90 0.017 0.008  0.012
GC 2425.0+320.15 35.00+37.85 15.0045.77 25.00+17.32 0.014 0.006  0.010

GA represent rabbits fed with lettuce from Wuro-Alkali, GB; Wuro-Gude and GC: Mayanka

From Table 1, the average body weight of group A feed with
lettuce from Wuro-Alkali was found to be 2077+411.93 g
after 14 days and the average body weight of group B that was
fed with lettuce from Wuro-Gude was found to be 2875.0
457.34 g and also the average body weight of group C fed
with lettuce from Mayanka was found to be 2425.0 + 320.14
g. It can be seen that when compared with the control group
body weight 3036.6 + 450.14 g, all the body weight of the
groups were found to be less than the control value. Among
the three groups, group B has the highest body weight and
group A with the least body weight. The reason for the
differences in the body weight may be due to the lettuce eaten
from the different dumpsites and also consistency in same
diet.

From the table, the control values of the organ - to - body
weight of liver, lungs and kidney were found to be ( 0.019,
0.019, 0.020) respectively. For group A , the organ-to-body
weight were found to be (0.024, 0.013, 0.014) respectively
and for group B, the organ-to- body weight were found to be
(0.017, 0.008, 0.012) respectively and also for group C, the
organ-to-body weight were found to be (0.014, 0.006, 0.010)
respectively. It can be seen from the table that the value of
organ-to-body weight of liver in group A was found to be
above the control group and group B and C were below the
control value. The reason why the organ-to-body weight of
liver in group A is high, may be due to the accumulation of
heavy metals from the dumpsite and also from the table, it can
be seen that the organ-to-body weight value of lungs in the
three groups were found to be less than the one obtained in
the control value. Likewise for the kidney, the value of organ-
to-body weight within the three groups was found to be less
than the one obtained in the controlled. The reason for this
may be due to the less accumulation of heavy metals in the
dumpsite compared to the controlled value. Rabbits fed
dumpsite-grown lettuce (Groups A, B, C) showed
significantly lower final body weights (2077-2875 g)
compared to controls (3036.6 g), consistent with studies
reporting reduced growth performance following heavy metal
exposure (Hao et al., 2025). Group A exhibited an increased
liver-to-body weight ratio (0.024 vs. control 0.019),
indicating possible hepatotoxicity, while lung and kidney
ratios decreased across all exposed groups findings that align
with organ weight alterations observed in rabbits exposed to
environmental metal mixtures (Naveenkumar et al., 2026).

CONCLUSION

From the studies, all the three dumpsites contained virtually
all the heavy metals studied. It was also observed that some
dumpsites had higher concentration of these metals than
others; this could be attributed to the presence of waste
materials carrying higher amounts of these heavy metals.
Heavy metals concentration in these dumpsites may not
appear to pose very serious environmental problems at the
moment. However, accumulation of these metals after several
years may pose a threat to human health and the environment.

REFERENCES
Adeniyi, A.A., (1996). Determination of cadmium, copper,
iron, lead, manganese and zinc in water leaf (Talinum

triangulare) in  dumpsites. International  Journal
Environment, 22: 259-262.|
Ahmad, JU. and Goni, M.A. (2010). Heavy metal

contamination in water, soil, and vegetables of the industrial
areas in Dhaka, Bangladesh. Environmental Monitoring and
Assessment 166: 347-357.

Akan, J. C., Abdulrahman, F. I., Ogugbuaja, V. O. and
Ayodele, J. T. (2009). Heavy Metals and Anion Levels in
some samples of Vegetables grown within the Vicinity of
Challawa Industrial

Alam, M.G., Snow, E.T. and Tanaka, A. (2003). Arsenic and
heavy metal contamination of vegetables grown in samta
village, Bangladesh. Science Total Environment, 308(1-3),
83-96.

Al-Saleh, 1., Shinwari, N., El-Doush, I., Biuedo, G., Al-
Amodi, M. and Khogali, F. (2004). Comparison of mercury
levels in various tissues of albino and pigmented mice treated
with two different brands of mercury skin-lightening creams.
Biometals 2: 167-175.

Avenant - Oldewage A, and Marx, H. M. (2000).
Bioaccummulation of chromium, copper and iron in the
organs and tissues of clarias gariepinus in the Olifants River,
Kruger National Park. ISSN 0378-4738 = Water S.A Vol.26
No.4

Barshby, A., McKinley, J. M., Ofterdinger, U., Young, M.,
Cave, M. R., and Wragg, J. (2012). Bioaccessibility of trace
elements in soils in Northern Ireland. Science of The Total
Environment, 433, 398-417.

Bwatanglang, I. B., Garba, S. H., Lynna, I.D., Shinggu, D. Y.,
Magili, S. T and Musa. Y (2017).Systemic Effects of
Nigerian Bituminous Coal Fly Ash in Albino Rats: Serum
Biochemistry and Histopathological Evaluation.
International Journal of Biochemistry Research and Review
20(2): 1- 10

Edem, O., Dosunmu, C., Miranda, |., Bassey, I. (2009).
Distribution of Heavy Metals in leaves, stems and Roots of
Fluted Pumpkin (Telfeiria occidentalis). Pakistan Journal of
Nutrition Volume 8 Do; 10.3923/pjn.

El-Maleh, C., Yunas, A., and Khaled, F. (2025). The Effects
of Chromium and Tin Present in the Environment and
Seawater on  Biochemical Parameters in  Male
Rabbits. AlQalam Journal of Medical and Applied Sciences,
8(1), 14-21.

FUDMA Journal of Sciences (FJS) Vol. 10 No. 6, March, 2026, pp 103 — 110



IN VIVO BIOACCESSIBILTY AND BIODISTRIBUTION

Freig, D.l., T.M. Reid and L.A. Loeb, (1994) .Reactive
oxygen species in tumorigenesis. Cancer Research., 54 : 1890
- 1894.

Gibb, H. and C. Chen, 1989. Evaluation of issues relating to
the carcinogens risk assessment of chromium. Science of the
Total Environmental Journal, 86: 181 — 186

Hao, X., Liu, K., Zhu, L., Rong, L., Jiang, D., and Bai,
L. (2025). Migration and risk assessment of heavy metals
from swine manure in an organic fertilizer - soil - ryegrass -
rex rabbit system: Based on field trials. The Science of the
Total Environment, 959, 178332.

Harmanescu, M., Alda, L. and Bordean, D. (2011). Heavy
metals health risk assessment for population via consumption
of vegetables grown in old mining area; a case study: Banat
County, Romania. Chemistry Central Journal 5(1): 64.

Hartwig, A. (1998). Carcinogenicity of metal compounds:
Possible role of DNA repair inhibition. Toxicol. Lett., 102-
103: 235-239.

Huang I, Zhou Cu, Chen Zi Zhang (2016). Advances in the
study of in vitro simulation Bioavailability of heavy metals in
soil and crops. Journal of Yangtze University, 42-7(Natural
sciences Edition.)

Islam, E.U., X. Yang, Z. He and Q. Mahnmood, (2007).
Assessing potential ditary toxicity of heavy metals in selected
vegetables and food crocks. Journal of Zhejiang Universal
Science., 8: 1-13.

Itanna, F. (2002). Metals in leafy vegetables grown in Addis
Ababa and toxicological implications. Ethiop. I. Health Dev.
16(3):295-302

Jang, C.S., Liu, C.W., Lin, K.H., and Wang, S.W. (2006).
Spatial analysis of potential carcinogenic risks associated
with ingesting arsenic in aquaculture tilapia (Oreochromis
mossmbicus) in black foot disease hyperendemic areas.
Journal of Environmental Science and Technology 40 (5):
11707 - 11713.

Jarup, L. (2003). Hazards of heavy metals contamination,
Impact of Enviromental pollution on health, Balancing risk.
British Medical Bulletin, 68:167-182.

Jing, Y.D., Z.L.He and X.E.Yang. (2007). Role of soil
rhizobacteria in phytoremediation of heavy metal
contaminated soils. Journal of Zhejiang Universal Sciences.
B, 8: 192 -207.

Kashem, M.A. and B.R. Singh, (1999). Heavy metal
contamination of soil and vegetation in the vicinity of
industries in Bangladesh. Water Air Soil Pollution 115: 347-
361.

Katz, S. H., and Weaver W.W. (2003). Encyclopedia of Food
and Culture. New York; Schribner. ISBN 0684805685

Kim, S., Arora, M., Fernandez, C., Landero, J., Caruso, J.,
Chen, A. (2013) Lead,Mercury and Cadmiun exposure and
attention deficit hyperactivity disorder in Children. Journal of
Environmental Research.

FJS

Klaus-J.A. (2010). Definition of “Heavy Metals” and their
role in biological systems. In: Sherameti, I. & Varma, A.
(eds.) Soil Heavy Metals, Soil Biology. Germany: Springer
Verlag Berlin Heidelberg

Ladipo, M. K. and Doherty, V. F. (2011). Heavy Metals
Levels in Vegetables from selected Markets in Lagos,
Nigeria. African Journal of Food Science and Technology.
2(1): 018 - 021

Li, J., Xie, ZM., Xu, J.M. and Sun, Y.F. (2006). Risk
assessment of safety of soils and vegetables around a
lead/zinc mine. Journal of Environmental Geochemistry and
Health 28: 37 - 44.

Lone, M.l. Z., He, P.J., Stoffella and X. Yang, (2008).
Phytoremediation of heavy metal polluted soils and water:
Progresses and perspectives. Journal Zhejiang Universal
Science. 9: 210 - 220.

Lu, Y., Yin, W., Huang, L.B., Zhang, G.L. and Zhao, Y.G.
(2011). Assessment of bio-accessibility and exposure risk of
arsenic and lead in urban soils of Guangzhou City, China.
Journal of Environmental Geochemistry and Health 33: 93-
102.

Mansir, M. (2006).Livestock Marketing and Transportation in
Nigeria.Expro@erols.com

Mashauri, D.A. and A. Mayo, (1990). The Environmental
impact of Industrial and Domestic Wastewaterin Dar Es
Salaam. In: Environmental Pollution and its Management in
East Africa, Khan, M.R. and H.J. Gijzen, (Eds.). University
of Dar Es Salaam, Tanzania, pp: 23-32.

Naveenkumar, S., Raguprasath, G., Reddy, K. H. H,
Senthilkumar, S., Balamurugan, R., Vasan, P., and
Srinivasan, P. (2026). Effects of heavy metal residues in
livestock feeds and fodders. International Journal of
Veterinary Science and Animal Husbandry, 11(1S), 197-200

Ogunyemi, S., Awodoyin ,R.0., Opadeji, T. (2003). Urban
agricultural production: Heavy metal contamination of
Amaranthus cruenties L. grown on domestic refuse landfill
soil in lbadan, Nigeria. Emirate Journal of Agricultural
Science; 15 (2):87-94.

Okoronkwo, N.E., J.C. Igwe and E.C. Onwuchekwa, (2005)
.Risk and health implications of polluted soils for crop
production. African Journal Biotechnology, 4: 1521-1524.

Olarinoye, 1.0., Sharifat, 1., Kolo, M.T. (2010). Heavy metal
content of soil samples from two major dumpsites in Minna.
Journal of Natural and Appllied Science; 1119 —9296:11 (1):
90 - 102.

Oluyemi, E.A., Feuyit, G., Oyekunle, J.A.O., Ogunfowokan,
A.O. (2008). Seasonal variations in heavy metal
concentrations in soil and some selected crops at a landfill in
Nigeria. African Journal of Environmental Science and
Technology; 2 (5): 089 - 096.

Othman, O.C., (2001). Heavy metals in green vegetables and
soils from vegetable gardens in Dares Salaam, Tanzania.
Tanzania Journal of Science Association. Crop Science., 27:
37-48.

FUDMA Journal of Sciences (FJS) Vol. 10 No. 6, March, 2026, pp 103 — 110


mailto:Nigeria.Expro@erols.com

IN VIVO BIOACCESSIBILTY AND BIODISTRIBUTION

Park, R.M., Bena, J.F., Stayner, L.T., Smith, R.J., Gibb, H.J.
and Lees, P.S. (2004). Hexavalent chromium and lung cancer
in the chromate industry: a quantitative risk assessment. Risk
Analysis 24: 1099-1108

Pilot, CH,
carcinogenesis.
Ed, PP:201-260.

and Dragan, P.Y,
toxicology International

(2006). Chemical
edition, Fifth

Saplakoglu, U., M. Iscan and M. Iscan, (1997). DNA single-
strand breakage in rat lung, liver and kidney after single and
combined treatments of nickel and cadmium. Mutat. Res.,
394: 133-140.

Scott, D., J.M. Keoghan and B.E. Allan, (1996). Native and
low-input grasses-a New Zealand high country perspective.
New Zealand Journal of Agriculture Research. 39: 499 - 512.

Sharma, R.K., M. Agrawal and F.M. Marshall, (2006). Heavy
metal contamination in vegetables grown in wastewater
irrigated areas of varanasi, India. Bull. Environ. Contaminat.
Toxicol., 77: 312-318.

Shuo Sun., Xiaofang Zhou, Zhian Li , and Ping Zhuang
(2019). In Vitro and In Vivo Testing to Determine Cd
Bioaccessibility and Bioavailability in Contaminated Rice in
Relation to Mouse Chow. International Journal of
Environmental Research on Public Health , 16, 871.

Singh, A., Sharma, R.K., Agrawal, M. and Marshall, F.M.
(2010). Health risk assessment of heavy metals via dietary
intake of foodstuffs from the wastewater irrigated site of a dry
tropical area of India. Journal of Food and Chemical
Toxicology 48: 611-619.

Sinha, S., K. Pandey, A.K. Grupta and K. Bhatt, (2005).
Accumulation of metals in vegetables and crops grown in the

@0l

FJS

area irrigated with river water Bull. Environ Contaminat.
Toxicol., 74: 210-218.

Trichopoulos, D., Lipworth,L., Petridou E.and Adami, H.O.
(1997). Epidemiology of Cancer. In: Cancer, Principles and
Practice of Oncology, DeVita, V.T., S. Hellman and S.A.
Rosenberg (Eds.). Lippincott Company, Philadelphia, pp:
231-258.

Turkdogan, M.K., F. Kilicel, K. Kara, I. Tuncer and I. Uygan,
(2002). Heavy metals in soil, vegetables and fruits in the
endemic upper gastrointestinal cancer region of Turkey.
Journal of Environmental Toxicology and Pharmacology. 13:
175-179.

Voutsa, D., Grimanis, A. and Samara, C. (1996). Trace
elements in vegetables grown in an industrial area in relation
to soil and air particulate matter. Jounal of Environmental
Pollution . 94: 325 - 335.

Waalkes, M.P. and S. Rehm, (1994). Cadmium and prostate
cancer. Journal of Toxicology and Environmental Health, 43:
251-269.

WHO, (1992). Cadmium environmental health criteria. World
Health Organization, pp: 134.
http://www.pjbs.org/pjnonline/fin1752.pdf.

Yusuf, K.A. and Osibanjo. O. (2006) .Trace metals in water
and sediments from Ologe Lagoon, Southwestern Nigeria
Pak. Journal of Science and Industrial Research.49: 88 -96.

Zhuang, P., McBride, M.B., Xia, H., Li, N. and Li, Z. (2009).
Health risk from heavy metals via consumption of food crops
in the vicinity of Dabaoshan mine, South China. Journal of
Science of the Total Environment 407: 1551-1561.

FUDMA Journal of Sciences (FJS) Vol. 10 No. 6, March, 2026, pp 103 — 110

©2026 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0
International license viewed via https://creativecommons.org/licenses/by/4.0/ which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is cited appropriately.

110


https://creativecommons.org/licenses/by/4.0/
http://www.pjbs.org/pjnonline/fin1752.pdf

