LEVELS OF AFLATOXIN M ; AND SELECTED HEAVY METALS
BREAST MILK OF LACTATING MOTHERS IN OWERRI, NIGERIA

BY

EKEANYANWU CHIDINMA LYNDA
20164994638

THESIS SUBMITTED TO
THE DEPARTMENT OF BIOCHEMISTRY,
SCHOOL OF BIOLOGICAL SCIENCES,
FEDERAL UNIVERSITY OF TECHNOLOGY, OWERRI

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE
AWARD OF MASTER OF SCIENCE (M.SC) IN BIOCHEMISTRY

FEBRUARY, 2020

IN THE



CERTIFICATION PAGE

This research project work “Levels of Aflatoxin; and selected heavy metin the
breast milk of lactating mothers in Owerri, Nigértzas been certified for submission &
conclusively completed by Ekeanyanwu, Chidinma landRegistration numbe
20164994638 of the Postgraduate programme in Bioidte. We examined and found
acceptable for the award of Master of Science degrdéiochemistry, Federal University

Technology, Owerri.

= Cvaaefzg

Prof, (U5 Alisi I ute

ISupervisy,
{;‘i - Date

—
Ry V2V >0 =lwla

-

Prof. A.C. Ene Date
ﬁwd of Department]
g L3 ey
FhroflC.s. Alisi Date
_ iman, School of Biological Sciences]
i'mf C.CEze Date

@em Post School)

. B¥of. Friday . E. Uboh Date
4%
ternal Examiner

e ——-

¥



ACKNOWLEDGEMENT

My immense gratitude goes to my supervisors, Psofe€hinwe Sylvanus Alisi and
Dr C.I lheme for their meticulous guidance durihgststudy. My gratitude also goes to the
Head of Department, Professor A.C Ene and all thff 8nd Postgraduate Lecturers of the
Department of Biochemistry, some of who are Prof)\W.A. Onwuliri, Late Prof. O.A.
Orjiako. Prof. N. Nwachukwu, Prof. (Mrs) N.C. AghBrof. (Mrs) G.N Okwu, Prof. R.N
Nwaoguikpe, Prof. C.S Alisi,, Prof. C.O Ibegbulefrof. L. AN Nwaogu, Prof. K.M.E
Iheanacho, Prof.(Mrs) A.A Emejulu, Prof. C.U Igwand Prof. C.O Ujowundu for their
encouragements, friendly disposition and help resaie®o me during this research period.

| am profoundly grateful to the management andf siafthe following; National
Research Institute for Chemical Technology Zariadtha State and Technology Partners
International Limited, Abuloma, Rivers State foagting me access to their laboratories for
sample analysis. | also appreciate the effort ammb@agements of my family, friends and
colleagues in the Biochemistry postgraduate laboyaand others too numerous to mention,
your presence and contribution kept me going.

My sincere gratitude and thanks go to Almighty Gatio started this good work in
me and has been ever faithful and gracious to radlim be ascribed all glory, honour and

majesty, forever and ever, amen.



DEDICATION

To Almighty God, My creator and who is the fountairall wisdom.



Title page -

Certification page

Acknowledgement

Dedication -

Table of contents

Lists of tables -

List of figures -
Abstract -

CHAPTER ONE

1.0
11
1.2
1.3
1.4
1.5

Introduction

TABLE OF CONTENTS

Background Information-
Problem Statement -
Objectives - -
Justification of the Study
Scope of the Study- -

CHAPTER TWO

2.0
2.1
2.2

2.3
2.4
2.5
2.6
2.7

Literature Review -

Overview of mycotoxins

Overview of Aflatoxin

2.2.1 Chemistry of Aflatoxins - -

2.2.2 Absorption, distribution, metabolism andrexion of Aflatoxin

2.2.3 Impact of Aflatoxin in Human health -

2.2.4 Liver Carcinogen

2.2.5 Immune suppression - - -

2.2.6 Impairment of Childhood obesity -

2.2.7 Acute toxicity and health - -

Occurrence of Aflatoxins in Breast milk -

Lactational transfer for Aflatoxin;Band M, - -

Exposure of infants to Aflatoxins - -

Metal Toxicity-

Heavy Metals and their toxicity mechanism -



vi

2.7.1 Arsenic - - - - - - - - -20

2.7.2 Lead - - - - - - - - - -21
2.7.3 Mercury - - - - - - - - -22
2.7.4 Cadmium - - - - - - - - -23
2.7.5 Chromium - - - - - - - - -24
2.7.6 Copper - - - - - - - - -26
27.7 Zinc - - - - - - - - - -27
2.7.8 lron - - - - - - - - - -28
CHAPTER THREE
3.0 Materials and Methods - - - - - - - -29
3.1 Materials - - - - - - - - - -29
3.1.1 Chemicals and Reagents - - - - - - -29
3.1.2 Types of Equipments - - - - - - - -29
3.2 Methods - - - - - - - - - -29
3.2.1 Study Area - - - - - - - - -29
3.2.2 Ethical Approval and Consent - - - - - -30
3.2.3 Sample size determination - - - - - - -30
3.2.4 Sampling - - - - - - - - -30
3.2.5 Inclusion criteria - - - - - - - -30
3.2.6 Exclusion criteria - - - - - - - -31

3.2.7 Collection of participants’ personal infotina and food consumption data-31

3.2.8 Determination of AfMin breast milk sample - - - -31
3.2.8.1 Determination of AfMin Breast milk sample - - -31
3.2.8.2 High-performance Liquid Chromatographyalmsis - -32
3.2.8.3 Trueness and Repeatability of Measurement - - -32

3.2.9 Determination of Heavy metals - - - - - -33
3.2.9.1 Digestion of breast milk sample - - - - 33-
3.2.9.2 AAS Analysis - - - - - - - -33

3.2.10 Determination of estimated daily intakeé\é¥1, - - - -34

3.2.11 Estimated daily intake (EDI) of heavy metal - - - -34

3.2.12 Statistical Analysis - - - - - - - -34



Vii

CHAPTER FOUR

4.0 Results and Discussion- - - - - - - - -36
4.1  Sociodemographic information of infants andatdeeding mothers - -36
4.2 Food consumption determinants data of the study - - - -38
4.3 Levels of AfM in human breast milk- - - - - - -39
4.4  Estimated daily intake of Afiby the age of infants- - - - -40
4.5  Association between maternal diet, employmttts, educational level and AfNh
breast milk - - - - - - - - - - - -40
4.6 Heavy metals in Human Breast milk - - - - - - 43-
4.7 Mean daily intake of heavy metals in Breaskmil- - - - -44

4.8  Association between daily and weekly maternat, cheavy metals exposure and
heavy metals in breast milk - - - - - - - - -44

4.9  Some reports on the concentrations of toxieyeaetals by country - -51

CHAPTER FIVE

5.0 Conclusion and Recommendation - - - - - - -51
51 Conclusion - - - - - - - - - -51
5.2 Recommendation - - - - - - - - -51
References - - - - - - - - - - -52
Appendix | (Informed consent form) - - - - - - - 67
Appendix Il (Questionnaire) -- - - - - - - - -79
Appendix 1l (Ethical Approval) - - - - - - -81
Appendix IV (Aflatoxin Standard Calibration Curve) - - - - -82

Appendix V (Heavy Metals Standards Calibration @uiar AAS) - - - -83



viii

LIST OF TABLES

Table 2.1: Description of certain mycotoxins ane€itiside effects - - - -7
Table 2.2: Suggested daily intake levels for cartaycotoxins - - - -8
Table 3.1: Recommended instruments parametersA& A - - - -34
Table 4.1: Participants personal information - - - - - - -36
Table 4.2: Profile of the analysed population atdéing mothers - - - -37
Table 4.3: Occurrence of AfMn breast milk of mothers - - - - -39

Table 4.4: Correlation between maternal diet, egmpkent status, educational level and AfM
in breast milk - - - - - - - - - - 41

Table 4.5: Recently reported prevalence and leveAft ; in breast milk of mothers in

Nigeria and other countries - - - - - - - - -42

Table 4.6: Concentrations of Pb, Cd, Cr, Cu, Zn,Fesand Hg in breast milk of mothers and

effect on mothers age - - - - - - - - - -43

Table 4.7: Correlations between daily and weeklyemmal diet, heavy metal exposure and

heavy metals in breast milk - - - - - - - - -45

Table 4.8: Cd, Cr, Cu, Fe, Pb and Zn concentraitiothe breast milk of mothers from

Nigeria and other countries - - - - - - - - -51



LIST OF FIGURES

Figure 2.1: Chemical Structure of Some importantdgxins -- - - -6
Figure 2.2: The Chemical Structure of Aflatoxins - - - - - -10
Figure 2.3 Sources of Aflatoxin exposure anaitsifi the food chain. - - - - - -16
Figure 2.3: Factors influencing the exposure odmté$ to mycotoxins in early life -- -17
Figure 3.1: The Dispersive liquid-liquid microexttimn procedure - - - -32
Figure 4.1: Food consumption data - - - - - - - -38

Figure 4.2: Estimated daily intake of AfNh breast milk of mothers by age of infants  -40

Figure 4.3: Estimated daily intake of Pb, Cd, Cu, €n and Fe from breast milk per kg of
infant weight - - - - - - - - - - -44



ABSTRACT

Mother's breast milk which is the basic diet fofamts is loaded with proteins, fats,
carbohydrates and essential minerals which aressacg for proper nutrition of the infant.
Regrettably, breast milk is also a likely sourcafttoxins and toxic metals which are unsafe
for the breastfeeding child. In Nigeria, there jgaaucity of information on aflatoxin and toxic
heavy metals exposure, especially in the southreggin. In the present study, we assessed
the level and frequency of breast milk AfMind some heavy metals as biomarkers of
maternal exposure. Breast milk samples were celieftbm a selected group of 40 lactating
mothers of infants attending the Federal Medicalt@eOwerri, Imo State, between June and
August 2019. Some heavy metals (Pb, Cd, Cr, CuFEnAs, and Hg) were analysed using
Atomic Absorption Spectrophotometry while AfMevels were assessed by HPLC with
fluorescence detection after aflatoxin extractiohhe mean (xstandard deviation)
concentration of AfM in the breast milk samples was 4.02+1.12 ng/L 80@% of all the
samples contained AfMat 2.33 — 7.08 ng/L. AfM concentration was positively and
significantly (p<0.01) associated with the dailynsamption of cassava-based foods,
groundnut oil, maize, tomatoes and dry fruit (p&).ONo significant association (p>0.05)
was observed between AfMconcentration in breast milk with employment statrsd
educational level in nursing mothers. The meanafigdrd deviation) values of these heavy
metals were Cd: 0.029+0.013 mg/L, Cr: 0.019+£0.01¢/LmCu: 0.035+£0.013 mg/L, Fe:
0.049+0.039 mg/L, Pb: 0.038+£0.013 mg/L and Zn: 040008 mg/L. The result of the
estimated daily intake of breast milk by the brismkinfants shows that heavy metals such as
Pb, Fe, and Cd are ingested more daily than ote¢alsnanalysed. There was a weak positive
but non-significant correlation between heavy metaitent and daily intake of maternal diet
except for beans where a significant correlatior0(p1) was found with Cr, Cu and Zn. A
weak positive but non-significant correlation wasoaobserved between exposure to heavy
metals such as Cu, Fe and Pb and maternal dietee dfothe samples exceeded the national
and international legal regulatory limit for AfMind the selected heavy metals in breast milk

except for chromium. Generally, their presencé stises a health risk.

Keywords: Aflatoxin M;; Heavy metals; Breast Milk; Infants; Exposure; &fig.



CHAPTER ONE
INTRODUCTION

1.1 Background Information

Several documented reports in the literature haweem that breast milk is the best
source of nutrients/diet for newborns/infants, aialy because of its reported nutritional
characteristics and health beneficial propertiesiniér et al, 2017). Important dietary
components and balanced nutrients such as cartaibgdfats, proteins found in breast milk
contribute to infant growth, ability to fight infeon/diseases and maintenance (Ballard and
Morrow, 2013). These assets make the breast milistanctive source of food for infants,
and nutritionists and medical practitioners haveiags encouraged and recommended
breastfeeding (Kulkarret al, 2013). Despite breast milk's nutritionally anthunologically
valuable constituents, it may sometimes containstsuitial quantities of toxic chemicals
because of exposure of the mother to certain f¢Gtierkani-Hassangt al, 2016). These
contaminants which include heavy metals, pesticadesfungal toxins may affect the health
of the infant negatively.

Mycotoxins include a very diverse group of chensoalth a wide spectrum of toxic
effects. Mycotoxins are known to occur naturallydahey are usually highly toxic fungal
metabolic products of secondary metabolism of m®wdch asAspergillus flavusand
Aspergillus parasiticus(Kunter et al, 2017). The US Food and Drug administration
considers mycotoxins as unavoidable food contantsn@im et al, 2000; Williamset al,
2004). The unavoidable problem is not just pecut@rthe western world but heavily
predominant in sub-Saharan Africa. In addition igetse organ-specific actions (liver,
kidney, central nervous system and lungs), mycagxre known to adversely affect the
digestive tract, cause skin irradiation, have hdelogical effects and reduce growth (Etzel,
2006; Sherifet al, 2009). A common type of mycotoxin is AflatoxiKif et al, 2000;
Williams et al, 2004). Humans may be exposed to aflatoxins tyréiom the ingestion of
contaminated foods. When breastfeeding mothersucomscontaminated foods containing
aflatoxins, the substance and its metabolites ncayraulate in breast milk (Prandiet al.,
2009; Leonget al, 2012). Other known health problems associate¢l afiatoxins include
growth impairment (Egakt al, 2005), malnutrition (Tchanat al, 2010), and reduced
immune activities (Turnegt al, 2003).

Currently, four major types of naturally occurriafjatoxins have been identified;

they are aflatoxin B B,, G, and G, as well as two other metabolic products, Aflatokd;



and My (Williams et al, 2004). Aflatoxin M is the hydroxylated metabolite of aflatoxin B
found in animal and human milk and it is considesmdsiomarker to aflatoxin Bexposure to
contaminated foods by lactating mothers (Polychkord al, 2006; Gurbayet al, 2010;
Williams et al, 2004; Prandinet al, 2009; and IARC, 2002).

Another important contaminant in breast milk is \heanetals. Breast milk also
contains heavy metals such as arsenic (As), cadrn@dy lead (Pb), mercury (Hg), copper
(Cu), zinc (Zn), silver (Ag), chromium (Cr) and pleum group elements. In breast milk,
these elements act as an indicator for the presaineavironmental and food contaminants
and breast milk can also be a pathway of matemxak&on of heavy metals (Mead, 2008).
Besides, heavy metals in breast milk are known dgeha wide range of toxicity and
carcinogenic effects on infants (Kuntdral, 2017). It has been reported that the presence of
heavy metals such as As, Cd, Hg and Pb affectounsrsystem development in infants, bone
formation processes as well as causing anaemieetsiand autism (Winiarska-Mieczan,
2014). Breastfeeding infants also ingest thesectmetals such as Cd and Pb in their breast
milk (Nishijo et al, 2002; Kutluet al, 2006). Infant breastfeeding has been the most
desirable way of feeding infants in low-income cwi@s. However, issues of environmental
pollution and food contamination are high in sorhéhese countries (Landrigaat al, 2002;
Bryden 2007).

1.2 Problem Statement

Breast milk may sometimes contain substantial questof toxic chemicals because
of exposure of the lactating mother to certain ®aghd environmental toxicants despite its
valuable constituents. These toxic contaminants afil@gt the health of the infant negatively.
There is, therefore, need for the constant momigpf the Aflatoxins and heavy metals
concentration in the breast milk of mothers in Qwemo State and with extension in
Nigeria, for the sole purpose of periodically ass&s the quality of infant's and mother’'s

nutrition.

1.3 Objectives
The specific objectives of the study included thiéofving:
1. To determine the levels of Aflatoxin M1 in the bseanilk of lactating mothers in
Owerri, Eastern Nigeria.
2. To determine the levels of some toxic heavy mdels Cd, Cr, Cu, Zn, As, and Hg)

in the breast milk of lactating mothers in OweEagstern Nigeria.



3. To evaluate the main socio-demographical and fasumption determinants of the

lactating mothers.

1.4  Justification

Due to the poor development of some protection @msims such as blood-brain
barrier, enzymatic elimination mechanisms in thverliand kidney, plasma protein binding
capacity and immune systems in infants, infantdccdne vulnerable to the environmental
pollutants (Pohl and Hibbs, 1996; Chance, 2001)s lalso known that the physiological
differences between infants and adults make thendor more vulnerable to these
environmental contaminants. Therefore it is impart® assess the ARMand some heavy
metals concentration in breast milk, which may titute a risk factor for the nutrition of the
breastfeeding mothers, and to a greater exteninfaats. There is, therefore, need for the
constant monitoring of the Aflatoxins and heavy afeiconcentration in the breast milk of
mothers in developing countries such as Nigeria, tfee sole purpose of periodically

assessing the quality of infant’s and mother’sitiatr.

15 Scope of the Study
This study is focusing on determining the levelg\Batoxin M; (Mycotoxin found in

food) and heavy metals (Pb, Cd, Cr, Cu, Zn, As, ldgilin breast milk of lactating mothers
in Owerri, Eastern Nigeria and to evaluate the maotio-demographical and food
consumption determinants of the lactating mothEinss study was conducted in Owerri, Imo
State which is located in the Southeastern pailigéria for a period of six months. Only
subjects with evidence of breastfeeding, and whwee hduly completed the food and
sociodemographic questionnaires were selectechéostudy. A sample size of 225 lactating
mothers was selected for the study.



CHAPTER TWO
LITERATURE REVIEW

2.1  Overview of Mycotoxins

Mycotoxins include a very varied group of chemicaith a wide range of toxicity
effects. These secondary metabolites are producédfbrent fungal species, which grow on
field crops or during improper storage of graing ather agricultural products (CAST,
2003). The worldwide occurrence of mycotoxins astaminants in foods and feeds is
worrying because they can cause animal and hunseasks or disorders. Judgements on
which of the many known mycotoxins are the mostangmt are often based upon their
frequency of occurrence and/ or the severity ofdisease that they can produce (Shetif
al., 2009). Those with carcinogenic properties, naméatains, fumonisins and Ochratoxin
A, are of major concern to humans (Figure 2.1).0Glr exposure, even at low doses, to
these toxins is considered a risk (Kuiper- Goodrearal,, 2010; Wild and Gong, 2010).
Certain essential toxins include citrinine, Deoxsienol, T-2 mycotoxin, Zearalenone and
certain ergot alkaloids (CAST, 2003). Such toxias bave adverse effects on specific organ
systems (Table 2.1) after critical dose exposure.utero exposure can also have
teratogenic or developmental effects: fumonisin®, éxample, can cause neural
tube defects. Aflatoxins, ochratoxin and trichodvees can affect the immune system, and
the ZEA for mycoestrogen mainly affects the repaithe system. Besides various organ-
specific actions (liver, kidney, central nervoustsyn), mycotoxins can adversely affect the
gastrointestinal system, cause skin irradiationjehbhaematological effects, and decrease
growth (Etzel, 2006; Sherdt al, 2009).

Human exposure to mycotoxins often occurs whilangatnfected foods. Many
countries have set maximum allowable levels of ngxias in different food supplies for
minimizing human exposure (Van Egmoeidal, 2007). Together with TDI values for major
mycotoxins (Table 2.2), these regulations providbaais for protecting consumers from
undesirable health effects of mycotoxins in fodthe TDI values developed by scientific
advisory committees are extracted from non-obsemdkerse effect levels of a
given compound as defined in animal studies anadl dindded by uncertainty / safety
factors (100 or more) to extrapolate to a safe dosbumans that can be consumed
throughout a lifetime without any significant héattanger A TDI cannot be derived
for carcinogenic compounds without thresholds sasAFB, since any small dose can
constitute a risk (Steffeat al, 2004).



Although dietary exposure to mycotoxins may be cedl) it cannot be avoided
altogether. A strict control of mycotoxins in foa&l not enforced everywhere. In fact, in
some countries with poor food supply and climatesst seasons, parts of the population
have no choice but to consume poor quality or sigrnfoods (Wild and Gong, 2010;
Kensleret al, 2011).The nursing mothers' food deserves special atteisince some
of the ingested mycotoxins can also appear in tmeam breast milk. The presence
of mycotoxins in babies' main nutrient source iscoficern since newborns and
infants are considered more susceptible than attultdverse effects of these toxins
(Sherifet al,, 2009).

2.2 Overview of Aflatoxin

Aflatoxins are highly toxic secondary metabolitesich are synthesized primarily by
Aspergillusspp fungi, mosthA. flavus,and A. parasiticus(IARC, 1993; Bhatt al, 2010)
and seldom fromA. nominus(Olsenet al 2008).The Aspergillus species are prevalent in
tropical and subtropical regions of the world whewem temperatures and humid conditions
promote fungal growth and subsequent aflatoxin petdn (IARC, 1993). The term
aflatoxin was created by combining a letter "A" fllavus species representing the
Aspergillus genus "fla" and poison toxin (Elésal, 1991).

There are various types of naturally occurringtaftins, which have been identified
(IARC, 1993; 2002). However, aflatoxins of majorpantance are aflatoxin ;B(AfB,),
aflatoxin B, (AfB,), aflatoxin G (AfG;) and aflatoxin G (AfG,). AfB; and AfB, are
produced by fungi ofA. flavus,while A. parasiticusproduces AfB, AfB,, AfG; and AfG
(Kurtzmanet al, 1987; IARC, 1993; Huchchannanavar and Balol 120The letters B and G
refers to blue and green fluorescence colours,entsely, produced by the toxins under
ultraviolet light on thin layer chromatography, wehnumbers 1 and 2 represent different
homologues (Huchchannanavar and Balol, 2011; Qehaditi, 2013).
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Table 2.1: Description of certain mycotoxins aneitiside effects

Mycotoxins

Reported toxicities

Aflatoxin By, M,

Citrinin

Deoxynivalenol

Ergot Alkaloids

Fumonisins
(FB1)

Ochratoxin A

Patulin
T-2 and HT-2

Zearalenone

Hepatotoxic and carcinogenic in all species testaxpt mice.
Genotoxic: adducts formation in human and animals.

Nephrotoxic in pigs and rodents.

Feed refusal and vomiting in domestic pigs
Immunosuppression in mice.

Ergotism with convulsive and/or gangrenous form.

Leucoencephalomalacia in horses

Pulmonary oedema in pigs

Neural tube defects in mouse embryos.

Rodent carcinogen.

Nephrotoxic, tetratogenic, immunosuppressant, roden
carcinogen.

Causes damage in intestinal tissues, alteratiorenial function.
Alimentary toxic aleukia, haemorrhage and vomiting.

Oestrogenic effects in pigs and experimental arsmal

(Source: Degest al.,2013)



Table 2.2: Suggested daily intake levels for cartaycotoxins

Mycotoxin Tolerable Daily Intake

Aflatoxin By, M; and total A risk-free intake cannot be identifibdf maximum residue
levels have been set in foods for direct human wopsion*

Deoxynivalenol fig/kg b.w

Fumonism B1, B2, B3 alone2 ug/kg b.w

or in combination
Ochratoxin A 5ng/kg b.w

120 ng/kg b.w/week = 17 ng/kg b.w/day

Patulin 0.4ug/kg b.w
T-2, HT-2 0.1ug/kg b.w
Zearalenone 0.2hg/kg b.w

* These levels are the ones deemed as low as redsachlevable.

(Sources: EC, 2006; EFSA, 2011a, b; Kuiper-Goodetaat, 2010)



In both acute and chronic toxicity, the magnituder is AfB, > AfG; > AfB, >

AfG, (IARC, 1993) with respect to the magnitude of #ftatoxin potency. Likewise, in
terms of the extent of incidence, AfBccounts for about 70 percent of the total foauteats

of aflatoxins, although this may also differ, folled by AfG, while AfB, and AfG occur at
significantly lower levels (Horn, 2003). AflatoxiB1 and B2 can undergo hydroxylation to
form metabolites of aflatoxin Mand aflatoxin M, respectively, which may be excreted in
lactating mammals ' milk due to food or feed ing@stontaminated with aflatoxin (Quadri
et al, 2013). The IARC has classified aflatoxim Ms "possibly carcinogenic to humans”
(IARC, 2002).

2.2.1 Chemistry of Aflatoxins

Purified aflatoxins are pale-yellow crysta#i compounds in colourless form (Rett
al., 2012). These are highly fluorescent in ultrastdight with blue fluorescence emitting
AFB; and AfB,, while green fluorescence emitted by Aféhd AfG (Huchchannanavar and
Balol, 2011; Pittet al, 2012; Quadret al, 2013). Aflatoxins are marginally water soluble
(Naboket al, 2011), insoluble in non-polar solvents, freedjuble in organic polar solvents,
and very stable up to temperatures above 1000C diQed al, 2013). Aflatoxins are

degraded by ammonia or sodium reaction.

2.2.2 Absorption, distribution, metabolism and etion of Aflatoxins

The principal route of exposure to aflatoxin is tral consumption of products infected with
aflatoxin. Ingestion of aflatoxins transported frdeed into animal products such as milk,
meat and their products can also result in expoguedlatoxins via food ingestion (Bhat

al., 2010; Volkelet al, 2011). In addition, breast-feeding children nb@yexposed to Afiyl
from breast milk when lactating mothers have coredifood contaminated with aflatoxin
(Khlangwisetet al, 2011; Magohat al, 2014a; Diaz and Sanchez, 2015). Other important
exposure routes are the inhalation of aflatoxintaornated dust as a result of occupational
exposure, the handling and processing of contaednatrops, in particular during
undertakings such as shelling and processing (B&bak 2013a) and direct dermal contact
(Zain, 2011). Animal studies found that 50% of Afidgested is rapidly absorbed into the
duodenum and reached the liver through the poysiem (Kumagai, 1989; Coulomle¢ al.,
1991).
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Aflatoxin Bl is extremely lipo-soluble and, in tlease of occupational airway
exposure (Larsson and Tjalve, 2000), is effectiaddgorbed into the bloodstream through the
cell membranes from the duodenal zone of the smtdbktines (Kumagai, 1989) and the
respiratory tract. Aflatoxin Bis concentrated in the liver and lower in the legs (Wogaret
al., 1967). The liver is a target site for both acatel chronic toxicity due to exposure to
aflatoxin. In the liver, AfB1 is activated by thanhily of several cytochrome P450 enzymes
(CYP450), and biotransformed before excretion sd¢weral metabolic products. One of the
major AfB; metabolites is AfB-8, 9-epoxide, a highly active molecule which binds
covalently to deoxyribonucleic acid (DNA) and proeda AFBN7-guanine (Ranegt al,
1993), as well as other cellular macromoleculesaddition to DNA, the epoxide may also
bind to serum albumin to form aflatoxin albumin {&b) or lysine adducts that then enter the
circulation of the system (Essigmaanal, 1982; Forresteet al, 1990; Sabbioni and Wild,
1991).

It is believed that the mechanism for the formatioin AfB;-8, 9-epoxide and
subsequent binding to DNA and proteins to form atklaccounts for the biological effects
and damage of cell targets (i.e. DNA and prote{(Wg)dd and Turner, 2002; Bbosat al,
2013b). This mechanism induces dysfunction of théscnormal process (Wild and Hall,
2000a) and consequently results in reduced mitatenfunction and damages critical
cellular components such as DNA, lipids and pratgissigmanret al, 1982; Wild and
Turner, 2002). Bond formation between AfB1 and DMAanges DNA's structure and
biological activity, leading to the mutagenic andranogenic mechanism of AfB1
(Essigmannet al, 1982; Hsieh and Atkinson, 1991). In additionftoming AfB;-8, 9-
epoxide, AfB is also metabolized in the liver to form hydroxgkh metabolites called
aflatoxin M1 (AfM,), aflatoxin Q1 (AfQ), aflatoxin R (AfP;), and aflatoxicol (Wild and
Turner, 2002; Egnegt al, 2003; Kensleet al, 2011). The AfM metabolite can be activated
further to form a new metabolite called AfN8, 9-epoxide, which binds to AfMN7-guanine
(Egneret al, 2003; Verma, 2004). In the liver, AfBnetabolites can also be excreted by bile
into the small intestine (Bbos al, 2013b), and can be reabsorbed and returneck thvtr
via portal circulation (enterohepatic circulatioBpth the ingested AfBand its metabolites
are excreted in urine, faecal matter and brea$t tdihabsorbed gastrointestinal aflatoxin and
absorbed AfB metabolites from biliary excretion into the intastare both excreted through
faeces (Hsielet al 1993). The urinary route forms a significant pedly for the excretion of
absorbed metabolites of aflatoxin and aflatoxino@manet al, 1985; Egneet al, 2003).
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Mothers who are lactating who eat food contaminatéti aflatoxin can excrete aflatoxin
metabolites in her milk (IARC, 2002; Polychronakial, 2007b).

2.2.3 Impact of Aflatoxin on human health

Poisoning that result from aflatoxin ingestioncaalled aflatoxicosis (Celilet al,
2005). There are two forms of aflatoxicosis ideatlf the first is extreme acute toxicity that
results in damage to the liver and subsequentsslro death. The second type is called the
sensitivity to chronic sub-symptoms. Dose and lengft exposure to aflatoxins can have
major effects on toxicology, and can have a rarfgeealth effects. Chronic sublethal doses
have nutritional and immunological effects, wherathgloses cumulatively affect cancer risk
(Williams et al,, 2004).

2.2.4 Liver carcinogen

Aflatoxins have been extensively studied and caadbeerse health effects in both
human and animal body systems and organs (Bbbsd, 2013a). Aflatoxins are potent
hepatocarcinogens in animals and sufficient evidesfccarcinogenicity has been provided
by human epidemiological studies, which has ledh® classification of AfB as "group 1
human carcinogen” (IARC, 2002). High incidence epatocellular carcinoma (HCC) occurs
most often in communities where chronic hepatitisyiRis (HBV) infection and chronic
aflatoxin dietary exposure are also prevalent. Thenese population has shown synergistic
association between AfBand HBYV in the cause of liver cancer (IARC, 19&3popmanet
al., 2005; Wild and Montesano, 2009; Kenst¢ral, 2011). Cancer effects due to aflatoxin
are attributed to its ability to form adducts thgbuthe binding of DNA with AfB-8, 9-
epoxide metabolite, which is generated during Abibtransformation. Formation of adducts
causes alteration of DNA, a gene mutation, whiclbedieved to be responsible for liver
cancer (IARC, 1993; Wild and Turner, 2002a, Bbetsal, 2013a). From the point of view of
public health, these findings suggest that measiareeduce exposures to aflatoxin along
with HBV vaccination may potentially have an effect reducing the burden of liver cancer
(Kensleret al, 2003).

2.2.5 Immune suppression

Upon ingestion of aflatoxins by infected foods, theestine is the primary target for
the damage caused by toxins (Tureeml, 2012). Effects on the gastrointestinal trachas
result of aflatoxin exposure have been reportegdaneral animal studies (IARC, 1993;
Applegateet al, 2009). Intestine impairment disturbs nutriensabption in the body, which
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contributes to nutritional deficiencies. In expegmal studies in cell models and in animal
studies the immunomodulatory effects of aflatoxirese considered (IARC, 2002; Williams
et al, 2004). Higher exposure to aflatoxin has beeno@sted with lower salivary
immunoglobin A in Gambian children (IgA), (Turnetral, 2003). In Ghana, a study reported
positive human immunodeficiency virus (HIV) indivals with higher levels of CD4 + T
regulatory cells compared to HIV-positive peopleghwiower levels of AfB1 biomarkers
(Jianget al, 2008). Although the results available do nobwlla conclusion to be drawn
about the effect of aflatoxin exposure on human umity, the evidence still indicate that
immune parameters may be impaired in populationsnitally exposed to aflatoxins (Pét
al., 2012). Impaired immune functions contribute mereased vulnerability to infectious

diseases in the exposed population, and partigutael vulnerable.

2.2.6: Impairment of childhood growth

Studies in animal species indicate that chronmsure to aflatoxin can have serious
consequences for growth and development éPidl., 2012). In the veterinary sector, animal
exposure was related to reduced weight gain, retldeed intake and nutrient uptake,
impaired feed conversion capacity, impaired immyrand growth failure (Haet al, 2008;
Andrettaet al, 2012; Da Rochat al, 2014; Rezaest al, 2014).

In human studies, exposure to aflatoxin in utesoggested with loss in infant
development during breastfeeding and complemeriggging. One of the earliest studies in
Sudanese children documented the correlation beta#atoxin exposure and kwashiorkor
(Hendrickseet al, 1982). High prevalence of waste was associatéiil nwtake of cereals
infected with high aflatoxin levels in Kenya (Oko#imd Ohingo, 2005). A cross-sectional
analysis in Togo and Benin found an inverse cadticglabetween the AF-alb concentration
and the Z-scores growth indicator in children (Genal, 2002). In Benin, a longitudinal
study showed a strong negative correlation betwdemlb levels and height increases over
eight months of follow-up with children in the higgt exposure group associated with a mean
height decrease of 1.7 cm compared to the lowgsisexe group (Gongt al, 2004). There
was also correlation between exposure to aflatoxiatero and lack of growth in Gambian
children during the first year of life (Turnet al, 2007). A study in Ghana found that
mothers with higher levels of AfB1-lysine duringegnancy were more likely to have babies
with a low birth weight compared to mothers witlwér levels (Shuaiet al, 2010).

Given the associations recorded on exposure #@ioath and growth impairment,

however, the biological mechanisms of action byconhaflatoxin can have an effect on
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growth are currently not clear and therefore nesthér investigation (Pitet al, 2012).
Possible Hypotheses include impaired bowel intggnitd nutrient absorption through altered
barrier activity due to endothelial cell toxicity onmune suppression (Gorg al, 2008a;
Smithet al, 2012). Other possible reasons include inhibibbprotein synthesis by binding
AfB1 with DNA, RNA and proteins and thus causingenfierence with the enzymes and
substrates required for protein synthesis procg&mssaet al, 2013a). Further study of the
health effects of aflatoxin, however, may be coogikd by exposure to other forms of
mycotoxins co-occurring in the same food (Strosnide al, 2006) as well as other

confounding factors.

2.2.7: Acute toxicity and death

Acute exposure to aflatoxins can lead to aflatosigowhich is shown to be serious,
acute hepatotoxic. Anorexia, malaise, and low-grader may be the early symptoms of
serious aflatoxicosis. Acute exposure to high levan lead to vomiting, abdominal pain,
jaundice, hepatic failure and death (Strosnieeal, 2006). Recurrent outbreaks of acute
toxicity and deaths have caused acute dietary exposo high levels of aflatoxin.
Consecutive outbreaks of acute aflatoxicosis trgdeby contamination of aflatoxin in
homegrown maize occurred in Kenya between 20042805, resulting in 125 confirmed
deaths of 317 cases of acute liver failure (Giesakd CDC, 2004; Probst al, 2007), thus

expressing the serious public health issue duggosaire to aflatoxins.

2.3 Cccurrences of Aflatoxins in Breast Milk

AfB,, AfB,, AfG; and AfG are a group of contaminants produced naturally by
Aspergillus species(A. flavus andA. parasiticus),and these mycotoxins often occur in
foodstuffs such as nuts and maize derived prodi@AST, 2003). Quite toxic is the most
critical compound AfB, and a prime example of poteaman carcinogen (Kenslet al.,
2011). It is biotransformed to a DNA-reactive andtagenic epoxide and other metabolites
in humans and animals, including the hydroxylateztaiolite AfM, excreted with milk and
urine (Figure 2.1). The first studies on the oceage of mycotoxin in human milk date back
to the mid and late ' 80s. Early surveys were edrgut in Germany of the occurrence of
aflatoxins in human breast milk (DFG, 1984) and &udCoulteret al., 1984). Although
sensitive analytical techniques have been apptiel20 Kiev and 65 Munich samples (LOD
3 and 6 ng / kg), a total of 185 breast milk samg@FG, 1984) have not found the milk
metabolite AFM1. Conversely, all 75 Sudanese sasmgisted positive (Coultet al.,1984).

Then Wildet al (1987) confirmed the presence of aflatoxins frmwmthers in Zimbabwe in
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11 percent of milk samples (6/54), with rates oftabl ng / I. Nevertheless, none of the
breast milk samples collected in France from matt{6r42) contained detectable levels of
aflatoxins. Analysis of Italian breast milk sampfeand a very low detection frequency (1-5
per cent) and a maximum of less than 200 ng/1 @walet al.,2008; Turconet al., 2004).

A number of studies in Africa have revealed thespnce of aflatoxins (mainly
AFB1 and AFM1) in breast milk from Ghana (32% pes}, Kenya (28%), Nigeria (12%)
and Sudan (37%) at levels up to sevagll (Lamplughet al, 1988; Maxwellet al, 1989).
Similar results for Sierra Leone were reportedaierl (Jonsyret al, 1995). Such data show
that babies are regularly exposed to aflatoxireeweral African countries, and sometimes at
very high levels of exposure. More recent data shiost aflatoxins (AfM) also occur
frequently in Egyptian breast milk (El-Sayetal, 2002; Hassagt al, 2006a; Polychronaki
et al, 2006; Tomeralet al, 201l), with a wide range of concentrations. &parted in
several studies, the levels of AfMireast milk show seasonal fluctuations most likely
associated with variable levels of AfBontaminants in the diet of mothers due to sedsona
climatic conditions favoring mould growth and toynoduction (example; El-Sayed al.,
2002; Maxwellet al, 1989; Polychronalet al.,2007).

The amount of AfM detected in Egyptian mothers ' breast milk (averd8.5 ng/1;
Polychronakiet al, 2006) is lower than that recorded in some ottmemtries. In a large
survey of 445 mothers ' aflatoxin in Abu-Dhabi lstemilk, 99.5 percent of samples tested
positive for AfM; at concentrations ranging from 2 ng/1 to 3,000/ mgand a geometric
mean of approximately 68 ng / | (Saaidal.,1995). A more recent United Arab Emirates
breast milk analysis found positive median levéI® per cent of 140 samples) of 560 ng /
ml and 5 to 3,400 ng / | (Abdulrazzatjal, 2003). A small number of breast milk collected
in Thailand was also reported to have high maxiniiM ; levels (EI-Nezamet al, 1995).

In addition to the geographic patterns, differenakls® exist in the occurrence of AfNh
breast milk samples collected in different regiofis given country. Such differences are
indicated by recent studies in Iran (Mahdeatval, 2010; Sadegtet al, 2009) and in Turkey
(Gurbayet al, 2010a; Keskiret al, 2009), for example.

Aflatoxins are harmful compounds in breast milk; $nre. Reported detection rates
and mean concentrations of these pollutants sugjggtsinfant exposure in Europe is small or

negligible, but may reach critical levels in Troglid\frica and some Middle East countries.
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2.4 Lactational transfer for Aflatoxins;Bnd M,

The relationship between dietary intake of aflatexand metabolite excretion in
breast milk of 5 mothers was explored in an eaitynonitoring / molecular dosimetry
study conducted in Gambia, West Africa. Estimatéghe percentage of aflatoxins
excreted in milk as AfiM ranged from 0.09 to 0.43 percent in the diet (Zabal,
1992). Since breastfeeding is not given, one cdp speculate whether the range of
variables reflects early and/or late nursing stagbs only study correlating the duration
and occurrence of AfMin breastfeeding is that of Polychronadi al, (2006). They
observed the frequency of detectable Afi breast milk varied greatly depending on the
duration of the lactation. Thus, in breast milk\MAfwas observed most frequently in the first
month of lactation than at the later stages of difeading. The same authors recruited 50
Egyptian mothers (pre-selected based on Afldreast milk levels) where the lactation
duration was fitted into a statistical analysisaanear term, a one-month increase in the
lactation stage contributed to an 8 percent iner@adreast milk risk of AfM (Polychronaki
et al, 2007). Yet the months (season) during which dir@ailk samples were collected
appeared to be the dominant factor deciding Afigresence, and levels. Another study
reported mean levels of contamination in Egyptiasthrars ' milk (1.9 ng / ml) and serum
(8.9 ng / ml) (Hassast al, 2006a); values estimating lactational transterafflatoxins with

an M/ P ratio of approximately 0.21.

2.5 Exposure of infants to Aflatoxins in early life

It has been shown that AfMs a biomarker of nursing mothers ' dietary expeso
AFBL1 in breast milk and, consequently, an exposualatoxin in breastfed infants (Earba
al., 1992). Data available on Afiyibreast milk levels from different countries iralie a wide
range of maternal and infant exposures (Degeal, 2013). There is no or little concern
about average levels of human milk from Europe smahe other countries, although peak
concentrations can translate into undesirable expesof breastfed children. The high
concentrations found in samples of breast milk fiseweral tropical West African countries,
but also in the United Arab Emirates and Egypt,eexcthe maximum tolerance limit for
AfM 1 in milk and infant foods (25 mg / kg) set out hetEuropean and US regulations (EC,
2006; Van Egmoneet al, 2007). The high concentrations found in samplebreast milk
from several tropical West African countries, bisiban the United Arab Emirates and Egypt,
surpass the maximum tolerance limit for Afih milk and infant foods (25 mg / kg) set out
in the European and US regulations (EC, 2006; Vgmahd et al. 2007). Yet, what
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breastfeeding choices are there in developed desntrith poor quality staple foods where
weaning foods are as likely to be contaminatedaasral foods. Studies in high-risk African
countries that compared aflatoxin exposure in fglyved infants with those still partially
sewed show that contaminant exposure significantgeases the following sewage and that
early life exposure is associated with reduced gnid@onget al, 2003). This reinforces the
need for intervention strategies in countries ghhisk to reduce the exposure to aflatoxin
(Kensleret al.,2011; Wild and Gong, 2010).

2.6 Metal Toxicity

Metals are substances with high electrical condlitgtimalevolence and luster, which
lose their electrons willingly to form cations. Mé&t are naturally found in the earth's crust,
and their compositions differ from one localitydaother, resulting in spatial differences in
regional concentrations. The distribution of metalghe atmosphere is monitored by the
properties of the metal and by different environtakfactors (Khlifi and Hamza-Chaffai,
2010).

Heavy metals are generally referred to as metals avparticular density exceeding 5
g / cnt and which adversely affect the environment anéhdjvorganisms (Jarup, 2003).
These metals are quintessential in maintaining ouvari biochemical and physiological
functions in living organisms at very low concetitbas; however when they exceed certain
threshold concentrations they become noxious.

Though these heavy metals are known to have mavgrsel health effects and last
for a long time, heavy metal exposure persists iargrowing in many parts of the world.
Heavy metals are important threats to the atmosphed their toxicity is a concern of
increasing importance for economic, biological, ritianal and environmental reasons
(Jaishankaet al, 2014; Nagajyotet al, 2010). The most commonly found heavy metals in
wastewater include arsenic, cadmium, chromium, @mper, lead, nickel, and zinc, all of
which pose risks for human health and the envirarirfleambert, 2000). Heavy metals enter
the atmosphere by natural means and by humantgciarious heavy metal sources include
soil erosion, natural weathering of the Earth'strmining, industrial effluents, urban runoff,
sewage discharge, insect or disease control ageatsin crops, and many others (Mortis
al., 2012).

Although these metals have essential biologicattions in plants and animals, they
have sometimes been given an additional advantggthdir chemical coordination and

oxidation-reduction properties so they can avoidtimd mechanisms such as homeostasis,
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transportation, compartmentalization and bindingtite necessary cell constituents. Such
metals bind to protein sites that are not intenfbedhem by removing the original metals

from their normal binding sites that cause celluf@ and eventually toxicity. Previous

research found that the oxidative deterioratiorbiofogical macromolecules mainly results

from the binding of heavy metals to DNA and nucleanteins (Floraet al, 2008).

2.7 Heavy Metals and Their Toxicity Mechanisms
2.7.1 Arsenic

Arsenic is one of the most important heavy metassmg disquiet from both
ecological and individual health standpoints (Hughe al, 1988). It has a semi-metallic
property, is prominently toxic and carcinogenicd as extensively available in the form of
oxides or sulphides or as a salt of iron, sodiuatciom, coppergtc. (Singhet al, 2007).
Arsenic is the twentieth most abundant element amheand its inorganic forms such as
arsenite and arsenate compounds are lethal tontheoement and living creatures. Humans
may encounter arsenic by natural means, indussoarce, or from unintended sources.
Drinking water may get contaminated by the use rskmical pesticides, natural mineral
deposits or inappropriate disposal of arsenicatmebals. Deliberate consumption of arsenic
in the case of suicidal attempts or accidental gomion by children may also result in cases
of acute poisoning (Mazumder, 2008; Saha, 1999e/c is a protoplastic poison since it
affects primarily the sulphydryl group of cells sang malfunctioning of cell respiration, cell
enzymes and mitosis (Gordon and Quastel, 1948).

Mechanism of Arsenic Toxicity: In arsenic biotransformation, harmful inorganic
arsenic compounds get methylated by bacteria, algaegi and humans to give
monomethylarsonic acid (MMA) and dimethylarsinicda(®MA). In this biotransformation
process, these inorganic arsenic species (iAs)canwerted enzymatically to methylated
arsenicals which are the end metabolites and timadrker of chronic arsenic exposure.
iAs (V) —iAs (lll) -MMA (V) —-MMA (ll) —DMA (V)

Biomethylation is a detoxification process and enoducts are methylated inorganic
arsenic such as MMA (V) and DMA (V), which excretidough urine, are bioindication of
chronic arsenic exposure. However, MMA (lll) is ricreted and remains inside the cell as
an intermediate product. Monomethylarsonic acid (MMI), an intermediate product, is
found to be highly toxic compared to other arsdsjcpotentially accountable for arsenic-

induced carcinogenesis (Singhal, 2007).
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2.7.2 Lead

Lead is a highly toxic metal whose extensive useneny parts of the world has
caused considerable environmental contamination reeadth problems. Lead is a bright,
slightly bluish silvery metal in a dry atmosphetestarts to tarnish on air contact, thus
forming a complex mixture of compounds dependingh@nconditions given. Lead exposure
sources include mainly industrial processes, fawl smoking, drinking water, and domestic
sources. The lead sources include petrol and hoais¢, which has been generalized to lead
bullets, plumbing pipes, pewter pitchers, storagges, toys, and faucets (Thurnedral,
2002). In the US, vehicle exhausts release mome 168 to 200,000 tons of lead per annum.
Some are taken up by plants, fixed to the soil dradned into water bodies, and human
exposure to lead is either due to food or drinkiveger in the general population (Goyer,
1990).

Lead is an extremely toxic heavy metal that disguphysiological processes of
various plants and, unlike other metals such as, iopper and manganese, it does not play
any biological functions. A plant with a high contmtion of lead fastens the development of
reactive oxygen species (ROS), causing damageetbpid membrane that ultimately results
in damage to chlorophyll and photosynthetic proeesnd suppresses overall plant growth
(Najeebet al, 2014). Some research has revealed that leadhbéit tea plant growth by
reducing biomass and degrading the tea qualityianging the quality of its components
(Yongshenget al, 2011). Even at low concentrations, lead treatrhes been found to cause
considerable instability in plant ion uptake, whinhurn leads to major metabolic changes in
photosynthetic efficiency, and ultimately to strquignt growth inhibition (Mostafa, 2012).

Mechanisms of Lead Toxicity: Lead metal causes toxicity in living cells by falimg
the ionic mechanism and that of oxidative stressnywresearchers have shown that oxidative
stress in living cells is caused by the imbalane®vben the production of free radicals and
the generation of antioxidants to detoxify the te@&cintermediates or to repair the resulting
damage. Antioxidants, such as glutathione, presetite cell protect it from free radicals
such as BO,. Under the influence of lead, however, the levethe ROS increases and the
level of antioxidants decrease. Since glutathiaxist& both in reduced (GSH) and oxidized
(GSSG) state, the reduced form of glutathione giteeseducing equivalents (H+ €) from
its thiol groups of cysteine to ROS to make theablst In the presence of the enzyme
glutathione peroxidase, reduced glutathione readiigds with another molecule of
glutathione after donating the electron and forhusaghione disulfide (GSSG). The reduced

form (GSH) of glutathione accounts for 90% of tb&al glutathione content and the oxidized
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form (GSSG) accounts for 10% under normal condstiodet under the condition of

oxidative stress, the concentration of GSSG excéleesconcentration of GSH. Another
biomarker for oxidative stress is lipid peroxidaticsince the free radical collects electron
from lipid molecules present inside the cell membBrawhich eventually causes lipid

peroxidation (Wadhwa, 2012; Flora, 2012). At verghhconcentrations, ROS may cause
structural damage to cells, proteins, nucleic aodmbranes and lipids, resulting in a
stressed situation at the cellular level (Math20411).

The ionic mechanism of lead toxicity occurs maidlye to the ability of lead metal
ions to replace other divalent cations likeC#Mg**, F€* and monovalent cations like Na
which ultimately disturbs the biological metabolisinthe cell. The ionic mechanism of lead
toxicity causes significant changes in various dmgatal processes such as cell adhesion,
intra- and inter-cellular signalling, protein fahdj, maturation, apoptosis, ionic transportation,
enzyme regulation, and release of neurotransmittexrad can substitute calcium even in
picomolar concentration affecting protein kinasewhich regulates neural excitation and

memory storage (Flora, 2012).

2.7.3 Mercury

The metallic mercury is a naturally occurring metddich is a shiny silver-white,
odourless liquid and becomes colourless and odsaidgas when heated. Mercury is very
toxic and exceedingly bioaccumulative. Its preseradversely affects the marine
environment and hence many studies are directedrttssthe distribution of mercury in
water environment. Major sources of mercury patiatinclude anthropogenic activities such
as agriculture, municipal wastewater dischargesjingj incineration, and discharges of
industrial wastewater (Chest al., 2012).

Mercury exists mainly in three forms: metallic ekams, inorganic salts and organic
compounds, each of which possesses different tgxarid bioavailability. These forms of
mercury are present widely in water resources ssdakes, rivers and oceans where they are
taken up by the microorganisms and get transfornméol methyl mercury within the
microorganism, eventually undergoing biomagnificaticausing significant disturbance to
aquatic lives. Consumption of this contaminatedaéiguanimal is the major route of human
exposure to methyl mercury (Trasande al, 2005). Mercury is extensively used in
thermometers, barometers, pyrometers, hydromateessury arc lamps, fluorescent lamps
and as a catalyst. It is also being used in pulp pawper industries, as a component of

batteries and in dental preparations such as amalga
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Mechanism of Mercury Toxicity: Mercury is well known as a hazardous metal and
its toxicity is a common cause of acute heavy mgbdaéoning with cases of 3,596 in 1997 by
the American Association of Poison Control Centrb&ethylmercury is a neurotoxic
compound which is responsible for microtubule degton, mitochondrial damage, lipid
peroxidation and accumulation of neurotoxic molesusuch as serotonin, aspartate, and
glutamate (Patrick, 2002). The total amount of mgreemission into the environment has
been assessed at 2,200 metric tons annually (Reatral, 2000). It is estimated that 8 to
10% of American women have mercury levels that waotluce neurological disorders in
any child they gave birth to, according to both Evironmental Protection Agency and
National Academy of Science (Haley, 2005). Animatsich are exposed to toxic mercury
have shown adverse neurological and behaviouralgdsa Rabbits, when exposed to 28.8
mg/nT mercury vapour for 1 to 13 weeks, have shown vamaibological changes, marked
cellular degeneration and brain necrosis (Ashal, 1953). The brain remains the target
organ for mercury, yet it can impair any organ &atl to malfunctioning of nerves, kidneys
and muscles. It can disrupt the membrane poteatidlinterrupt with intracellular calcium
homeostasis.

Mercury binds to freely available thiols as thebgity constants are high (Patrick,
2002). Mercury vapours can cause bronchitis, astanthtemporary respiratory problems.
Mercury plays a key role in damaging the tertiang guaternary protein structure and alters
the cellular function by attaching to the selenaffydnd sulphydryl groups which undergo
reaction with methyl mercury and hamper the ceflgkaucture. It also intervenes with the
process of transcription and translation resultingthe disappearance of ribosomes and
eradication of endoplasmic reticulum and the afstiaf natural killer cells. The cellular
integrity is also affected causing free radicahfation. The basis for heavy metal chelation is
that even though the mercury sulphydryl bond iblstand divided to surrounding sulphydryl
consisting ligands, it also contributes free sulplgly groups to promote metal mobility
within the ligands (Bernhoft, 2012).

2.7.4 Cadmium

Cadmium is the seventh most toxic heavy metal asAp&DR ranking. It is a by-
product of zinc production which humans or aninmalsy get exposed to at work or in the
environment. Once this metal gets absorbed by hamamill accumulate inside the body
throughout life. This metal was first used in WoWar | as a substitute for tin and paint

industries as a pigment. In today’s scenario, #$® being used in rechargeable batteries, for
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special alloys production and also present in tobamoke. About three-fourths of cadmium
is used in alkaline batteries as an electrode comemio the remaining part is used in coatings,
pigments and platings and as a plastic stabilidemans may get exposed to this metal
primarily by inhalation and ingestion and can suffem acute and chronic intoxications.

Cadmium distributed in the environment will remam soils and sediments for
several decades. Plants gradually take up thesalanghich get accumulated in them and
concentrate along the food chain, reaching ultilpatee human body. In the US, more than
500,000 workers get exposed to toxic cadmium eadr us per The Agency for Toxic
Substances and Disease Registry (Bernard, 2008tuMatal, 2012). Researchers have
shown that in China the total area polluted by dadmis more than 11,000 hectares and its
annual amount of industrial waste of cadmium disgbéa into the environment are assessed
to be more than 680 tons. In Japan and China, @mwental cadmium exposure is
comparatively higher than in any other country (l¢aal, 2009). Cadmium is predominantly
found in fruits and vegetables due to its high mitesoil-to plant transfer (Satarug al.,
2011). Cadmium is a highly toxic nonessential hematal that is well recognized for its
adverse influence on the enzymatic systems of ,cekgdative stress and for inducing
nutritional deficiency in plants (Irfaet al., 2013).

Mechanism of Cadmium Toxicity: The mechanism of cadmium toxicity is not
understood clearly but its effects on cells arevkm@Patrick, 2003). Cadmium concentration
increases 3,000 fold when it binds to cysteine-pcbtein such as metallothionein. In the
liver, the cysteine-metallothionein complex causgdtotoxicity and then it circulates to the
kidney and gets accumulated in the renal tissusitguephrotoxicity. Cadmium can bind
with cysteine, glutamate, histidine and asparigenids and can lead to the deficiency of iron
(Castagnettet al, 2002). Cadmium and zinc have the same oxidastates and hence
cadmium can replace zinc present in metallothigngiiereby inhibiting it from acting as a

free radical scavenger within the cell.

2.7.5 Chromium

Chromium (Cr) is the Zimost abundant mineral in the crust of the earth may
occur in all oxidation states from -2 to +6. Itnsost often found in 0, +2, +3 and +6.
Elemental chromium (0) is not naturally presentha earth crust and is biologically inert.
Almost all naturally found Cr is trivalent while xevalent Cr is mostly of industrial origin.

Most chromium compounds are halides, oxides orrsdégs.
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Divalent chromium (C¥) is a strong reductant; the form is readily oxédisvhen in
contact with air, producing &t This explains why divalent Cr is not availablebiological
systems. Hexavalent chromium {Qris the second most stable form and a strong sixigli
agent, especially in acidic media. Hexavalent chuomis bound to oxygen as chromate
(Cr0,%) and dichromate (G8;*) with strong oxidative capacity. This form of Crosses
biological membranes easily, reacting with proteamponents and nucleic acids inside the
cell while being deoxygenated to *CrThe reaction with genetic matter provides for the
carcinogenic properties of Cr

Trivalent chromium (CF) is the most stable oxidation state in which chitomis
found in living organisms. It cannot cross the eeémbranes easily (Mertz, 1992) and has
low reactivity, which is the most significant bigical feature distinguishing it from €t
Trivalent Cr forms several coordination complexXxesxadentate ligands being the basic form.
Some forms of Gf (e.g. CpOs) are, thanks to their low reactivity and absonptfoom the
gastrointestinal system, used as markers in thay sitidigestion processes (Furniel al,
1990).

Mechanism of Chromium Toxicity: Chromium toxicity is associated mainly with
hexavalent chromium, whole trivalent chromium ididaeed to be a highly safe mineral.
Hexavalent chromium is more soluble than trival@mtand at least five times as toxic
(Barceloux, 1999). The safety limit for Tris approximately 1:10,000. Ertoxicity is, in
fact, lower than the toxicity of all other essehtdements such as Cu, Fe, Zn, Mn and
especially Se (Lindemann, 1996).

The toxicity of CP* compounds is most probably based on oxidative DNA
impairment (Coheset al, 1993). The details of Cr6+ toxic activity areAever not known. It
is assumed that genotoxicity may be due to a tahdorm (Cr*) of intracellular origin
formed by the reduction of €rto CP* (Stearnset al, 1995). Extracellular reduction of Cr
to Cr" is regarded as a protective reaction (De Fltral, 1989). The main protection
mechanism against Eractivity in the lungs and the stomach is the réidncof CF* to Cr*
by an NADPH-dependent mechanism involving ascorbaaimal trials show that
glutathione plays an important role in®Creduction in erythrocytes, also showing certain
reduction activity in the lungs (Suzuki and Fukuti®90). Cr intoxication is characterised by
pathological anatomical changes in the lungs, kidrand liver. The lungs are affected with
hyperaemia, erosion and an inflammatory change h@ tespiratory system mucosa
developing after Cr inhalation. With ©rcompounds sensitising the lungs, a bronchial spasm

or even an anaphylactic reaction may develop. Gbrexposure to Cr has been observed to
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cause nose septum perforation (letel, 2002) and small cell cancer of the lung tissag h
been reported. Acute intoxication with®teads to acute renal tubular necrosis characterise
by significant interstitial change and subsequengl failure (Elliset al, 1982; Saryan and
Reedy, 1988). Renal glomeruli usually remain intddie hepatic parenchyma develops

necrosis only at very high Erdoses.

2.7.6 Copper

Various cells and tissues are known to contain eoppith the liver and brain
containing the highest concentrations (Turnlund98)9 Cu mainly exists in biological
systems as cupric form (CU, although several separate types of the bounwbiCatn be
found in Cu containing enzymes, often in combinatiothin a single protein (Set al 1982;
Divertie et al. 1982). Essentially all of the body's Cu in norrhahlthy humans is linked to
enzyme prosthetic groups or tightly bound to Cagpert or chaperone proteins (Rosenzweg,
2001, Prohaska, 2008, Boal and Rosenzweig, 2009)ciaperones help to minimize the
probability of unbound (free) Cu from participatimgredox reactions (Burkitt, 2001; Evans
and Halliwell, 1994) and ensure delivery of Cu idnsspecific target proteins (Boal and
Rosenzweig, 2009, Fields al, 2001, Prohaska, 2008). Cu absorbed more thaabwiet
requirements are normally excreted through bilee @mount of Cu ingested in food and
water is relatively low, and the body can contratess amounts of Cu in the body by either
decreased absorption or increased excretion uraterah conditions. As tight control of Cu
homeostasis prevents the excess accumulation oihGhe body, acute and chronic Cu
toxicity is relatively rare. However, Cu toxicity ay result from exposure to excess Cu
caused by accident, occupational hazard, envirotahenntamination, as well as adrenal
gland insufficiency, inborn errors of Cu metabolisnd other factors. A recommended
dietary allowance (RDA) of 0.9 mg/day (0.013 mgday) has recently been established.

Mechanism of Copper toxicity: Most organisms possess a combination of regulated
import, sequestration, and enhanced export meahants protect against metal-induced
toxicity. These mechanisms regulate metal statusugh metal-binding proteins at
transcriptional, translational, and enzymatic IsvehAs stated above, the presence of a
complex system of metal ion transporters and cloegesrto regulate Cu homeostasis ensures
Cu is provided to essential proteins without cagistellular damage. Disruptions in the
homeostasis of Cu is associated with tissue danaagle many diseases (Bleackley and
Macgillivray, 2011; de Romanet al, 2011). In addition to the direct interact witbsential

macromolecules and minerals, several mechanismablyofree radical-induced oxidative
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damage have been proposed to explain Cu-inducédaceioxicity. In addition to the free
radical-induced oxidative damage, information aa# suggests that the cellular response to
Cu overload, particularly at the early stages of &gumulation, involves more specific
mechanisms and pathways. This includes regulatibipal metabolism; antimicrobial
defence; neuronal activity; the resistance of tunemlis to chemotherapeutic drugs; kinase-
mediated signal transduction; and other essendgbililar processes (Hasan and Lutsenko
2012).

2.7.7 Zinc

Zinc, a divalent cation, is an essential micromuttrifor human and its importance can
be gauged from the fact that it is an essentialpmrant of more than 300 metalloenzymes
and over 2000 transcription factors that are neddedhe regulation of lipid, protein and
nucleic acid metabolism and gene transcriptiois ihvolved in gene transcription at various
levels, via participation in histone deacetylatreactions and via factors possessing the zinc
finger motifs (Bibi Nitzan and Cohen, 2006). An ionfant family of zinc finger proteins is
the steroid or thyroid hormone receptors that hiatdnones and facilitate their wide range of
effects. Zinc also plays an important role in maiming the proper reproductive function,
immune status and wound repair through regulatibnDBA and RNA polymerases,
thymidine kinase and ribonucleases. It maintaincroghage and neutrophil functions,
natural killer cell activity and complement actyitlt activates natural killer cells and
phagocytic functions of granulocytes and stabilizbe plasma subcellular membranes
especially the lysosomes. It inhibits the expressad integrins by keratinocytes and
modulates the production of TNFand IL-6 and reduces the production of inflammgator
mediators like nitric oxide. It is also proposedttit is toll-like receptors mediated regulation
of zinc homeostasis which influences dendritic cklhction and immune processes
(Kitamuraet al, 2006). Zinc also possess the antioxidant prgmertl has been found useful
in preventing UV-induced damage and reducing tleedence of malignancies. It has also
been demonstrated to possess antiandrogenic pespers it causes modulation ofi-5
reductase type 1 and 2 activity (Bibi Nitzan anch@g 2006; Brocarét al, 2007; Sharma,
1985).

Mechanism of Zinc Toxicity: The main causes of zinc toxicity include food
poisoning, inhalation of zinc chloride, high dosmcz supplements and parenteral zinc
poisoning (Pluhatoet al, 1996). Intakes of 100to 300 mg/day zinc may tesqgribed by

physicians as a treatment for various medical grol| such as sickle cell anaemia and celiac
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disease. However, prolonged therapy with such digdes causes severe copper deficiency
(Fosmire, 1990; Prasad al, 1978). This level of supplementation is thougphaffect copper
metabolism by blocking copper absorption from thtestine (Fosmire, 1990; Guthrie, 1989).
Zinc toxicity may also induce a loss of copper (@ig, 1989). Both these losses may result
in anaemia.

Other reported consequences of zinc intakes oftd@D0 mg/day include changes in
the immune responses and blood lipids. In one stsulyjects took 150mg zinc twice a day
for six weeks which resulted in a demonstrated e¢Bdn in lymphocyte stimulation
responses, chemotaxis and phagocytosis of backgrigpolymorphonuclear leukocytes
(Chandra, 1984). In addition, an increase in lowsity lipoprotein and a decrease in high-
density lipoprotein (HDL) was observed, althoughglyceride and total cholesterol
concentrations did not vary significantly from blase

2.7.8 lron

Iron is the most abundant trace mineral in theylaottl is an essential element in most
biological systems (Goyer, 1996; Greentree and,H#DB5). About 70% of the iron in
mammals is found in haemoglobin and about 5% to KOBaund in myoglobin, iron is in the
ferrous (F&" form (Goyer, 1996; Greentree and Hall, 1995; igh, 1995). Ferric iron is
used in iron-containing enzymes such as peroxidasalase and cytochrome C.

Mechanism of Iron Toxicity: the toxicity of iron depends on the amount ofiro
already in the body. Consequently, some animal®ldpvclinical signs of toxicosis even
when they receive doses that cause no problemgher animals. Iron is most toxic when
given intravenously. Intramuscular injections assltoxic, and iron given orally is the least
toxic probably because the amount of iron absodrady is not 100% of the dose ingested
(Hillman, 1995). When assessing the potential ibxiof an iron overdose the amount of
elemental iron in the products must be determirditinfan, 1995). No clinical signs of
toxicosis are expected in dogs ingesting less Btamg/kg. Dogs ingesting between 20 and
60mg/kg of elemental iron can develop mild clinisedns. When the amount of elemental
iron ingested is greater than 60 mg/kg, seriousazl signs can develop (Greentree and Hall,
1995). In all animals, oral doses between 100 &tuh@)/kg are potentially lethal (Greentree
and Hall, 1995).
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Materials

3.1.1 Chemicals and Reagents

The chemicals and reagents used in this experimverg of analytical grade. They
include the following; Sodium Chloride from FisHecientific Company (New Jersey, USA),
Chloroform from BDH (Poole, England), Acetonitrifeom LOBA Chemie PVT Limited
(Mumbai, India), Nitric acid, Hydrochloric acid fmo BDH (Poole, England), and Hydrogen

Peroxide from Hydrox Laboratories (lllinois, U.S.A)

3.1.2 Equipment

The equipment used in this research were thosdahla in the Department of
Biochemistry Laboratory, Federal University of Teotogy Owerri laboratory, Technology
Partners International, Rivers State and Internationstitute of Tropical Agriculture,
Ibadan, Oyo State and they includes the followi@gntrifuge from Techmel and Techmel
(USA), UNISCOPE 801A Laboratory Water Bath, Suigiid Medicals (England),
Weighing balance from Ohaus (China), Oven from (Awex, New Delhi, India), High-
Performance Liquid Chromatography (Waters 2695aallie HPLC System, Milford, USA),
Atomic Absorption Spectrophotometer (Model AA-6308)m Shimadzu, Japan. Manual
Breast Milk Pump, Weighing Scale, and Measurenegpe ivas procured locally.

3.2 Methods

3.2.1 Study Area: The study was conducted in InadeStvhich is located in the Southeastern
part of Nigeria. The state geographically lies withatitudes 4°45'N and 7°15'N, and
longitude 6°50'E and 7°25'E with a total landmakaround 5,100 square kilometres. Imo
State shares boundary with Abia State on the Eager Niger and Delta State to the West,
Anambra State on the North and Rivers State toSbeth. The State has an estimated
population of about 5,408,756 people as of 2016 atiout 230 - 1,400 persons per square
kilometre, and 3.25% growth rate annually (NatioBateau of Statistics, 2018). Occupation
of city inhabitants is mostly farming, trading, corarce, with a small percentage of the

population working in private and public sectors.
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3.2.2 Ethical Approval and consent: Ethical applogpendix Ill) for the study was

obtained from the ethics committee of the Federatlighl Centre Owerri, Imo State, Nigeria
(Protocol No. 7932). The participants were informadzbut the objectives, assured of the
confidentiality of the study and if they agree wrtipate in the study, were asked to sign
written informed consent agreement (Appendix l)imRry data and breast milk were

subsequently collected.

3.2.3 Sample Size Determinatiothe samplesize was calculated by a single cluster using
the WHO formula (MSF, 1995). Since aflatoxicosis estimated at 17.9% for (South
Western) Nigeria (Atandat al, 2007) and the precision required was 5% of #mpde size,
the sample size was calculated as below.

N= Z°PQ xD/d*

Where
N = sample size
Q=1-P

P = expected prevalence of aflatoxicosis reporteeivdere in Nigeria which is 17.9%

Z = Standard normal deviation for risk error a 986afidence interval which is 1.96.

d = degree of accuracy which is 0.05

D = Design effect (1).

A sample size of 225 lactating mothers attendingeFa Medical Centre Owerri was taken
as the study subjects. Only subjects who were withe inclusion criteria and those who

agreed and signed the consent form participatéukistudy.

3.2.4 Sampling: About 30 ml of breast milk sampdess required in this study. The breast
milk samples were collected from 40 volunteeringdéing females in Owerri, Imo state July
and August 2019. The samples were collected usengual breast pumps during the normal
feeding of the infants into sterile plastic con&® and kept in a refrigerator®@) until

further analysis.

3.2.5 Inclusion Criteria: The inclusion criterigasished for this study shall include:
a. Evidence of breastfeeding
b. Record of breastfeeding

c. Duly completed food and sociodemographic questivasa
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3.2.6 Exclusion Criteria: The exclusion criteriablinclude volunteers under the age of 18
years and mothers with infants less than three nsoof age (Only matured milk was

required and not colostrums or transition milk).

3.2.7 Collection of participant’s personal informat and food consumption data: A
sociodemographic questionnaire was issued to thé#icipants to supply information
concerning their age, height, weight, number ofdchn, date of birth of their baby, highest
educational qualification, career, profession atate of residence. Additional details were
collected on the type of breastfeeding (supplententi¢h baby commercial formulas or not
and at the breast or not), and the weight of tHeyls birth and the point of breast milk
collection. The participant mothers also completedemi-quantitative food questionnaire
(Appendix ) about their consumption habits in theevious week (over 7 days). This
document shall include the following food categsrienaize, yam chips, plantain chips,
potato chips, groundnuts, groundnut oil, melon,saasa-based foods, beans, rice, bread,

yoghurt, cakes and dry fruits.
3.2.8 Determination of Afi

3.2.8.1Determination of AfMin Breast Milk SampteThe modified liquid-liquid extraction
method as described by Campaateal (2013) for simultaneous protein precipitation and
extraction of aflatoxin Mfollowed by dispersive liquid-liquid microextracti (DLLME) and
ultrahigh-pressure liquid chromatography-tandem smapectrophotometer was used for
determination of aflatoxin Min breast milk. Briefly, 5 ml of each of the breasitk samples
were placed in 15ml falcon tubes and centrifuge®GA0rpm and % for 10 minutes to
eliminate the cream in the upper phase. The ddfagsmples were then added 3.8ml
acetonitrile and 1.0g NaCl, shaking for 10 secorsted to FT in a water bath, then
mixed and centrifuged at 3000 rpm for 10 minutelse Brganic phase (acetonitrile upper
phase) containing the AfMwas quantitatively transferred to another conflzek and used
as a disperser in the dispersive liquid-liquid méttraction step. The dispersive liquid-liquid
microextraction was performed by adding 1.5 ml obfiorm (DLLME extractant) and 5ml
water in turn to the acetonitrile extract obtaimgdorotein precipitation procedure. The three-
component system was vigorously shaken by handGaseconds until a cloudy solution is
formed. The mixture was centrifuged for 15 minuae8000 rpm to separate the two phases.

The settled phase was quantitatively transferreal 2l Eppendorf vial using a syringe and
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blown to dryness. The residue was reconstitutedh winl of acetonitrile/water (1:1 v/v),

centrifuged and then injected into the chromatolgiapystem.

l injection

withdrawall

centrifugation
> >
sample solutien injection of cloudy sedimented removal drop
(containing dispersive solvent solution phase after of sedimented
analytes) containing extractant (dispersion) centrifugation phase

Figure 3.1: The dispersive liquid-liquid microexitian procedure (Zgota-Grgeowiak and
Grzeskowiak, 2011).

The dried samples were taken to the National Reke#nstitute for Chemical
Technology Zaria, Kaduna State, Nigeria for HPLG@lgsis.

3.2.8.2 High-Performance Liquid Chromatography (igiAnalysis

A high performance liquid chromatographic systématers 2695 Alliance HPLC
System, Milford, USA) with a quaternary, low-pregsumixing pump and inline vacuum
degassing, complete with Waters 474 Fluoresceneete, Waters TC2 temperature control
module, Waters column heater module and MasslyhxPL£ workstation was used for the
determination of concentration of AfMn breast milk extracts. An isocratic system (nbi
phase) comprising Acetonitrile:Methanol: Water (I7766) was also used for separation,
including a flow rate of 1ml/minute, an oven tengiare of 48C and an injection volume of
30ul. The Detector (Waters 474 Fluorescence Detest@y set at 360nm and 440nm for
excitation and emission. The concentrations of Afivimilk were estimated from a standard

curve (0.02 — 1.0ng/ml methanol) prepared from AfiMchloroform (Appendix V).

3.2.8.3 Trueness and Repeatability of Measuremé&nieness shall be determined by

percentage recovery obtained from experiments adedwith 50 millilitre of skimmed milk
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samples measured into three 100ml volumetric flasicsspiked at five different fortification
levels (10 ng/ml AfM, 15ng/ml AfMy, 20ng/ml AfMy and 25ng/ml AfM, 30 ng/ml Afivh)
with two other samples acting as control. Afshall be extracted as previously described and
percentage recovery rate calculated. Repeatahiléy expressed as the relative standard
deviations obtained in the recovery study. The ayempercentage of aflatoxin recovered was

9248 from skimmed milk. Repeatability was taker8as
3.2.9 Determination of Heavy Metals:

3.2.9.1: Digestion of breast milk sampldieavy metals in breast milk were determined
according to the method described by Kuretieal (2017) with slight modifications. Briefly,
about 10+0.01g of breast milk samples was digestdd20 ml 1:1 concentrated HNOHCI

in an acid digestion unit and incubated for 10 rteswat 158C for further 7 mins at 20C.
The digested sample was filtered with Whatmanrfitteper which was pre-rinsed with the
acid solution to avoid contamination. The digestathple was rinsed to make up the sample
to 50+0.05ml with distilled water. The levels of ,R&d, Cr, Cu, Zn, Fe, As, and Hg in the
digested samples were then determined with an At@bsorption Spectrophotometer. The
AAS equipment was calibrated with a primary staddaom a certified reference materials
producer (ISO 17025:2017 and ISO Guide 34 cerlifiexin inorganic ventures, USA.

3.2.9.2 AAS Analysis: The levels of Pb, Cd, Cr, G, Zn, As, and Hg in the digested
samples as determined with Atomic absorption spphstometer (AAS) under instrument
parameters (Table 1). The results obtained weriledéd using AAS wizard software. The
concentration of each metal was calculated usiadgdimula;
Concentration of Metal (mg/kg)

Nominal volume (ml)
Sample weight (g)

Final concentration (mg/l) =
Dilution Factor X
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Table 3.1: Recommended instrument parameters fumist Absorption Spectrometer

Element Wavelength (nm)Slit width (nm) Lamp current (mA) Fuel Support
Arsenic 193.7 0.5 10 AcetylendAir
Cadmium 228.8 0.5 4 Acetylendir
Chromium 357.9 0.2 7 AcetyleneAir
Copper 324.7 0.5 4 Acetylendir

Iron 248.3 0.2 10 AcetyleneAir
Lead 217.0 1.0 10 AcetylenéAir
Mercury  253.7 0.5 4 No flame  Air
Zinc 213.9 1.0 5 AcetyleneAir

3.2.10 Determination of estimated daily intake of AEMhe combination of the average
body weight of the babies (kg), the babies’ daibnsumption of milk (ml/kg) and the
average concentration of ARMn the samples was used in a deterministic metiood
calculate the estimated daily intake of AFNBogalhoet al, 2018). The equation is as

follows;

(Daily consumption of milk)

EDI (ng/kg b.w/day) = [concentration of AR

Babies'weight

3.2.11 Estimated daily intake (EDI) of heavy metalhe estimated daily intakes for the
analysed metals in the breast milk sample was kedémliby multiplying the respective mean
concentration of the metals (mg/kg) determined he breast milk by the babies daily
consumption of milk divided by the average bodygheiof the babies such that

{Dgaily consumption of milk)

EDI (mg/kg b.w/day) = [metal concentration}

Babies'weight

Note: The daily breast milk consumption estimatess® mi/kg (< 7kg baby weight) and 1
L/kg (>7kg baby weight) was used (Bogalkb al, 2018). The average body weight and

AFM; concentration were calculated for the groups.

3.2.12 Statistical analysis: Statistical analyséswwerformed using statistical software (SPSS
version 20.0). The results of ARMoncentrations and heavy metals concentratiorreash
milk were presented as meantSEM and analyzed usuligple linear regressions to evaluate
the association between AkMoncentrations and heavy metals concentratiomaadb milk
and maternal diet as well as with sociodemografattors. The p values of <0.05 and <0.01

were considered statistically significant. Simpéegentages and Bar charts were also used to
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present data on the sociodemographic factors anichated daily intakes of AFM

concentrations and heavy metals concentration.
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 Sociodemographic information of the infants bBrehstfeeding mothers

Table 4.1 shows the personal information of infaarid breastfeeding mothers. The
average age of the lactating mothers was 29.13t8a68e 24 — 39. All the mothers weighed
between 55kg — 125kg with an average weight of (F12.14kg. The average height of the
lactating mothers was 1.66+£0.09 meters which weitdinvthe range of 1.5 — 1.9. Only
47.5% of the lactating mothers have a Body MaseXn@MI) of 25 — 29.9 (Overweight)
while 27.5% of the lactating mothers had BMI ab80e(Obese). The average infant weight
at birth and at the time of sampling was 3.50+0¢b8kd 7.20+1.68kg respectively. Exactly
50% of the infants in our study were between thesagf 3 — 5 months, those between 6 — 8

months constitute 20% of the infants and 30% wboy@ 8 months of age.

Table 4.1: Participants Personal Information

Variables Range No. Mean+SD
Mothers age (years) 24 -39 40 29.13+£3.69
Mothers weight (Kg) 55-125 40 79.20+14.14
Mothers height (M) 15-1.9 40 1.66%0.09
Mothers BMI

v <20 19.48 — 19.481 (2.5%) 19.48+0.00

v 20-24.9 20.20 — 24.749 (22.5%) 23.41+1.53

v 25-29.9 25.15-29.6619 (47.5) 27.8611.64

v >30 30.47 — 40.8111 (27.5%) 34.96+3.33
Infants age (Months)

v 3-5 3-5 20 (50.0%)3.40+0.75

v 6-8 6- 8 8 (20.0%) 7.25+0.70

v >8 9-12 12 (30.0%)9.50+1.00
Infants weight at birth (kg) 22-49 40 3.508.5
Infants weight at the time of sampling (kgd.7 — 10.0 40 7.20+1.68

No. = number, SD=Standard Deviation
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Table 4.2: Profile of the Analysed Population ottaing Mothers

The profile of the analysed population of lactatmgthers was presented in Table
4.2. A total of 40 lactating mothers were selected the study and completed the
guestionnaires. The majority of the lactating modHeved in the urban area (65%), but only
35 % lived in the suburban area. Only 75% of tlntakéng mothers were employed as public
servants or in business. All the lactating motheese well-educated and the highest
academic qualification obtained by the lactatingtmeos was a bachelor's degree, few of
them (27.5%) were at the highest school graduatesut 40% of the study population in our
study may have in one way or the other been exposedeavy metals arising from
industrial/occupational exposure, air/water potiati foods, medicines, improperly coated

food containers or ingestion of lead-based paiossietics.

Mothers age, years

Variables 18-25 26-30 31-35 36-40 Total
Number of Mothers 06 21 08 05 40
Place of Residence
v' Urban 04 14 04 04 28 (65%)
v" Suburban 05 05 03 01 14 (35%)
Number of Children
v 1 05 11 02 04 22 (55%)
v 2-4 05 06 06 - 17 (42.5%)
v >4 - - - 01 01 (2.5%)
Breastfeeding Stage
v' 3 -5 months 04 09 03 03 19 (47.5%)
v' 6 — 8 months 02 01 02 01 06 (15.0%)
v 9 —12 months 03 07 02 01 13 (32.5%)
v’ 12 - above - 01 - - 01 (2.5%)

Time spent on breastfeedin@96 278 300 400 318
Employment status

v" Employed 07 12 07 04 30 (75%)

v" Unemployed 02 06 01 01 10 (24%)
Educational level

v' College 06 15 07 01 29 (72.5%)

v High School 04 03 - 04 11 (27.5%)

*Exposure to heavy metals  10% 15% 5% 10% 40%

*None of the participants in the study were smokess exposure was mostly from
industrial/occupational exposure, air/water potlati foods, medicines, improperly coated
food containers or ingestion of lead-based paiossietics (NORD, 2006).
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4.2 Foa Consumption Determinants Data of the S

As illustrated in figure 4.1, bread, cass-based diet, groundnut, groundnut oil, me
(corn), rice and tomatoes were more commonly coesuat least once daily, while bea
cakes, maize, melon, plantain ¢s and potatoes chips were more commonly consum

least once weekly.

R 100 - ] _
< | mDaily
S
c | BWeekly
e 50 - £
8 BMonthly
o)
a BNever
0
joc}
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g g 2 e e 2 9 F = 2 I 2 7
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Figure 4.1: Food Consumption Dz



4.3 Levels of AfM in Human Breast Milk

Table 4.4 shows the results of the occurrence dditéin M; in Breast Milk of
Mothers in our study area. The result showed thatmean (xstandard deviation) aflatoxin
concentration was 4.02+1.12 ng/L. Lactating mothetsveen the age of 31 — 35 years had a

higher aflatoxin M concentration that the other age groups.

Table 4.3: Occurrence of Aflatoxin Mn Breast Milk of Mothers

AfM 1 Concentration (ng/L)

Sample No. Range Mean+SD

18 -25 6 2.51 -5.06 3.78+0.80
26 — 30 21 2.35-7.08 4.02+1.23
31-35 3.28-6.14 4.68+1.18
36 — 40 2.33-5.01 3.52+1.15
Total Aflatoxin 40 2.33-7.08 4.02+1.12

AfM 1 — Aflatoxin; No. = number; SD=Standard Deviation
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4.4  Estimated Daily intake of Aflatoxin Nby the age of infants.

Figure 4.1 shows the mean concentration of Afilbl all the breast milk samples
consumed by the infants as well as by the infaetsvéen the ages of 3- 5 months, 6 — 8
months and above 8 months which was 0.34+0.04 ngfkbgody weight/day for all the
infants but 0.34+0.06 ng/kg of body weight/day ifdiants between 3 — 5 months, 0.29+0.07
ng/kg of body weight/day for infants between 6 m8nths and 0.38+0.04 ng/kg of body
weight/day for infants above 8 months.
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Figure 4.2: Estimated Daily intake of Aflatoxin;Nh Breast Milk of Mothers by age of

infants. | = 3 — 5 months, Il = 6 — 8 months, 1148 months, IV=Total number.

4.5  Association between Maternal Diet, Employmetatis, Educational Level and
Aflatoxin M1 in Breast Milk.

Table 4.6 shows the result of the correlations betwmaternal diet, employment status,
educational level and aflatoxin;rtevel in breast milk. The result indicated that thely
consumption of cassava-based foods, groundnuintize, Tomatoes and Dry fruits was
positively correlated with Af\M contamination (p<0.01, 0.05) although the assmcialvas
found to be non-significant (p>0.01, p>0.05). Tkeuit also showed a non-significant weak

positive correlation between education level, emplent status and AfiMiconcentration
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Table 4.4 Correlations between Maternal Diet, Emmlent Status, Educational Level and

Aflatoxin M Level in Breast Milk.

Parameters Aflatoxin M_evel In Breast Milk

Beans Daily r 0.123
0.450
-0.301
0.059
0.183
0.259
-0.038
0.817
0.040
0.806
0.040
0.805
0.510°
0.001
-0.407
0.002
0.243
0.131
-0.205
0.203
0.427
0.006
-0.328
0.039
0.479
0.002
-0.049
0.770
0.279
0.081
-0.211
0.191
0.579
0.000
-0.422
0.007
0.347
0.028
0.032
0.843
Employment Status r 0.243

p 0.130
Educational level r 0.204

p 0.206

Weekly
Bread Daily
Weekly
Cakes Daily
Weekly
Cassava based foodaily
Weekly
Groundnut Daily

Weekly

T-0D 0= "0 =T T =T =<=T =0

Groundnut oil Daily

=

Weekly
Maize Daily

Weekly
Rice Daily

Weekly

TV =0 =T =T =T =T

Tomatoes Daily

-

Weekly
Dry fruits Daily

Weekly

T =T - T =0T

“Correlation is significant at the 0.01 level (2¢d). Correlation is significant at the 0.05
level (2-tailed).



Table 4.5: Recently Reported Prevalence and Lewiflatoxin M, in Breast Milk of Mothers in Nigeria and other ciies

Country (year) Incidence rate (%oMean level £ SD (ng/L) Range (ng/L) References

Brazil (2016) 5/94 (5.35%) 1845 13-25 Ishikaetaal, 2016
Colombia (2015) 45/50 (90%) 5.2 0.9-18.5 Diaz 8adchez, 2015
Cyprus (2017) 40/50 (80%) 7.84+1.72 5.36 — 28.44 ntkret al, 2017
Egypt (2011) 87/125 (69.6%) 74.413+7.070 7.3 -828. El-Traset al, 2011

Iran (2012) 8/132 (6.06%) 9.45+1.50 7.1-10.8 G&ilma and Maghsood, 2012
Iran (2015) 85/100 (85%) 5.91+2.03 2.0-10.0 Miagglal, 2015

Iran (2017) 39/250 (15.6%) 4.54+0.47 11.1 - 39.3 fardat al, 2017
Jordan (2012) 80/80 (100%) 67.78+4.6 9.71 — 137 Q@&ar (2012)

Lebanon (2016) 104/111 (93.8%) 4.32+1.8 0.22 — 7.8Flaridiet al, 2017
Nigeria (2019) 9/40 (22.5%) 4.02+1.12 2.33 —7.08 hisBtudy

Portugal (2015 - 2016)22/67 (32.8%) 7.4+1.9 5.1-10.6 Bogaktal, 2018
Turkey (2014) 18/73 (24.6%) 3.01+1.42 1.3-6.0 sateeret al, 2014
Turkey (2016) 66/74 (89.2%) 19.0+13.0 9.6 - 80 ¢l al, 2016

42



43

4.6 Heavy Metals in Human Breast Milk

Table 4.6 presents the levels of some heavy m@alsCr, Cu, Fe, Pb and Zn) as toxic contaminditte. concentrations of the selected
heavy metals were in the order Fe>Pb>Cu>Cd>Cr>Zm (Fe), Lead (Pb) and Copper (Cu) were the salelseavy metals detected in high
concentrations in the breast milk. Mercury (Hg) #wdenic (As) were not detected in the breast sdllknples. The mean (xstandard deviation)
values of these heavy metals were Cd: 0.029+0.043m@r: 0.019+0.011mg/L, Cu: 0.035+0.013mg/L, Fe049+0.039mg/L, Pb:
0.038+0.013mg/L and Zn: 0.009+0.008mg/L.
Table 4.6: Concentrations of Pb, Cd, Cr, Cu, Zn,Fesand Hg in Breast Milk of Mothers and the effeiomothers age, mg/L

Age of mothers, years NoCd Cr Cu Fe Pb Zn

18 — 25 6  0.025x0.0f3 0.020+0.013  0.034+0.0i1 0.051+0.059 0.044+0.013  0.007+0.051
26 — 30 21  0.031+0.03#4 0.018+0.012" 0.037+0.014" 0.047+0.024 0.039+0.012  0.008+0.008
31-35 8  0.028+0.0%3 0.026+0.01%° 0.045+0.008 0.067+0.057 0.039+0.015  0.018+0.013""
36 — 40 5  0.027+0.016  0.014+0.042 0.029+0.014  0.031+0.0160.031+0.012" 0.006+0.021
Mean 40 0.029 0.019 0.035 0.049 0.038 0.009
Standard Deviation 40 0.013 0.011 0.013 0.039 0.013 0.008
Minimum Value 40 0.011 0.006 0.013 0.015 0.012 6.01
Maximum Value 40 0.051 0.048 0.059 0.017 0.059 ®.03
Median 40 0.037 0.016 0.036 0.036 0.038 0.064
25" percentile 40 0.016 0.011 0.022 0.026 0.024 0.048
75" percentile 40 0.041 0.027 0.044 0.059 0.052 0.014
Effect of Mother's Age 40 p>0.05 p>0.05 p>0.05 p>0.05 p<0.05 p>0.05

Note: The Concentrations As and Hg in the breast natkgles were found to be below detection limitshe/AAS machine and therefore were
not presented in the table.
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4.7 Mean Daily Intake of Heavy Metals in Breast iMil

Figure 4.3: Estimated daily intake of Pb, Cd, Qu, €n, and Fe from breast milk per
kg of infant's weight. Note: Values for Arsenic jAsd Mercury (Hg) were not represented
in the chart because their mean values were bebtewdetection limit. The result of the
estimated daily intake of breast milk by the brisskinfants shows that heavy metals such as

Pb, Fe, and Cd are ingested more daily than otle¢alsanalysed.
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4.8  Association between Daily and Weekly Materna&tDHeavy Metal Exposure and
Heavy Metals in Breast Milk.

There was a weak positive but non-significant datien between heavy metal
content and daily intake of maternal diet exceptldeans where a significant correlation
(p<0.01) was found with Cr, Cu and Zn. A weak pesibut non-significant correlation was

also observed between exposure to heavy metalsasuCh, Fe and Pb and maternal diets.
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Table 4.7; Correlations between Daily and Weeklyévizal Diet, Heavy Metal Exposure and
Heavy Metals in Breast Milk

Diet Heavy Metals In Breast Milk

Cd Cr Cu Fe Pb Zn

Beans Dailly r 0.204 0.403 0.423 0271 0.258 0.587
p 0207 0.010 0.007 0.091 0.109  0.000

Weekly r -0.149 -0.417 -0.160 -0.149 -0.416 -0.174
p 0.358 0.008 0.324 0.359 0.007 0.282
Bread Daily r 0.003 0.037 0.064 -0.117 -0.083 0.114
p 0986 0.822 0.696 0.473 0.612 0.484
Weekly r 0.188 0.022  -0.037 0.206 0.118  -0.055
p 0245 0.895 0.822 0.202 0.469  0.735

Cakes Daily r 0.233 -0.159 -0.189 0.071 -0.325-0.074
p 0.166 0.329 0.242 0.662 0.041  0.650

Weekly r 0.303 0.173  -0.035 0.420 0.287  0.201
p 0057 0.284 0.830 0.007 0.073 0.214

Cassava based food Daily r 0.037 0.120 0.135 0.158.130 0.278

p 0.821 0.461 0.407 0.332 0.425 0.082
Weekly r -0.177 0.005 0.074 -0.278 -0.276 -0.184
p 0276 0.975 0.651 0.082 0.085 0.255
Dry fruits Daily r 0.089 -0.071 0.013 -0.124 0.154 0.155
p 0585 0.661 0.937 0446 0.341 0.341
Weekly r 0.122 0.201 0.024 0.266 0.086 0.095
p 0.452 0.213 0.881 0.097 0.596 0.561
Groundnut Daily r 0.100 -0.021 0.013 -0.136 -0.0340.118
p 0.538 0.899 0.939 0.404 0.836 0.467
Weekly r -0.019 0.232 0.032 0.163 0.068 0.068
p 0.908 0.151 0.847 0.316 0.676 0.675
Groundnut oil Daily r 0.021 -0.036 0.095 0.032 @07 -0.041
p 0.897 0.826 0.561 0.843 0.655 0.799
Weekly r -0.161 0.000 0.093 -0.055 0.015 0.019
p 0.322 0.999 0.569 0.734 0.927 0.909
Maize Daily r 0.222 -0.042 -0.080 0.228 0.087 0.193
p 0169 0.797 0.625 0.157 0.592 0.234
Weekly r 0.235 0.047 -0.112 0.208 0.028 -0.019
p 0.144 0.772 0.491 0.197 0.862 0.905
Rice Daily r 0.067 0.232 0.208 0.291 0.184 0.286
p 0.683 0.150 0.197 0.068 0.257 0.074
Weekly r -0.146 -0.310 -0.067 -0.210 -0.256 -0.232
p 0.369 0.051 0.679 0.194 0.111 0.149
Yoghurt Daily r -0.046 0.005 0.176 0.002 0.126 6.14
p 0778 0.974 0.278 0.992 0.439 0.371
Weekly r 0.033 0.110 -0.068 -0.001 -0.043 0.056
p 0.838 0.498 0.677 0996 0.791 0.730
Tomatoes Daily r 0.189 0.209 0.138 0.091 0.283 ®.23
p 0.243 0.195 0.397 0577 0.077 0.153
Weekly r -0.240 -0.024 0.092 -0.072 -0.294 0.035
p 0.137 0.884 0.570 0.661 0.066 0.830

Exposure to heavy metals r -0.068 -0.090 0.108 79.0 0.086 -0.078
p 0.675 0.581 0.507 0.627 0.597 0.634

Note: As and Hg in the breast milk samples werendoto be below detection limits by the
AAS machine and therefore were not presented iriable.” Correlation is significant at the
0.01 level (2-tailed).Correlation is significant at the 0.05 level (2.
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Infancy is considered a unigue period in human tfge mainly to the dependence of
infants on breast milk from mother as the only miotmal source (Emmett and Rogers, 1997).
The most bio-available source of nutrients for mi$ais human breast milk, which also
provides the hormones and immunological factors phatect infants from potential disease-
causing agents (Turck, 2005). Several factors Hmeen reported to affect the quality of
human breast milk, among which the primary causebiast milk contamination is
considered to be maternal consumption of contamihdbods. Aflatoxins as a highly
carcinogenic, mutagenic, and teratogenic categbnyygotoxins (McLean and Dutton, 1995)
are known to be one of the most active toxins ématanger human health. Because the rate
of biotransformation in children is lower than iduéts and because of a higher rate of growth
along with increased consumption of food and watey weight (WHO, 1986), children are
considered highly susceptible to the detrimentdot$ of environmental toxins, especially
aflatoxins. Early childhood exposure to aflatoxinsas been shown to cause
immunosuppression, impairment of growth and undigie Several studies in different
countries have confirmed the presence of AMFdth in infant formula and in human breast
milk. Hence, AFM in lactating mothers ' breast milk can be viewsdaapossible health-
threatening concern for children.

The data presented here give a sign for mothehitd transmission of Aflatoxin M
and selected heavy metals through breast milk. €Fbes, there are few issues for concern
about child exposure to aflatoxin;Mind heavy metals through breast milk. In develgpin
countries like Nigeria, infants are breastfed ferlang as 2 years of age (Adewuyi and
Adefemi, 2016). Thus long term introduction to &dkin M; and heavy metals may add to
long term health problems.

In Eastern Nigeria, most people predominantly carestheir traditional foods such as maize
(corn), cassava-based diet, rice, yam, groundndt pantain. These traditional foods are
always available all through the year, due to hpgybduction yield and availability of
traditional storage methods. It is important herestate that storage factors can potentially
add up to the risk factors for AfRontamination of food and feed. In Nigeria, a mégztor

to aflatoxin exposure is poor harvest managemenhefharvested crops. In small farm
communities, the crops harvested are usually teftily over plastic or synthetic sheets,
which may promote Aspergillus growth and toxin protibn (Galvancet al, 1996). Most of
the crops are consumed locally by either the haldebr close communities. Worldwide,
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two of the major sources of aflatoxin exposure gnaindnuts and Maize (corn). These two
crops are mainly consumed in Nigeria in severam®mas boiled corn, roasted corn with
groundnut, and groundnut oil.

During the lactation phase, mothers are exposedutoerous naturally occurring
and/or synthetic contaminants and nearly all notsieare also polluted to different degrees
with these kinds of pollutants. For example, ifediént systems, determining their levels in
biological systems is important for breast milk whensidering infants ' vulnerability. AfM
contamination was detected in 100% of all the lWreakk samples. This high prevalence in
Nigeria matches the recent reports within otheroregyin Nigeria; Northwest region (77.5%,
Makunet al, 2016), Southwest region (17.9%, Ataradaal, 2007) and from other countries
such as Cyprus (80% by Kuntet al, 2017), Iran (85% by Malelet al, 2015), Turkey
(89.2% by Kilicet al, 2016), Colombia (90% by Diaz and Sanchez, 2@hf)Jordan (100%
by Omar, 2012). However, the prevalence in Nigesa lower than those reported in Brazil
(5.35% by Ishikawaet al, 2016) and Portugal (32.8% by Bogalko al, 2018). The
concentration range of Aflatoxin Mn breast milk in our study was 2.33 — 7.08 ngihjch
is lower than that reported for Turkey (9.5 — 8diLnby Kilic et al, 2016), Portugal (5.1 —
10.6 by Bogalheet al, 2018), Jordan (9.71 — 137.18 ng/L by Omar, 20kah (11.1 — 39.3
ng/L by Jafariet al, 2017), Egypt (7.3 — 328.5 ng/L by El-tragtsal, 2011), Cyprus (5.36 —
28.44 ng/L by Kunteet al, 2017), Brazil (13 — 25 ng/L by Ishikavea al, 2016) but higher
than that reported for Turkey (1.3 — 6.0 ng/L bpgdvert al, 2014).

The mean concentration of AflatoxiniNh our study was 4.02+1.12 ng/L which was
lower than the recent reports from other counfuiesented in table 4.3 except for the report
from turkey in 2014 (3.01+1.42 ng/L) by Atasevet al, (2014). The differences in
prevalence, range and concentration of AfM1 repbite breast milk obtained from lactating
mothers in different countries are due to diffeea analytical methods used to quantify
AfM1 and factors such as climate and environmentdod storage, especially humidity and
temperature (Elaridet al, 2017). Under these favourable conditions AfBprsduced from
these products in agricultural products and aftersamption, AfB1 is metalized into AfM1
and secreted into breast milk. The differences igtady habits between populations in
different countries are another relevant factoafidi et al, 2017). In our study, none of the
contaminated samples exceeded the legal limit or@ZmL) for AfM; in breast milk as set
by the Nigerian National Food Administration and n@ol (NAFDAC) and European

Commission as reported in various literatures (Gabet al, 1996; Makuret al, 2016).
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The mean concentration of AfMn all the breast milk samples consumed by the
infants as well as by the infants between the a§& 5 months, 6 — 8 months and above 8
months were used to determine the estimated datke of AfMy which was 0.34+0.04
ng/kg of body weight/day for all the infants buB£+0.06 ng/kg of body weight/day for
infants between 3 — 5 months, 0.29+0.07 ng/kg afybmeight/day for infants between 6 — 8
months and 0.38+0.04 ng/kg of body weight/day fdamts above 8 months. This estimated
daily intake value was lower than that reported.étbanon (0.69 ng/kg of body weight/day,
Elaridi et al, 2017), Mexico (2.35 ng/kg of body weight/day,n@aCornelioet al, 2016)
and Egypt (6.7 ng/kg of body weight/day, Polychtanat al, 2007). Aflatoxins are
carcinogenic and genotoxic substances and currethiéye is no existing threshold value
below which the risk of human health is equal twzé&lthough the National Food and Drug
Administration and Control (NAFDAC) in Nigeria aselvas the Joint FAO/WHO Expert
Committee on food additives (JEFCA) has not esthbli a tolerable daily intake for
aflatoxin yet, however, they strongly recommend tha concentration of aflatoxins should
be as low as reasonably achievable. Thereforetotheological significance of aflatoxin in
maternal milk should not be overlooked. Accordingtyis beneficial to reduce the mother's
exposure to aflatoxins and thus minimize infantesxe by breast milk. Where the source of
contamination is clearly defined, post-harvest ngen@ent of risk products, efficient
labelling and food processing and restricting thgosure of lactating mothers to
contaminants in the environment should be encodrage

In this study, food consumption by lactating mosheras in agreement with the
traditional Nigerian diet (Okeket al, 2009). Analysis of AfM concentrations in breast milk
and consumption of various food groups indicatemt the daily consumption of cassava-
based foods, groundnut oil, maize, Tomatoes andfiiis was positively correlated with
AfM 1 contamination (p<0.01, 0.05) (Table 4.5) althotlglhassociation was found to be non-
significant (p>0.01, p>0.05). In Africa, a corrétet between ingested food and AfNh
body fluids has been observed (Adejuat@l, 2013; El-traet al, 2011). Reports by authors
elsewhere have also reported a relationship betwd#&n concentration in breast milk and
consumption of certain foods (Elarieli al, 2017; Bogalheet al, 2018; Polychronalket al,
2007; Sadeghet al, 2009). A strong association has been establibkédeen employment
statuses, education level and Afldoncentration in lactating mothers (Elaredial, 2017).
Unemployed mothers with a lower educational leveé assumed to have lower
socioeconomic status and thus are more likely tseme food contaminated with Afiand

AfM 1 because higher quality products tend to be moperesive (Polychronalgt al, 2007).
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This assumption was not completely supported in siudy where a correlation between
AfM; and education and employment status showed a goifisant weak positive
correlation between education level, employmeritistand AfM content.

The mean (xstandard deviation) values of heavy Isiatabreast milk were Cd:
0.0294+0.013mg/L, Cr: 0.019+0.011mg/L, Cu: 0.0354@@g/L, Fe: 0.049+0.039mg/L, Pb:
0.038+0.013mg/L and Zn: 0.009£0.008mg/L. The resiltthe estimated daily intake of
breast milk by the breastfed infant show that hematals such as Pb, Fe, and Cd are
ingested more daily than other metals analysed.reTheas a weak positive but non-
significant correlation between heavy metal conterd daily intake of maternal diet except
for beans where a significant correlation (p<0.@&s found with Cr, Cu and Zn. A weak
positive but non-significant correlation was aldiserved between exposure to heavy metals
such as Cu, Fe and Pb and maternal diets.

The presence of the selected heavy metals in ti&tilag mothers ' breast milk points
to the fact that these mothers were put at risknfthese toxic contaminants. Those heavy
metals are known to affect the health of the inf&xiposure of breastfed infants by lactating
mothers to these heavy metals induces risk in iegshgfants after birth (Yurdakok, 2015).
Lead, which is one of those toxic heavy metals hmav&nown biological function in humans.
The agency for toxic substances and disease nggistiheir report has outlined the main
sources of exposure to lead (ATSDR, 1993). Howeaserpollution has remained the major
route of lead exposure. Leaded gasoline is a ns@orce of air pollution in urban areas and
is the major factor responsible for elevated leadrban lactating mothers (Markowitz 2000).
It is transported to selected tissues in the baayeahe lead is absorbed and concentrated
more in the bones (Poponikolaetial, 2005). Much of the lead in breast milk doesauwhe
from exposure to diet or mother during lactation foom the bones of the mother. No reports
of toxicity due to lead from breast milk have beeiblished. The concentration of lead in the
breast milk of lactating mothers was below the pssihle limit (0.01 — 0.02 mg/ml) for lead
in breast milk by FAO/WHO Codex Alimentarius Comsis (Codex, 2011). The results
were also found to be higher than those reportedotber countries but similar to that
reported elsewhere in Nigeria (Table 4.6).

Cadmium is another toxic heavy metal which has nown function in the human
body (Yurdakdk, 2015). The major source of cadmiemposure is smoking tobacco
(Yurdakdk, 2015). Higher levels of cadmium haveodisen detected in certain seafoods and
in the liver and kidneys of mammals fed a diet richcadmium. Cadmium is gradually

excreted through the renal path, when ingested DR,S2011). Over time, cadmium
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accumulates gradually mainly in the liver and kignand to a lesser extent in the muscles
and bones (HSDB, 2006). The placenta and breast aslo excrete cadmium (ASTDR,
2009). A significant association has been estadtisivetween breast milk cadmium
concentration and calcium secretion in breast fARSDR, 2011). This indicates that
maternal exposure to cadmium may result in insigfficcalcium in breast milk (Hond al,
2003). Results of the present investigation showed the mean (xstandard deviation)
cadmium concentration (0.029+0.0013mg/L) in theabtemilk of lactating mothers was
below the International Food Standards level (8-:@05mg/ml) set by FAO/WHO (Codex,
2011) but was higher than those reported for brealt of lactating mothers from other
countries (Table 4.6).

Chromium is another heavy metal that plays esdeawlies in the body. It is reported
to improve insulin sensitivity enhance carbohydraped and protein metabolism. There is a
paucity of information on the amount of chromiumquiged by the body. Available reports in
literature so far contain conflicting informatiomhe FAO/WHO joint committee on food
standard provided a permissible limit of Qu@A_ for breast milk chromium (Codex, 2011).
The result of breast milk chromium from our stutipwed that chromium concentration was
above the permissible limit and very much highenthhe results reported from Sweden
(Bjorklund et al, 2012). Postnatal administration of infants teawalent chromium through
breast milk exposes them to excessive oxidativesst(Stanlegt al, 2013). No significant
positive correlation was observed between brealt afiromium in our study. This is in
agreement with the previous study by Andersbal (1993).

Iron, copper and zinc are trace elements that kmeg/n metabolic functions in the
human body. Their deficiency symptoms are assatiaith certain metabolic dysfunctions
including anaemia, neutropenia, growth retardaéind impaired immune function. Previous
studies have shown no significant correlation betwmaternal iron, copper and zinc status
and breast milk iron, copper and zinc concentratidomell6fet al, 2004; Orunet al,
2012; Frielet al, 2018). The association between copper, zincil@mdconcentrations and
certain sociodemographic factors like maternal arfidnt age, weight, height etc are still
contentious (Oruret al, 2012; Frielet al, 2018) with some authors reporting a positive
association between the metals and these factdws.rdsult of the present investigation
showed a positive correlation between daily matetigt and concentration of Cu, Zn and Fe
in the breast milk.
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4.9  Some Reports on the Concentrations of Toxio/iezetals (1g/L) by Country

Table 4.8; Cd, Cr, Cu, Fe, Pb, and Zn concentratiothe breast milk of mothers from Nigeria anldentcountries

Country Cd g/l) Cr (ug/l) Cu (mg/l) Fe (mg/l) Pbu@/l) Zn (mg/l) References

Greece 0.19 - 0.38 - 0.48 4.90 Leotsinelisl, 2005
Iran 0.62 -6.35 - - - 3.18-24.67 - Rahenal, 2009
Italy <LOD - 0.35-0.42 - 0.85-1.07 0.70 - 0.90 Abalk al, 2008
Nigeria 9.7 - 0.83 - 8.7 0.7 Adesiyanal, 2011
Poland 0.21-7.35 - 0.03-0.46 0.49-12.0 0.04 — 8.16Winiarska-Mieczan, 2014
Portugal - - 0.33-0.97- 0.07 -4.03 0.39 — 5.0%Imeidaet al, 2008
Saudi Arabia 1.73 - - - 31.67 - Al-Saleét al, 2003
Spain 0.6-11.3 - - - 0.1-32.3 - Rodrigee¢al., 1999
Sweden 0.028-0.27 0.026-16 0.33-0624-0.800.74-6.4 1.24 — 5.71Bjorklund et al, 2012
Tanzania 24.1 - 35.9 - - - 32.4-1630 0.23 — 1KBamiset al 2017
Nigeria 11.02 — 51.005.90 — 48.20 0.01 — 0.06 0.02 —0.17 12.07 — 59.50 0.01 — 0.03 This study

LOD - limit of Detection.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1  Conclusion

The present report on the occurrence and levelsonfe heavy metals and AfM
concentration in the breast milk of nursing motherghe first of its kind in Eastern Nigeria.
A high prevalence (100%) of AfMwas detected in the breast milk of all the studlyjexcts.
AfM 1 concentration was also positively and significanissociated with the daily
consumption of foods such as cassava, groundnutnmize, tomatoes and dry fruit.
Although none of the samples exceeded the Natamadlinternational legal limit for Afivin
breast milk, the high prevalence of AfNh the breast milk of lactating mothers in Nigeria
suggests that infants may be exposed to this thxaugh breast milk.

Given the results obtained, it is clear that theti and analysis of mycotoxins and
heavy metals in the breast milk samples are negess&now if preventive measures and
good agricultural handling practices are impleménfehese are the first tools to avoid the

appearance of these mycotoxins and heavy metalsednde exposure to the population.

5.2 Recommendation

Attempts should be directed to finding ways to the presence aflatoxins and
heavy metals in breast milk and infants’ exposmeople, especially mothers should be
educated about ways of conveyance of aflatoxinshaady metals into foods, and associated
hazards following unsuitable food storage and iige®f contaminated foods. This warrants
the need for monitoring the AfMevels and heavy metal concentration in humangbreak
samples over the breastfeeding period. Consideéhagenefits of breast milk to the health
and nutrition of infants, this study should be i@pd periodically with other areas within
Nigeria included and findings from the study shob#linterpreted thoughtfully and made
public. Adequate prophylactic and control measwgiesuld be devised to decrease AfM

presence in human breast milk and the resultingsxe of lactating newborns.
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APPENDIX |
Informed Consent Form
SIMPLE BREAST MILK EXTRACTION (JULY - SEPTEMBER)

CONSENT FORM TO PARTICIPATE IN RESEARCH

Study title: Levels of Aflatoxin M and Heavy Metals in the Breast Milk of Lactating

Mothers in Owerri, Nigeria.

Preamble This is a biomedical research/study sponsorethéyprincipal researcher for the
partial fulfilment of a degree of Masters of Scienc the Department of Biochemistry at the
Federal University of Technology Owerri, Imo stale.this study, you will be required to
give about 50.0 ml of your breast milk once for fugpose of the our research exercise. The
laboratory personnel involved in collection of ydareast milk or any other member of the
research team available at the time of collectibgonr breast milk sample will explain the
aim and objectives of this study if you wish to kind°lease, feel free to ask questions about

the research/study in the course of this study.

What you are required to do as a breast milk dond? If you agree to participate in this
study as a breast milk donor, breast milk will lnlected from you using a manual breast
pump. This will take about 5 minutes. You will alb@ required to complete a semi-
guantitative food questionnaire about your food stonption habit in the previous week
(over 7 days). This include the following food agiges: maize, yam chips, plantain chips,
potato chips, ground nuts, ground nut oil, melassava based foods, beans, rice, bread,

yoghurt, cakes and dry fruits.

What are the risks of my participation? There are no life threatening risks; but the sirea

milk pump may hurt a little during breast milk aadtion.

Are there benefits? There is no benefit to you. The breast milk sanwll be used solely

for research.

Will my medical information be kept confidential? We will do our best to protect the
information. Information that identifies you wilelkept secure and restricted. However, your
personal information may be given out if requirgddw. If information from this research is
published or presented at scientific meetings, ymame and other identifiers will not be

used. Information that identifies you will be dested when this research is complete.
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Are there any costs or payment3 No. Your participation in this study is solelylwatary.

Likewise, you will not be charged for donating semilk sample.

What if | get injured ? The research team shall provide the necessatyaftt and medical

treatment at no cost to you.

Can | say “No’? Yes, you do not have to donate breast milk sanigl this study. If you
decide not to be in this study, you will not bectamned or lose any benefits.

Who can answer my questions about the stu@yYou may ask any questions, concerns, or
complaints to laboratory personnel or the principaéstigator/researcher

Name Mrs Lynda C. Ekeanyanwu.

Institution : Federal University of Technology Owerri, Imo $talligeria.
Department: Biochemistry

Telephone Number (Mobile) +2348037536484

Email address nwokedichidinma@yahoo.com

CONSENT

v | conform that | have read, or it has been reachég the foregoing information and |
understand the contents of iNFORMED CONSENT FORM .

v | have had the opportunity to ask questions abloeitstudy and understand what is
involved.

v | understand that my participation is voluntary dihdt | am free to withdraw at any
time without giving any reason, without my medicake or other legal rights being
affected, and | understand that any remaining sampl be destroyed at my request,
but data collected up to the point of my withdrawely still be used.

v' | agree to provide 50.0ml of breast milk sample eorduring the study visit
(equivalent to approximately one-third of a staddaanual massage breast pump).

v | also agree to complete a semi-quantitative fgoéstionnaire about my food
consumption habit in the previous week (over 7 Ylays

v' | agree to allow information about me to be cobegtanalyzed, reported and
transferred to other approved collaborators anshdeustand that my identity will

remain anonymous.
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IF YOU WISH TO PARTICIPATE IN THIS STUDY, PLEASE SIN BELOW

Date Participant’s Name and Signature forggon
Date Person obtaining Consent
Date Witness Name and Signature — only requfréae participant

is a non English speaker

Cc;

Participant

Principal Researcher/Investigator
Laboratory/Hospital Notes (if required)
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APPENDIX lI
Questionnaire

Declaration

Ly e e declare that | gav
consent for the collection of breast milk for suisent determination of aflatoxin M

and heavy metals.
Date..........cooveenn.
Signature..........coociiiiiiiii.

The questionnaire aims to evaluate a potentiaktation between the consumption of certain

foods, normally associated with the presence at@afin My and heavy metals in breast milk.

Individual characteristics:
1. Career/profession:
Mother’s Date of birth:
Date of birth of your baby:
Mother’s Height (cm):
Height of your baby at birth (cm):
Highest education qualification:
Number of children:
Place of residence:
Mother’s Weight (kg):
10. Weight of your baby at birth (kg):

© © N o o bk~ 0N

Characteristics of breast feeding
1. Age of the baby (month):
2. Time spent on breast feeding (minutes) each day:
3. Type of breast feeding (supplemented with baby ceraial formula or not and at the
breast or not):
4. Weight of the baby at the time of milk collectida]:

Note Try to answer these questions in a sincere wagjcating the frequency of
consumption of the foods mentioned in the tablee Tuestionnaire aims to identify the
consumption of foods associated with the presehedlatoxin M, and heavy metals prior to
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the collection of breast milk. So for each fooduyaust indicate (by filling in a “x” in the

respective option) how many times per day or pezkngou ate on average each of the foods

referred to in this list over the last month.

Instruction : Indicate the frequency of consumption (check with”) of the food consumed

at the last month.

Daily frequency Weekly frequency Mon
Food/amount 1 daily| 2 daily| >3 daily| 1*- 2* | 3*- 4* | 5*- 6* | Never| 1*- 3*
Beans
Bread
Cakes

Cassava based foods
Coffee

Dry fruits
Groundnut
Groundnut oil
Maize

Melon
Plantain chips
Potato chips
Rice
Tomatoes
Yam chips

Yoghurt

*Number of times each food is consumed.

th
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APPENDIX IV

Aflatoxin standard calibration curve

AfM1 Caliberation Curve
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APPENDIX V

Heavy metals Standards Calibration curves for AAS

Cr Caliberation curve
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