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Abstract

A study was carried out on the assessment of leddcadmium in the eggs @allus
gallusin Agbowo and Oluyole area of Ibadan. The aims @lnjdctives of the study were
to assess the level of lead (Pb) and cadmium (€dgly the relationship between lead
and cadmium, study the trend of lead and cadmiweideand estimate the health risk in
consuming the eggs. Egg samples were collectednalydand fortnightly between July
to September 2013 as rainy season and Januarybrodfg 2014 as representing dry
season. Eggs were acid-digested after weighing Gobg using weighing balance.
Digested egg parts were then transferred to thek Bimientific's 210VGP Atomic
Absorption Spectrophotometer (AAS) for heavy metahlyses of lead and cadmium.
Results show that the mean metal concentratiohdareggs were in the order for Pb as:
Egg yolk<egg white<egg shell, while Cd was egg yelg shell<egg white in the
month of July 2013 in Oluyole, while in Agbowo ftlhe same month was Cd: Egg
yolk<egg white<egg shell, while Pb was egg whitexgglk<egg shell. Similar trends
were observable with slight variations for otherntte and locations, but with the egg
shell usually having a higher mean concentratianbimth metals. The mean seasonal
pattern of variation in the heavy metals in the pggs showed that lead was higher for
both seasons than cadmium throughout the study.rdihg season values for cadmium
and lead were lower than that of the dry seasdmoith Agbowo and Oluyole areas of
Ibadan. In Oluyole, Cd was higher during the raegson (0.1156ppm) than during the
dry season (0.1022ppm) with a similar pattern répgatself for Pb in the egg shell
from Oluyole area. The target hazard quotient (TH®&d for assessing health risk
exceeded 1 for both lead and cadmium in the eggrelly indicating a potential health
risk associated with the metals. There was coiogldtetween the occurrence of lead
and cadmium in the eggs for all the months and tioesa thereby indicating a
relationship between the two metals. The study shthvat eggs supplied in parts of
Ibadan are impacted by heavy metals such as leadc@imium with potential health
consequences that needs to further investigated.

1. Introduction

Eggs are nutritious and economic foods in the hudianand are included in several
food products due to their various functions in boely (Sharkawy and Ahmed, 2002;
Sparks, 2006; Thalacker-Mercetral, 2007; Norimaket al, 2008;Layman, 2009; Leggli
et al., 2010, Ruxton, 2010). Global environmental padimtwith toxic trace metals has
lead to an increase in the investigations concgrniontamination of food-stuffs
including eggs which represent an important pathefbalanced diet
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(International Dairy Federation, 1991). Eggs s&ignificant
amounts of protein that are useful to the body. Umited
States Department of Agriculture (USDA) categorieggs
as meats within its Food Guide Pyramid due to thégh
protein content (USDA, 2006). Despite the nutriibn
content of eggs, there are some potential healtks ri
associated with its consumption. These include sxpoto
environmental contaminants and in some instanasidual
allergies. Chickens and other egg-laying animedsvedely
kept throughout the world and mass production atkamn
eggs is a global food industry.

Egg proteins make a valuable contribution to thatteysis
and maintenance of muscle and indirectly to thelegpn of
blood glucose levels. Eggs have been used asahdastl of
comparison for measuring protein quality becausehefr
essential amino acid (EAA) profile and high digletity
(WHO et al, 2002; Volpiet al, 2003). It provides a nutrient-
based source of energy from protein and fat as agetleveral
B vitamins, including thiamin, Riboflavin, folat®&12, and
B6, which are required for the production of energie
unique complementary relationship between the E&ine
and glucose utilization by muscle implies that atdich in

animals could represent an increased risk for tgesf Cd
and Pb (Hogson and Levi, 1997; John, 2002; Fakaywode
Olu-Owolabi, 2003). Humans are exposed to cadmium
through inhalation and ingestion, although the miad@alth
effects recorded in literature are through diexgosure and
occupational exposure. Since cadmium like all elgmeoes
not biodegrade in the environment to less toxiapots, this
contributes to its bioaccumulation potential in Kigneys and
liver of vertebrates (IARC, 1993; Baykat al, 1996; Golub,
2005; ICDA, 2005). Diets high in meat especiallyeli and
kidneys or products from marine animals may resulta
particularly high risk of intake of cadmium and de@UNEP,
2008).

Lead has toxic effects on the circulatory, nervous,
gastrointestinal and renal systems of the humany.bod
Cadmium is another toxic metal that comes fromedifft
sources of food in the environment (Baykov, 199&)dsure
to Pb occurs primarily through inhalation of duattles, air
contaminated with lead and ingestion of foodstwiter and
dust. Inhalation is an important exposure pathvaaypgople
in the vicinity of point sources such as lead conteted
sites, countries where leaded fuel is still used aneas

the amino acid leucine would be advantageous teethowhere waste from products containing lead is basnivell as

undergoing physical exercise.

Toxic heavy metals affect the quality of eggs that
produced for consumption. It is well known that soheavy
metals play different roles in living organisms iehothers

secondary lead (US-ATSDR, 2007). One of the ctitica
human health impacts of lead is neuro-developmeiatidcts
in children. Very low levels of lead exposure tdladten aged
between 0-5 years can lead to developmental effaots

have no known physiological role. There are two mmaisubsequent lowering of their Intelligent Quotiel®); The

classes of heavy metals namely, essential and seengal
metals. Essential metals include: Cobalt(Co) ,Cofqu),
Iron (Fe),Nickel(Ni),Zinc(Zn) while non essentiaktals are
Arsenic (As),Cadmium(Cd), Mercury( Hg), Lead( Ph)da
Uranium (U). Deficiency in any of the essential Weanetals
usually results into improper biological functiodowever,

activities and experiential behavior of childremocelevate
the exposure of children to Pb when compared vdtlita in
the same setting. In children, exposure begingeémsudue to
lead passing through the placental barrier andefosr
exposure of pregnant women is also a key concern to
children’s health (Hu, 1991; ATSDR, 2005; Bergesa008,

essential heavy metals do become toxic when the&y a®Bchoeteret al, 2008, UNEP, 2008; Qiest al, 2009, USGS,

present in excess amounts. Non essential metadshalge
toxic effects, especially when they enter into bHuly and
exceed a tolerable limit. The diet is the major reeuof
exposure to most of these toxic heavy metals inéoktody
(Pappaset al, 2008; Abduljaleekt al, 2011). Heavy metals
such as Ni ,Co, Cu, Fe and Zn are necessary todmknd
maintain proper metabolic activity in living organis while
some other metals like Pb and Cd have no knownfiogale
physiological function (Ayaret al, 2009; Qinet al 2009,
Rehmaret al, 2012).

Cadmium gets even more concentrated as it movesghr

2010; NIOSH, 2013).

Given the facts above, the study on the assesshéehd
and cadmium levels in the eggs @éllus gallus in Ibadan
becomes necessary. The objectives of this studyoaassess
the level and trend of lead and cadmium, study the
relationship in the trends of bioaccumulation betwdead
and cadmium and estimate the health risk in consgmggs
of Gallus gallusin Ibadan, Nigeria.

2. Materials and Methods

the food chain to reach the higher consumers wliere 2.1. Study Sites

increases in concentration by a factor of approteétyeb0 to
60 times (White and Finley, 1978; Daniel and Edwa&b5).
This is known as biomagnification. Toxic effectscafdmium
include hypertension, kidney dysfunction, hepaticiiy and

lung damage. Cd and Pb are bioaccumulative metal

Therefore, animals with longer life spans have gb&ential
for high concentrations of Cd and Pb in their tisswand
organs. As a result of this bioaccumulation
biomagnification,

The study sites for the collection of eggs wereated in
Agbowo (Ibadan North) and Oluyole areas of Ibadan a
shown in the map of Ibadan in figure 1 .On the map
Agbowo is located in Ibadan North. Eggs were puseda
randomly from 2 different locations in Agbowo (Itzat) and
Oluyole area. Agbowo area is located opposite thanmate

an®f the University of Ibadan .While Oluyole is majnl
the consumption of meat from olde populated by elites; Agbowo is inhabited by studeand
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middle to low income workers. For the purpose @ wWork,

49

August, September, 2013 which covered part of tké av

about 60 eggs (2 each from Oluyole and Agbowo wemainy season in Nigeria, and January to Febuary4 28at

purchased randomly at three locations during thi@gef 5
month study (2Eggs X 3 Locations as subsamplesStudy
sites X 5 months=60eggs). This means that for edche
two study sites, 6 eggs were collected monthlysfanonths,
adding up to a total of 60 eggs. The study sparfrced July,

formed the dry season. The study was aimed atsisgethe
cadmium and lead concentration in the egg shed, yegk
and egg white during the rainy and dry season gsria
Ibadan, Nigeria.

ljaiye lwo ons
apa East
Akinyele Ayedire
Lagelu
Jbadan
Ibadan North
2 ldo
ra Ibadan IKire
& Ibadan South East Isokan
Egbe
Oluyole Ona-Ara Ay

Figure 1. Map of Ibadan showing Oluyole and Agbowo (Ibadan North) Areas.

2.2. Sample Preparation for Analyses

After boiling, egg shells were opened carefully agls
were separated into egg shell, yolk and white. &ugl were
dried and pulverized before weighing out a subsanyfl
0.5g of each of the sample for digestion in 2mliaiacid
(70%) overnight and hydrogen peroxide (30%) latedea
and allowed to simmer in a test tube at room teatpee.
Similarly, egg yolk and egg white were digestedstiled
water was added to the digestate to reach the prked
10mL mark. This digestion followed the proceduredisn
Nriagulab at the University of Michigan for biolagil
samples. The digested form was taken to the latgrdibr

which is described by the following equation

EF x ED X FIR x C

x 1071
RFD x WAH X TA

Target hazard quotient THQ =

EF is 365 for those that consume egg 7 times a wédh
is common to people of Oluyole because it is infeabby elite
or once per week which is typical of Agbowo becaonigdle
class people and student reside there. ED is espauation
70 years to average life time, FDI is food ingest#é which
is 37.2g/person. C is the metal concentration o \ebite and
egg yolk only because it is the part consumed. Ridgkuman
from intake of metal contaminated egg was charzetiusing
hazard quotient HQ is a ratio to determine dose pbllutant

the —analysis using Buck Scientific  210VGP  AtomiCy, i gose level. If the ratio is less than 1 Iikéhe egg white

Absorption Spectrophotometer (AAS).
2.3. Health Risk Estimation

and egg shell of the egg of Agbowo, there will et a
noticeable risk. Conversely, an exposed populaiforoncern
will experience health risks if the dose is equabt greater

According to Norimatet al (2008), the daily consumption than 1.

of chicken egg for one person is equivalent witheqg shell

average (37.2g/person/ day). Cd and Pb were chose 4-4- Statistical Analysis

estimate the Target Hazard Quotient (THQ), duehiesé
metal may advertently enter the food chain and pesdth to

human (Zhuangt al, 2009).The methodology for estimation

of target hazard offers an indication of the riskdl due to
pollutant exposure, this method was available inEBS&
region 111 Risk based concentration table (USERXN,0P

All calculations were performed
correlation between metals, mean concentration exvi
metals and their standard deviations. Excel wad tselot

the histogram showing seasonal variation in leadl an

cadmium at the two locations.

using SPSS for
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3. Results
3.1. Heavy Metals (Cd and Pb) Concentration
in the Eggs
Table 1. Mean heavy metal concentration in the eggsin July 2013 (ppm).

OluyoleArea Agbowo area
Cd Pb Cd Pb

Egg shell 0.235 0.795 0.01 0.7115

Egg white  0.245 0.4315 0.006 0.3425

Egg yolk 0.022 0.148 0.004 0.4465

The results of the mean heavy metal concentratiotiné
eggs in July 2013 is shown in table 1. The redulikcate
that in Oluyole, Cd was highest in the egg whit@83ppm),
while the lowest was in the egg yolk (0.022).Leadsw
highest in the egg shell (0.795) while the lowestam
concentration was recorded in the yolk. In Agbo®d, was
lowest in the yolk (0.004), while the highest valuas
recorded in the egg shell (0.01).

Table 2. Mean heavy metal concentration in the eggsin August 2013 (ppm).

Oluyole Area Agbowo area

Cd Pb Cd Pb
Egg shell 0.017 0.3365 0.022 0.0975
Egg white  0.0045 0.19 0.016 0.202
Egg yolk 0.004 0.2705 0.013 0.1315

Table 2 shows the mean heavy metal concentratighein
eggs in August 2013.In Oluyole, Cd was highesthia ¢gg
shell (0.017) while the least value was in the smdk
(0.004).Also, Pb was highest in the egg shell (6533vhile
the lowest was in the egg white (0.19). In Aghowad, was
highest in egg shell (0.022), while the lowest wwasgg yolk
(0.013). Pb was lowest in the egg shell (0.097%) lghest
in the egg white (0.202).

Table 3. Mean heavy metal concentration in the eggs in September 2013
(pp).

Oluyole Area Agbowo area

Cd Pb Cd Pb
Egg shell 0.095 0.261 0.2485 0.149
Egg white  0.1245 0.2035 0.2535 0.252
Egg yolk 0.1625 0.2215 0.2585 0.255

In September 2013 in Oluyole Area,
concentration was highest in egg yolk (0.1625) lamekst in
the egg shell (0.095), while Pb was highest ingbg shell
(0.261) and lowest in the egg white (0.2035). Inbé&go
Area, Cd was highest in the egg yolk (0.2585) avaekt in
the egg shell (0.2485), while Pb was highest ingbg yolk
(0.255) and lowest and lowest in the egg shel4@)1

Table 4. Mean heavy metal concentration in the eggs in January 2014 (ppm).

Oluyole Area Agbowo area

Cd Pb Cd Pb
Egg shell  0.1305 0.1365 0.955 0.354
Egg white  0.1525 0.19625 0.1165 0.252
Egg yolk 0.594 0.1375 0.2585 0.255

Table 4 shows the mean heavy metal concentratighein
eggs in January 2014.In Oluyole, the mean Cd cdretéon
was highest in the egg yolk (0.594) and lowesthia &gg
shell (0.1305), while Pb was highest in the eggev(0.1965)
and lowest in the egg shell (0.1365). In Agbowo, \als
highest in the egg shell (0.955) and lowest inghg white
(0.1165), while Pb was also highest in the eggl 0e354)
and also lowest in the egg white (0.252).

Table 5. Mean heavy metal concentration in the eggs in February 2014
(ppm).

OluyoleArea Agbowo area

Cd Pb Cd Pb
Egg shell 0.074 7.235 0.0705 13.27
Egg white  0.058 12.105 0.042 6.275
Egg yolk 0.0225 5.105 0.1045 7.865

As shown in table 5, the mean heavy metal conciémtra
in Oluyole shows that Cd was highest in the egdj $0874)
while the least was in the egg yolk (0.0225).Pb wighest
in the egg white with a value of 12.105ppm, whhe teast
was in the egg yolk (5.105).In Agbowo, Cd was hihe
the egg yolk (0.1045) with the lowest value in &gg white
(0.042), Pb was lowest in the egg white (6.275)gvithe
highest was in the egg shell (13.27).

3.2. Seasonal Variation of the Heavy Metals
in the Eggs

The mean Cd and Pb concentration in the eggs ato@lu
and Agbowo areas from July to September 2013 were
computed as representing the rainy season, whilesdrom
January to February2014 represented the dry season
assessment. By using Excel, the histograms werendwéth
the data values shown on the charts for comparigan.
shown in the mean seasonal pattern of variaticherheavy
metals in the egg parts (egg shell, egg white aolk)y
displayed in the figures 2 to7 below, lead was bigbr both
seasons than cadmium throughout the study. Thg saizmson
values for cadmium and lead were lower than thahefdry

the mean cgeason in both Agbowo and Oluyole.

For instance, in figure 1, Cd was higher during thiey
season (0.1156ppm) than during the dry seasonZB)Miith
a similar pattern repeating itself for Pb in they etpell from
Oluyole area. This trend was observed in all thg parts
(shell, white and yolk) from the two study areasotighout
the study as shown in the other figures: 2-6.
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Figure 1. Seasonal variation of cadmium and lead (ppm) in the egg shell in

Oluyole Ibadan (ppm)
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Figure 2. Seasonal variation in the cadmium and lead (ppm) in the egg
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Figure 3. Seasonal variation of cadmium and lead (ppm) in the egg yolk in

Oluyole
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Figure 4. Seasonal variation in cadmium and lead (ppm) in the egg shell in

Agbowo
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Figure 5. Seasonal variation of cadmium and lead (ppm) in the egg whitein
Agbowo
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Figure 6. Seasonal variation of cadmium and lead (ppm) in the egg yolk in
Agbowo

3.3. Pearson’'s Correlation Coefficient
between Cadmium and Lead Variation in
the Eggs

Results of the correlation between Cd and Pb énethg
shell, egg white and egg yolk for the study arefa®layole
in the months of July 2013 ,August 2013,September
2013January 2014 and February 2014 were with the
following negative r values at P<0.05 :-0.967,-3,20.971,-
0.955 and -0.916 respectively .In Agbowo, the wuealwere
0.922,0.310,0.995,-0.921 and -0.141 for the moothduly
2013, August 2013,September 2013, January 2014 and
February 2014 respectively. A detailed summary loé t
correlation coefficients and descriptive statisiegprovided
in the appendices.

3.4. Health Risk Assessment

The health risk estimation or assessment values for

consuming metal contaminated eggs were above bdtr

Pb and Cd. This is the recommended minimum, which i
exceeded poses a health threat to humans. In @udhie
mean concentration of Cd and Pb were compared tddWo
Health Organization guideline limits, SPIRULINA fdapan
and United States farmers as well as local stasdgiken by
Federal Environmental Protection Agency (FEPA, )%1d
were found to have both exceeded the limits.
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4. Discussion

4.1. Distribution of Heavy Metals in the Egg
Shell, Egg White and Yolk

The high cadmium and lead concentration in the sl
can be attributed to its role as an excretory g@i@gan and
the affinity of these metals to calcium which i tiajor

constituent element in the egg (Brady and Holun3819

Hogson and Levi, 1997, Nagabhushananal, 1999).0f
great concern to public health
concentration in the egg white and yolk that anesconed by
adults and used for weaning babies.

4.2. Seasonal Variation of Heavy Metals in
the Eggs

The high seasonal lead levels in the egg partearstudy
can be attributed to the diversity of sources efrtietal when
compared with cadmium. It is also attributable tetatlic ion
mobility in the environment. Leaded fuels are stilluse in
the country and accounts for the thousands of tdrigad
outfall into the environment. Similar variation fEnhs in
heavy metals had been reported by Mora (2003); MoRRo
al (2005); Swaileh and Sansur, 2006; Waegenetrsl,
(2008); Van Overmeiret al (2009) and Abduljaleeét al,
(2011).

Dilution factor could be accountable for the lowinga

season mean values of the cadmium and lead indgbe e

especially from aquatic sources through drinkingewaAs a
result, the chickens become exposed to a copiodigidute
concentration of the heavy metallic ions that igavailable
to the animals. It can be asserted that metalifotise water
sources become concentrated due to evaporatiomeirry
season thereby becoming more concentrated ingbeet of
the chicken and in eggs (Nagabhushaetah, 1999).

4.3. Health Implication of Consuming Eggs
Supplied in Ibadan

Although the World Health Organization (WHO) guidel
limitation for lead is 0.05ppm, it can be foundtth#@ost of the
mean concentration exceeded this limit and is foerea
public health threat. This means that studies teédd carried

out on the chicken feeds to know whether they are

contaminated or not and to assess other sourcespokure

(WHO/FAO, 1989, Wageneerat al, 2008) .However, the [5

limits for cadmium is not listed in this WHO guide
limitations, although SPIRULINA guideline for Jagee and
United States farmers list it as 0.05ppm like thE@V(2008)
guideline, while lead is <1ppm. Similarly, the lbgaidelines
of the Federal Ministry of Environment (from deftidEPA)
specify <lppm (FEPA, 1991).This means there isgiadprisk

in consuming eggs during the dry season in Agbowd a

Oluyole in Ibadan. This health risk could be duegtound

water sources used as drinking water for the chigke [8]

inhalation of contaminated fly ash from landfilthe feeds or

poor handling of the eggs. For instance more stutked to be
carried out to trace the livestock farms suppltimg eggs, the

is the mean meta

feeds they use and how often, water sources fochkeken
and air exchange facilities in the pens with theerop
atmosphere .Potential sources of exposure to heesls in

the environment needs to be assessed on a peesukcially
during the dry season which shows high mean metal
concentration in the eggs.

5. Conclusion

| In conclusion in this study, Pb and Cd are more
concentrated in the egg during the dry season ithaainy
season; therefore consumers of egg may be sudeeptib
risk in this season. Oluyole occupant are at highisk
because it is dominated by elites who can afford an
consume eggs 7 times in a week therefore, childnat
babies are at more risk because the nutritionaievaf egg is
high, the babies need it for their growth unlike b&gvo
inhabitant which is dominated by middle class peoahd
student, therefore the chances of heavy metal aptakggs
will be low due to the comparatively lower incom&tss.
The role of government can come into play to redhicgn
risk of heavy metals by keeping the people informabdut
the health risk involved in egg consumption, andheck the
rate at which egg are consumed especially in theselason.
The government can educate poultry farmers on #i®ws
ways of handling chickens in order to regulate lyeaetals

in the body ofGallus gallus.
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