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Abstract: A research conducted on domestic pig (Sus scrofa
domesticus) was carried out to determine heavy metal (Pb, Cu,
Fe, Ni and Cd) levels in the pork meat (kidney liver and muscle)
of domestic pig (S. scrofa domesticus) in Guyuk Metropolis,
Adamawa State, Nigeria. Samples of the Sus scrofa domesticus
Kidney, Liver, and Muscle (pork meat) were requested and
bought from ten (10) different S. scrofa domesticus commercial
sellers in Guyuk Metropolis, Adamawa State of Nigeria. The
fresh samples were collected and stored in a sample bottle and
were transported to Animal Production Laboratory Adamawa
State University Mubi for digestion and determination of heavy
metals concentration (chemical analysis). Determination of heavy
metals was done using Buck Scientific 230 model, Atomic
Absorption Spectrophotometer (AAS). The result reveals that, all
the heavy metals (Pb, Cu, Fe, Ni and Cd) studied have the
highest mean concentration in the Liver, 0.095+0.001mg/g,

0.086+0.001mg/g,  8.165+0.001mg/g,  0.022+0.001mg/g  and
0.042+0.001mg/g respectively, followed by muscle
0.085+0.000mg/g, 0.538+0.001mg/g, 3.778+0.001mg/g,

0.011+0.000mg/g and 0.34+0.001mg/g respectively. The least
mean concentration of these heavy metals (Pb, Cu, Fe, Ni and
Cd) was found in the Kidney with 0.076+£0.001mg/g,
0.255+0.001mg/g  0.943+0.001mg/g,  0.010+0.000mg/g  and
0.022+0.001mg/g respectively and there was no significant
difference of the mean concentrations of Fe, Ni and Cd at
(P>0.05) in the organs of the S. scrofa domesticus studied. But
there are significant differences of the mean concentration Pb
and Cu at (P>0.05) in the organs of the S. scrofa domesticus
studied. Female S. scrofa domesticus has higher mean
concentration of all the heavy metals than the male S. scrofa
domesticus sampled. All the studied heavy metals concentrations
were just slightly above the permissible limit set by FAO/WHO.
Therefore consumption of pork meat should be minimized to
avoid bioaccumulation and biomagnification of these heavy
metals. Furthermore, domestic pigs (S. scrofa domesticus) should
not be on free range to avoid unnecessary feeding on feeds that
contained high amount of heavy metals.
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. INTRODUCTION

Heavy metals occur naturally in the ecosystem with large
variations in their concentrations (McDowell et al., 2006;
Mohsen and Salisu, 2008; Salwa and Shuharmi-Othman,
2013). They are metallic elements that are toxic and have high
density, specific gravity or atomic weight. Heavy metals occur
naturally in the soil from the pedogenetic processes of
weathering of parent materials at levels that are regarded as
trace (<1000mg/g) and rarely toxic (Kabata-Pendias, 2001;
Pierzynski et al., 2006). Anthropogenic activities and
acceleration of nature’s slowly occurring geochemical cycling
of materials by man have caused most environments to
accumulate one or more of the heavy metals above the defined
background value, high enough to cause risks to human
health, plant, animals, ecosystems, or other media (D’ Amore
et al., 2005; Buba et al., 2018%).

Intensive animal production systems are on the increase in
many regions of the world. Among them pigs are in great
importance since is the main livestock in many countries
(Gorni et al., 2010). However, increase animal production is
not the only aspect in human feed, food safety is also
important. Thus, one of the major aspects of food safety is
toxic substances such as heavy metals (Maas et al., 2011).

Soil is a long term sink for heavy metals although; they have
different mobility and bioavailability (Nicholson et al., 2006).
Some metals may bio-accumulate in the food chain, causing
human health and environmental concerns (Demirezen and
Uruc, 2006; Toor et al., 2007). By nature, animal liver is a
natural source of Fe and other essential elements, such as Cu,
Mg, Zn and Mn. However, liver might contain higher amounts
of heavy metals and other contaminants, which tend to
accumulate in liver tissues (Adei and Forson-Adaboh, 2008).
Furthermore, heavy metals are not only found in soil and in
water by human industrial activity but, according to (Sage,
2007) and Moral et al. (2008), are artificially added in
commercial feeds which are often enriched with essential
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elements such as Cu, Zn, and As in order to promote optimum
growth rate and to infuse antimicrobial properties.

Feeds may also contain other nonessential elements such as
Cd, Pb, Cr due to their presence in concentrates and
supplements and environmental pollution (McBride and
Spiers, 2001; Li and Chen, 2005; Sage, 2007). Studies have
shown that animals raised in industrial areas have higher
concentrations of heavy metals in their internal organs, than
animals reared in rural areas (Abou-Arab, 2001). Furthermore,
in polluted areas with rust scrub metals in Nigeria where dairy
cows were raised, concentration of Pb in blood, milk and
animal wastes, increased significantly compared with cows
raised in uncontaminated areas of the country (Ogundiran et
al., 2012).

There are scanty studies on the content of heavy metals in
companion animal (Kozak et al., 2002). Environmental
pollution by heavy metals is ubiquitous; this is due to both the
natural abundance of metals within earth’s crust and human
activities (Langner et al., 2011; Markert et al., 2011). Some of
them are of great toxicological concern and have a wide range
of toxic effects in both humans and animals. Toxic effects
usually  associated with  chronic exposure include;
mutagenicity, carcinogenicity, teratogenicity, immuno-
suppression, poor body condition and impaired reproduction
(Beyersmann and Hartwig, 2008; Garcia-Leston et al., 2010;
Lehmann et al.,, 2011; Reif, 2011). However, information
about the possible contamination of free range of domestic pig
(S. scrofa domesticus) which is highly consumed by human in

Guyuk Local Government Area of Adamawa State is not
known. The domestic pig (S. scrofa domesticus) are not
restricted, they are exposed to various area of possible
accumulation of waste water and feeds from various sources
hence the purpose of this research. This research work was
carried out mainly to determine the concentration level of
heavy metals (lead, copper, iron, nickel and cadmium) in
liver, muscles and Kkidney of domestic pig (S. scrofa
domesticus) and to compare by sex the concentration level of
heavy metals in domestic pig (S. scrofa domesticus) in Guyuk
Metropolis Adamawa State, Nigeria. This study will give
knowledge to understand the status of these heavy metals
concentration level (lead, copper, iron, nickel and cadmium)
and subsequence transfer of these heavy metals in food chain
and to serve as baseline of the heavy metals accumulation of
other companion animals in the study area.

Il. MATERIAL AND METHODS
Sampling area

Sampling area and sampling site was from Guyuk metropolis
Adamawa State, Nigeria. Guyuk Local Government Area is
located at an elevation of 198 meters above sea level. Its
coordinates are 9°54°0>> N and 11°58°60>* E. Adamawa State
is located in the North Eastern part of Nigeria, and lies
between latitudes 7° and 11° N and between longitudes 11°
and 14° E. Adamawa State is on an altitude of 185 meter
above Sea level and covers a land area of about 39, 741km? ,
(Adebayo et al., 2012).
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Fig: 1 The Map Guyuk Local Government Area Of Adamawa State, Nigeria Showing The Study Area.

I1l. SAMPLE COLLECTION

Pork meat [parts of the domestic pig (Sus scrofa domesticus)]
Kidney, Liver, and Muscle were bought from ten (10)
different demostic pig (Sus scrofa domesticus) commercial

sellers in Guyuk Metropolis, Guyuk Local Government
Adamawa State of Nigeria. The fresh samples were collected
and stored in a sample bottle and transported to Animal
Production Laboratory Adamawa State University Mubi for
chemical analysis.
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Sample preparation and Determination of heavy metals

The organs samples were homogenized each separately and
10g of fresh homogenized samples was weighed into
porcelain dishes and evaporates to dryness in an oven at
105°C. The ground samples of Sus scrofa domesticus were
transferred to a porcelain basin and put into a muffle furnace
and the temperature was increased gradually until 550°C was
reached. The samples were digested with tri-acid mixture
(HNO3: HCO,4: H,SQy) in the ratio of 10:4:1, respectively at a
rate of 20ml per 10g of sample and were placed on a hot plate
at 100°C temperature. Digestion was allowed to continue until
the liquor became clear. All the digested liquor was filtered
through Whatman 541 filter paper and diluted with 25mls of
distilled water as in Akan et al., (2012). Determination of the
heavy metals was done directly on each final solution using a
Buck Scientific 230A  Model, Atomic  Absorption
Spectrophotometer (AAS). The heavy metals (Pb, Fe, Cu Ni
and Cd) concentration was quantify from the calibration curve
of the standard. Values obtained were expressed in milligram
per gram (mg/g) following standard of (AOAC, 2010; APHA,
2017).

Data analysis

Data obtained were presented as mean and standard error
mean and were subjected to one way analysis of variance
(ANOVA) followed by Duncan’s multiple comparison test.
And student T- test was used to compare the mean
concentration of heavy metals between male and female.
P>0.05 was considered as there was no significant difference,
using SPSS (version 20) to assess whether heavy metals
varied significantly between the organs (kidney, liver, and
muscle) and also by sex of domestic pig (Sus scrofa
domesticus).

V. RESULTS

The result of this research work shows the mean
concentrations of all the studied heavy metals in Kidney, liver,
and muscles of domestic pig (S. scrofa domesticus). In Table
1. Lead has the highest mean concentration
(0.095+£0.001mg/g) in the Liver, followed by muscle
(0.085+0.000mg/g). The least mean concentration of lead was
found in the Kidney with (0.076+0.001lmg/g) and the
differences of the mean concentrations were not significant at
(P>0.05).

For Iron, the result shows that Liver had the highest mean
concentration of 8.165+0.001mg/g, followed by muscles with
mean concentration of 3.778+0.001mg/g. The least mean
concentration of Iron was found in the kidney with a value of
0.943+0.001mg/g, but there was significant difference
(P>0.05). The result for Cadmium, shows that the Liver of the
Pig sample had the highest mean concentration
(0.042+0.001mg/q), followed by the muscle
(0.34+0.001mg/g). The domestic pig Kidney has the least
mean concentration of 0.022+0.001mg/g, and the differences
was not significant (P>0.05).

Nickel has the highest mean concentration of
(0.022+0.001mg/g) in the Liver of the domestic pig, followed
by muscle with mean concentration of (0.011+0.000mg/qg).
The least mean concentration of Nickel was found in the pig
Kidney with a value of (0.010+£0.000mg/g) and the difference
were not significant at (P>0.05). The highest concentration of
Copper was observed in the Liver of the domestic pig sample
with the mean concentration of (0.086+0.001mg/g), followed
by the muscles with mean concentration  of
(0.054+0.001mg/g). The least mean concentration of copper
was found in the Kidney with (0.255+0.001mg/g) and the
differences were significant at (P<0.05).

Table 1: Mean Concentration of Heavy Metals in Kidney, Liver and Muscle
of domestic Pig of both sexes (mg/g)

Organ Heavy
s
metals

Lead Iron Cadmium Nickel Copper
Kidne | 0.076+0.0 | 0.943+0.0 | 0.022+0.0 | 0.010+0.0 | 0.255+0.0
y 00* 01% 01° 00* 01%
Liver 0.095+0.0 | 8.165+0.0 | 0.042+0.0 | 0.022+0.0 | 0.086%0.0

00* 01° 01° 01% 01°
sl | CTl00 | 3778200 | 0.034x00 | OO0 | 00sas00

s 01° 01° " 01°
es * ns *
P>0.05

NB: Values with the same superscripts in each row are not significantly
different from each other at (P>0.05) using ANOVA and DMRT for mean
separation. Values are expressed as mean +. P<0.05 was considered
significant.

Key: * = Significant

Table 2 and Table 3, shows that, all the heavy metals studied
have high mean concentration in the liver, followed by the
muscles and the least mean concentration was observed in the
kidney of male and female domestic pigs (S. scrofa
domesticus).

Table 2: Mean concentration of Heavy Metals in Kidney, Liver, and Muscle
of male domestic Pigs (mg/g)

Organ Heavy
metals
Lead Iron Cadmium Nickel Copper
Kidne | 0.072+0.0 1.543+0.0 0.024+0.0 0.010+0.0 0.253+0.0
y 00* 01% 01° 00* 01%
Liver 0.085+0.0 | 7.665+0.0 | 0.032+0.0 | 0.012+0.0 | 0.066%0.0
03% 01° 01° 012 03°
Musl 0'023230'0 5.474+0.0 | 0.034%00 %%t‘;f 0.052:0.0
o 01° 02° s 01°
es * ns *
P>0.05

NB: Values with the same superscripts in each row are not significantly
different from each other at (P>0.05) using ANOVA and DMRT for mean
separation. Values are expressed as mean *. P>0.05 was considered no
significant.

Key: * = Significant "~ No significant
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Table 3: Mean concentration of Heavy Metals in Kidney, Liver, and Muscle
of female domestic Pigs (mg/g)

Organ Heavy
s
metals

Lead Iron Cadmium Nickel Copper
Kidne | 0.076x0.0 | 2.943+0.0 | 0.022+0.0 | 0.010+0.0 | 0.255+0.0
y 03? 01° 01° 00% 012
Liver 0.095+0.0 | 8.165+0.0 | 0.042+0.0 | 0.022+0.0 | 0.086+0.0

01% 02° 02° 01* 03°
Muscl 0'0%5;0'0 5.778:0.0 | 0.0340.0 0'0%%?:0'0 0.0540.0

e 02° 02° s 01°
es * ns *
P>0.05

NB: Values with the same superscripts in each row are not significantly
different from each other at (P>0.05) using ANOVA and DMRT for mean
separation. Values are expressed as mean +. P>0.05 was considered no
significant.

Key: * = Significant
" = No significant

Comparison between the levels of mean concentration of
heavy metals in male and female domestic pigs (S. scrofa
domesticus) sampled in Guyuk Local Government Area of
Adamawa State, Nigeria, shows that, of all the heavy metals
female has the highest level of mean concentration than the
male domestic pig (S. scrofa domesticus) as seen in table 4.

Table 4: Mean Concentration of Some Heavy Metals in Male and Female
domestic pig (Sus scrofa domesticus) (mg/g)

Male S. scrofa Female S. scrofa

Metals domesticus domesticus
Pb 0.077+0.002° 0.085+0.003° *
Fe 4.894+0.001° 5.629+0.001° )
Cd 0.030+0.004° 0.033+0.001° "
NI 0.0120.003° 0.01410.001°
Cu 0.124+0.001° 0.132+0.001* "

NB: Means with the same superscripts in each column are not significantly
different at (p> 0.05)

Key: ns = not significant
* = significant
"= No significant

V. DISCUSSION

The result of this study shows a significant variability in the
accumulation of heavy metals in the different organs (liver,
kidney, and muscles) of domestic pig (S. scrofa domesticus)
in Guyuk Metropolis, Adamawa State, Nigeria, which is
principally dependent on the bioavailable metal concentration
in their environment as stated by Peakall and Burger, (2003)
and Marchovecchio, (2014). That the higher the
bioavailability of heavy metals in an environment the higher
the chance of absorption into the animals that lives, feed and
drink in that environment. The findings of this study indicate
that the highest mean concentration of Lead (Pb)

(0.095+0.000mg/g) was in the liver of the domestic pig
followed by the muscles (0.085+0.000mg/g), the least
concentration of lead (0.076+0.001mg/g) was in the kidney.
Therefore, the mean concentration of lead in this study has
exceeded the concentration level of lead (0.035mg/g) for
ruminants as reported by Radostitis et al., 2000. The result of
this study is also in line with the findings of (Behnaz et al.,
2016), who reported higher mean concentration of lead in the
liver of slaughtered cattle (21.1+3.30mg/kg) and kidney
(28.10+£3.39mg/kg), and also in the liver of sheep
(17.05+5.17mg/kg) and kidney (14.34+4.62mg/kg) from a
mining region in the west of Iran. Lead is considered as the
most common form of poisoning in farm animals.

The Liver of domestic pig (S. scrofa domesticus) has the
highest mean concentration of iron (8.165+0.001mg/g),
followed by muscles with (3.778+0.001mg/g), the least
concentration of iron was observed in the Kidney with a value
of (0.943+0.001mg/g). The result of Iron mean concentration
in the organs of the domestic pig (S. scrofa domesticus) in this
study, does not exceed the permissible limit for Iron in food,
which is generally 30-150mg/kg as stated by (Demirezen and
Uric, 2006). The findings of this study does not agree with the
result of (Behnaz et al., 2006), who reported the value of Iron
concentration (101.99-199.28mg/kg) in the Liver of cattle and
sheep respectively, which has exceeded the permissible limit
for Iron in food. This would be due to its bioavailability of
iron in the environment and also the type of animals involved
in the study.

Cadmium was found in the liver of the domestic pig (Sus
scrofa domesticus) with the highest mean concentration of
(0.042+0.001mg/g), followed by the muscle with
0.034+0.001mg/qg), the least mean concentration was found in
the kidney with a value of (0.022+0.001mg/g). The result of
Cadmium concentration in the organs of the domestic pig (Sus
scrofa domesticus) in this study is higher than the permissible
limit for Cadmium (0.5ppm) as set by (FAO/WHO, 2000).
The result of this study does not agree with the result of Akan
et al., 2010, who reported lower concentration of Cadmium in
the kidney of sheep (0.76+£0.15ug/g) and also lower
concentration of cadmium in the meat of cow (0.07pg/g) from
kasuwan shanu market in Maiduguri Metropolis, Borno State,
Nigeria. This may be due to the environmental contamination
of these metals in Guyuk Metropolis, Adamawa State, Nigeria
than Maiduguri Metropolis, Borno State, Nigeria. Cadmium
accumulates in the human body affecting negatively several
organs: liver, kidney, lung, bones, placenta, brain and the
central nervous system (Castro-Gonzalez & Méndez-Armenta,
2008). Other damages that have been observed include
reproductive and development, hepatic, haematological and
immunological effects (Apostoli and Catalani, 2011; ATSDR,
2011).

The liver of the domestic pig (S. scrofa domesticus) has the
highest mean concentration of Ni (0.022+0.001mg/qg),
followed by muscle with (0.011+0.000mg/g), the least
concentration of nickel was observed in the kidney of
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domestic pig (sus scrofa domesticus) with a value of
(0.010+0.000mg/g). The overall mean concentration of nickel
in this study was higher than the tolerable limit (0.5ug/kg) set
by World Health Organization (WHO). The finding of nickel
concentration in the organs of the domestic pig in this study
has agreed with the result of (Nasser et al., 2013), who
reported higher (0.025-0.275mg/kg) concentration of nickel in
the organs of buffalo and sheep in Kohat market Parkistan.
The major source of nickel for humans is food and uptake
from natural sources, as well as food processing (Nas-NRC
1975; Akan et al., 2012; Buba et al., 2018°). Increased
incidence of cancer of the lungs and nasal cavity caused by
high intake of nickel in animals has also been reported by
(Anonymous, 2013; Buba et al., 2018).

Liver has the highest mean concentration of copper (Cu),
followed by kidney, the least concentration was found in the
muscle of the domestic pig (S. scrofa domesticus). A
significantly higher level of copper (Cu) in the Muscle than in
the Liver and Intestine had been observed by (Torres et al.,
2010), which is not in line with the finding of this study. This
may be due to the bioavailability of copper in the study area.
Copper is an essential part of several enzymes and it is
necessary for the synthesis of hemoglobin.

The results of this study is similar with the findings of Nesta
et al. (2016), who stated that the average Cd levels in the liver
(0.12 mg/g dw) and kidneys (0.65 mg/g dw) of females were
two times higher than in male liver (0.07 mg/g dw) and
kidneys (0.29 mg/g dw), respectively in Tarkwa, Ghana.
Absorption of some heavy metals is through the
gastrointestinal tract (GIT), however this can be affected by
several factors, such as age, sex, nutritional status, and
preceding metal burden. Among these, young age, iron
deficiency, and being female are reported to accelerate the
absorption of metals through the GIT in both humans and
animals (Nesta et al. 2016).These could be the reasons why
concentrations of heavy metals were higher in females than
males. The finding of this study is also in line with (Damek-
Poprawa and Sawicka-Kapusta, 2004), who reported that bio-
accumulation of heavy metals in animals varies according to
their sex, size and age. Although, the ages and size of S.
scrofa domesticus in this study was not determined, the results
of sex differences in the accumulation of Cd and Ni in this
study showed no statistical variation (P > 0.05). However, the
level of Pb, Fe and Cu are significantly different in the sexes
of S. scrofa domesticus sampled.

VI. CONCLUSION

In conclusion, the results obtained in this research work in the
liver, kidney, and muscle of domestic pig (S. scrofa
domesticus) sampled shows that the mean concentration of
Lead, Iron, Cadmium, Nickel, and Copper were within the
permissible limit set by FAO/WHO. It also shows that female
domestic pigs have higher mean concentration compared with
the male domestic pigs. Therefore, the researcher recommends
that consumption of the female domestic pig (S. scrofa

domesticus) should be minimize in order to avoid
bioaccumulation of this heavy metals in human body.
Domestic pig (S. scrofa domesticus) should not be allowed to
be on free range to avoid unnecessary feeding on feeds that
contained high amount of heavy metals because of its natural
curiousty, licking habits and lack of oral discrimination.

REFERENCES

[1] Abou-arab AAK, 2001. Heavy metal contents in Egyptian meat
and the role of detergent washing on their levels. Food and
Chemical Toxicology, 39 (6): 593-599.

[2] Adebayo AA, Onu JI, Adebayo EF and Ayanwu SO. 2012.
Farmer’s Awareness, Vulnerability and Adaptation to climate
change in Adamawa State, Nigeria. British journal of arts and
social science 9 (2): 106-115.

[3] Adei E and Forson-adaboh K 2008. Toxic (Pb, Cd, Hg) and
Essential (Fe, Cu, Zn, Mn) Metal Content of Liver Tissue of Some
Domestic and Bush Animals in Ghana. Food Additives and
Contaminants, 1 (2): 100-105.

[4] Akan JC, Abulrahman Fl, Sodipo OA, Chiroma YA. 2010.
Distribution of Heavy Metals in the Liver, Kidney and Meat of
Beef, Mutton, Caprine and Chicken from kasuwan shanu market in
Miduguri Metropolis, Borno State, Nigeria. Research Journal of
Applied Science, Engineering and Technology. 2 (8): 743-748.

[5] Akan JC, Mohmoud S, Yikala BS and Victor OO. 2012.
Bioaccumulation of Some Heavy Metals in Fish Sample from
River Benue in Vinikilang, Adamawa State, Nigeria. American
Journal of Analytical Chemistry, 3: 727-736.

[6] Anonymous. 2013. Survey of Selected Samples of Tattoo Inks for
the presence of Heavy Metals. Wellington: Ministry of Health.
New Zealand.

[71 AOAC 2010. Association of Official Analytical Chemists. 19" ed.
Official methods of analysis. Washington D.C: pp. 418-462.

[8] Apostoli P and Catalani S. 2011. Metal Irons Affecting
Reproduction and development. Met lons Life Science, 8 (8): 263-
303.

[9] ATSDR. 2008. Agency for toxic substances and disease registry,
(2008). 200, pp. 1-397.

[10] Aslani MR, Heidarpour MV, Najarnezhad, Mostafavi M and
Toosi- zadeh-Khorasani Y. (2012). “Lead poisoning in cattle
associated with batteries recycling: high lead levels in milk of non-
symptomatic exposed cattle,” Iranian Journal of Veterinary
Science and Technology, (4), pp. 47-52.

[11] ATSDR 2011. The Priority List of Hazardous Substances, Agency
for Toxic Substances and Disease Registry, Atlanta, Ga, USA,
(2011)

[12] Behnaz BG, Mohammadreza PA, Aliasghar B, Abas AS. 2016.
Heavy Metals and Trace Elements in the Liver and Kidney of
slaughtered Cattle, Sheep, and Goats In Iran. Iranian Journal of
Toxicology, 10 (6): 7-13.

[13] Beyersmann D and Hartwig A. 2008. Carcinogenic metal
compounds: recent insight into molecular and cellular
mechanisms. Arch. Toxicol. (82)493- 512.

[14] Beyersmann D and Hartwig A. 2008. Carcinogenic metal
compounds: Recent insight into molecular and cellular
mechanisms. Archives of toxicology, 82 (8): 493-512.

[15] Brito GC, Diaz L, Galindo A, Hardisson D, Santiago MF and
Garcia M. 2005. Levels of metals in canned meat products:
Intermetallic correlations. Bull. Environmental Contamination
Toxicology., 44 (2): 309- 316.

[16] Buba ZM, Yusufu SD, Akan JC. 2018° Determination of Some
Heavy Metals In The Blood, Brain, Flesh And Liver Of Catfish
(Clarias gariepenus) In Gyawan Ecosystem, Adamawa State,
Nigeria. International Journal of Innovative Research and
Advanced Studies, (5): 2394-4404.

[17] Buba ZM, Yusufu SD, Akan JC, Shinggu DY. 2018".
Determination of Some Heavy Metals in the Blood, Brain, Flesh
and Liver of Quelea Birds (Quelea quelea) in Gyawana

www.rsisinternational.org

Page 254



International Journal of Research and Scientific Innovation (1JRSI) | Volume VII, Issue X, October 2020 | ISSN 2321-2705

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Ecosystem, Adamawa State, Nigeria. Adamawa State University
Journal of Scientific Research, (6): 2251-0702.

Castro-Gonzalez MI. and Mendez-Armeta M. 2008. Heavy Metal:
Implications Associated to Fish Consumption. Environmental
Toxicology and Pharmacology, 26 (3): 263-27

D’Amore JJ, A-AbedScheckl K. G, and Ryan JA. 2005. Methods
for speciation of metals in soils: a review Journal of
Environmental Quality, 34 (5): 1707-1745.

Demirezen O and Uruc K. 2006. Comparative Study of Trace
Elements in Certain Fish, Meat and Meat Products. Food
Chemistry, 32: 215-222.

FAO/WHO 2000. Report of the 32" Session of the codex
committee of the food additives contaminants. Beijing People’s
Republic of China, 20 - 24 March.

Garcia-Leston J, Méndez J, Pasaro E and Laffon B. 2010.
Genotoxic effects of lead: an updated review. Environ. Int. (36):
623-636.

Gorni CC, Garino S, lacuaniello, B, Castiglioni A, Stella GL,
Restelli G, Pagnacco and Mariani P. 2010. Transcriptome Analysis
to Identify Differential Gene Expression Affecting Meat Quality in
Heavy Italian Pigs. Animal Genetics, 42 (2): 161-171.
Kabata-pendias, A. and Pendias, H. (2001). Trace element in soil
and plant. CRC press, Boca Raton, Fla, USA, 2" edition, (241).
Langner AN, Manu A and Tabatabai MA. 2011. Heavy Metals
Distribution in an lowa suburban landscape. J. Environ. Qual.
(40): 83-89.

Lehmann I, Sack U and Lehmann J. 2011. Metal lons Affecting
the Immune System. Met. lons Life Sci. (8), 157-185.

Li, YX and Chen TB. 2005. Concentrations of Additive Arsenic in
Beijing Pig Feeds and the Residues in Pig Manure. Resources
Conservation and Recycling, 45 (4): 356-367.

Maas S., Lucot E, Gimbert F, Crini N and Badot PM. 2011. Trace
Metals in Raw Cows’ Milk and Assessment of Transfer to Comté
cheese. Food Chemistry, (129): 7-12.

Marchovecchio JE. 2014. The use of Micropogoniasfurnieri and
Mugilizar as Bio-indicator of Heavy Metals in La Plato River
Estuary, Argentina Science of the total environment. (323):219-
226.

Markert B, Wuenschmann S, Fraenzle S, Graciana FAM, Ribeiro,
P. and Wang M. 2011. Bioindication of Atmospheric Trace Metals
With Special References to Megacities. Environmental Pollution.
(159): 1991-1995.

Mcbride MB and Spiers G. 2001. Trace element content of
selected fertilizers and dairy manures as determined by ICP-MS.
Soil Science and Plant Analysis, 32 (1-2): 139-156.

McDowell WT, Wilson AK and Clarke DB. 2006. Mediterranean
Gecko (Hemidactylus turcicus). Metals in Mediterranean
Gecko.252 in Northern Water Snakes (Nerodia sipedon). Archives
of Environmental Contamination and Toxicology (49): 232-238.
Mohsen B and Salisu S. 2008. Investigation of metals
accumulation in some vegetables irrigated with waste water in

(34]

(35]

(36]

(371

(38]

(39]

[40]

[41]

[42]

(43]

(44]

[45]

[46]

sharereytran and toxicological implication, American-Eurasian
Journal of agricultural environmental science, 4:86-92.

Nas-NRC, (National Academy of Science-National Research
Council) 1975. “Division of Medical Sciences, Medical and
Environmental Effect of Pollutants Nickel, ” National Academic
Press, Washington DC 47-53.

Nasser MA, Bibi S and Ahmad RU. 2013. Distribution of Heavy
Metals in the Liver, Kidney, Heart, Pancreas and Meat of Cow,
Buffalo, Goat, Sheep and Chicken from Kohat market Parkistan.
Life Science Journal, 2013; 10 (75): 937-940.

Nesta, BS., Nakayama, MM., Yoshinori, I., Osei, A., Elvis, B.,
Hazuki, M. and Mayumi, I. 2016. Heavy metals and metalloid
accumulation in livers and kidneys of wild rats around gold-
mining communities in Tarkwa, Ghana. Journal of Environmental
Chemistry and Ecotoxicology, 8(7): 58 — 68.

Nicholson F, Smith S, Alloway B, Carlton-smith C, and Chambers
B. 2006. Quantifying heavy metal inputs to agricultural soils in
England and Wales. Water and Environmental Journal, (20): 87-
95.

Ogundiran MB, Ogundele DT, Afolayan PG, Osibanjo O. 2012.
Heavy metals levels in forage grasses, leachate and lactating cows
reared around lead slag dumpsites in Nigeria. International Journal
of Environmental Research, 6 (3): 695-702.

Peakall D and Burger J. 2003. Methodology for Assessing
Exposure to metals: Speciation Bioavailability of metals and
Ecological Host Factors, Ecotoxicological and Environmental
Safety, 56 (1): 110-121.

Pierzynski GM, Sims JT and Vancen GF. 2006. Soils and
Environmental Quality, CRC Press. London UK, 2" Edition. 23-
25.

Radostitis OM, Blood DC, Gay CC and Hinchcliff HE.
2000.Veterinary Medicine: A Text Book of Disease of Cattle,
Sheep, Pigs, Goats and Horses , WB Saunders, London, UK.

Reif JS. 2011. Animal sentinels for environmental and public
health. Public Health Rep. (126): 50-57.

Sager M. 2007. Trace and Nutrient Elements in Manure, Dung and
Compost Samples in Austria. Soil Biology and Biochemistry, 39
(6): 1383-1390.

Salwa AA and Shuhaimi- Othman M. 2013. Metals
Concentrations in Eggs of Domestic Avian and Estimation of
Health Risk from Eggs Consumptin. Journal of Biological
Sciences, (1): 448-453.

Toor GS, Haggard BE and Donoghue AM. 2007. Water ex-
tractable trace elements in poultry litters and granulated products.
Journal of Applied Poultry Residues, 16 (3): 351-360.

Torres J, Foronda P, Eira C, Miquel J and Feliu C. 2010. Trace
Element Concentrations in Railietina micracantha in Comparison
to its Definitive Host, The Feral Pigeon Columba livia in Santa
Crus de Tenerife (Cnary Archipelago, Spain). Archived
Environmental Contamination and Toxicology, (58): 176-182.

www.rsisinternational.org

Page 255



