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Abstract

The constant release of contaminants of emerging concern (CEC) such as parabens and heavy
metals into groundwater systems is becoming of great concern due to their numerous negative
effects on plants, human and animal health since groundwater is a major source of water supply.
In this study, ten (10) randomly selected groundwater sources from two communities were
investigated for the concentrations of parabens and heavy metals. Preparation of samples for
parabens was done using Solid Phase Extraction (SPE) while analysis was carried out on LC-UV.
Instrumental analysis was carried out for heavy metals using Perkin Elmer Inductively Coupled
Plasma-Optical Emission Spectrometry optima 8000 (ICP-OES), Shimadzu. The trend of total
concentrations of parabens was EtP < PrP < MeP < BuP with values ranging from 30.14 to
400.08 µg L-l. The toxicity of parabens to aquatic organisms was in the order algae < fish <
daphnia. In addition, the concentrations of heavy metals such as Fe, Al, Co, Cr and Pb were
observed to exceed WHO permissible limits of 0.3, 0.2, 0.01, and 0.05 mg L-1. Furthermore,
human health risk assessment data revealed that target carcinogenic risk (TCR) values for heavy
metals in children and adults were higher than the permissible limit of 1.0 x 10-4 and were in the
order of Ni > Cr >Pb. Conclusively, the human health assessment results from this study
revealed that consuming water from these sources is not safe for the dwellers of both
communities.

Keywords: Groundwater, Parabens, Heavy metals

Word Count: 240



vi

Table of Contents

Content Page

Title page i

Certification ii

Dedication iii

Acknowledgement iv

Abstract v

Table of Contents vi

List of Tables xii

List of Figures xiv

List of Acronyms xv

Chapter One: Introduction 1

1.1 Background to the Study 1

1.2 Statement of the Problem 4

1.3 Justification of the Study 5

1.4 Aim and Objectives of the Study 5

1.5 Research Questions 6

1.6 Significance of the Study 6

1.7 Scope of the Study 6

1.8 Limitation of the Study 7



vii

1.9 Operational Definition of Terms 7

Endnotes 9

Chapter Two: Literature Review

2.1 Water 14

2.2 Groundwater 14

2.3 Groundwater Quality 17

2.3.1 Microbial Quality 19

2.3.2 Physicochemical Quality 20

2.3.2.1 Taste and Odour 20

2.3.2.2 Factors Affecting Taste and Odour 20

2.4 Heavy Metals 25

2.4.1 Lead 25

2.4.2 Iron 26

2.4.3 Cadmium 26

2.4.4 Nickel 27

2.4.5 Chromium 27

2.4.6 Copper 28

2.4.7 Calcium 28

2.4.8 Magnesium 28

2.4.9 Other Heavy Metals 29

2.5 Sources of Pollution 29



viii

2.6 Elemental Analysis 31

2.6.1 Inductively Coupled Plasma (ICP) 31

2.6.2 Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) 32

2.6.3 Operational Principle of ICP 33

2.6.4 ICP-OES: Uses, Benefits, Drawbacks 34

2.7 Human Exposure to Parabens 35

2.8 Occurrence in Environment 35

2.8.1 Naturally Occurring Parabens 35

2.8.2 Water Resources 36

2.8.3 Soils, Sediments and Sludge 39

2.8.4 Air and Dust 40

2.8.5 Biota 41

2.9 Pathways and Sources 42

2.10 Occurrence of Parabens in Personal Care Products, Pharmaceuticals and Food 44

2.10.1 Occurrence in Personal Care Products (PCP) 44

2.10.2 Occurrence in Pharmaceuticals 47

2.10.3 Occurrence in Food 48

2.11 Human Exposure and Health Effects 51

2.11.1 Susceptible Population - Pregnant Women 52

2.11.2 Susceptible Population – Children 55

2.11.3 General Population 58



ix

2.12 Paraben Analysis 63

2.12.1 Solid Phase Extraction (SPE) 63

2.12.2 The Basic Principles and Methods of Solid Phase Extraction 63

2.12.3 High-Performance Liquid Chromatography (HPLC-UV) 64

Endnotes 68

Chapter Three: Methodology 86

3.1 Description of Study Area 86

3.2 Sample Collection 89

3.2.1 Sample Collection and Preservation 89

3.3 Determination of Physicochemical Parameters 89

3.4 Sample Preparation 89

3.4.1 Extraction of Parabens 89

3.4.2 Digestion 90

3.5 Instrumentation 90

3.6 Standards and Reagents 91

3.7 Quality Control/ Quality Assurance Protocol 91

3.8 Health Risk Assessment 92

3.8.1 Health Risk Assessment for Parabens 92

3.8.2 Health Risk Assessment for Heavy Metals 93

3.8.3 The Non-Carcinogenic Hazard Evaluation 94

3.8.4 Cancer Risk Estimation 94



x

Endnotes 95

Chapter Four: Results and Discussion of Findings 97

4.1 Physicochemical Analysis in Groundwater Samples 97

4.2 Heavy Metal Concentrations in Groundwater Samples 99

4.3 Comparison of Heavy Metal Concentrations in the Two Communities 100

4.4 Correlation Matrix for Concentration of Essential Elements in Groundwater 105
Samples

4.5 Correlation Matrix for Concentration of Non-Essential Elements inGroundwater 105
Samples

4.6 Non-Carcinogenic Risk (Hazard Quotient, HQ) and OverallToxic Risk 108
(Hazard Index, HI) for Children

4.7 Non-Carcinogenic Risk (Hazard Quotient, HQ) and Overall Toxic Risk 108
(Hazard Index, HI) for Adults

4.8 Carcinogenic Risk of the Elements in Groundwater Samples for Children (TCR) 109

4.9 Carcinogenic Risk of the Elements in Groundwater Samples for Adults (TCR) 113

4.10 Comparison of (Recommended Dietary Allowance (RDA) and Tolerable Upper 115
Intake Level (UL) of Elements for Individuals to the Average Concentration of
Elements in Groundwater in Oyo Community

4.11 Comparison of (Recommended Dietary Allowance (RDA) and Tolerable Upper 117
Intake Level (UL)) of Elements for Individuals to the Average Concentration of
Elements in Groundwater in Ogun Community

4.12 Concentrations of Parabens in Groundwater Samples 119

4.13 Correlation Matrix for Concentrations of Parabens in Groundwater Samples 123

4.14 Acute and Chronic Risk Quotient of Target Analyte in Groundwater Samples 125

4.15 Correlation Matrix Between Parabens Concentrations and Physicochemical 126

Parameters Values in Groundwater Samples

Endnotes 129



xi

Chapter Five: Conclusion

5.1 Summary of Findings 131

5.2 Conclusion 132

5.3 Recommendations 132

5.4 Contribution to Knowledge 133

5.5 Suggested Areas for Further Research 133

Bibliography 134

Appendices 156

Biodata 161

The University Compliance Certification 163



xii

List of Tables

Table Title Page

2.1 Drinking Water Quality 18

2.2 Palatability of Drinking Water According to its TDS Level 22

2.3 Concentration Ranges of Parabens Detected in Surface Waters 38

3.1 Coordinates for Sampling Sites 87

4.1 Physicochemical Analysis in Groundwater Samples 98

4.2 Elemental Concentrations (ppm) in Groundwater Samples 101

4.3 Correlation Matrix for Concentration of Essential Elements in Groundwater
Samples

106

4.4 Correlation Matrix for Concentration of Non-Essential Elements in
Groundwater Samples

107

4.5 Non-Carcinogenic Risk (Hazard Quotient, HQ) and Overall Toxic Risk (Hazard
Index, HI) for Children

110

4.6 Non-Carcinogenic Risk (Hazard Quotient, HQ) and Overall Toxic Risk (Hazard
Index, HI) for Adults

111

4.7 Carcinogenic Risk of the Elements in Groundwater Samples for Children (TCR) 112

4.8 Carcinogenic Risk of the Elements in Groundwater Samples for Adults (TCR) 114



xiii

4.9 Comparison of (Recommended Dietary Allowance (RDA) and Tolerable Upper
Intake Level (UL)) of Elements for Individuals to the Average Concentration of
Elements in Groundwater in Oyo

116

4.10 Comparison of (Recommended Dietary Allowance (RDA) and Tolerable Upper

Intake Level (UL)) of Elements for Individuals to the Average Concentration of

Elements in Groundwater in Ogun Community

118

4.11 Concentrations of Parabens in Groundwater Samples 120

4.12

4.13

4.14

4.15

Comparison of Concentrations of Paraben with Previous Studies

Correlation Matrix for Concentrations of Parabens in Groundwater Samples

Acute and Chronic Risk Quotient of Target Analyte in Groundwater Samples

Correlation Matrix between Parabens Concentrations and Physicochemical
Parameters Values in Groundwater Samples

121

124

128

128



xiv

List of Figures
Figure Title Page

2.1 Sources, Fate and Pathways of Exposure to Parabens in Environment 43

2.2 Concentrations (Median or Average Values) of Parabens in the Urine of
Pregnant Women in Different Countries

57

2.3 Concentrations (Median or Average Values) of Parabens in the Urine of
Children (2–14 Years Old) in Different Countries

60

2.4 Concentrations (Median or Average Values) of Parabens in the Urine of the
General Population in Different Countries

62

3.1 Location of the Sampling Points Within the Study Area 88

4.1 Concentration Of Heavy Metals in Oyo Community in Comparison to
WHO Limit

102

4.2 Concentration of Heavy Metals in Ogun Community in Comparison to
WHO Limit

103

4.3 Concentrations of Non-Essential Elements in Groundwater Samples 104

4.4 Concentrations of Parabens in Groundwater Samples 122



xv

List of Acronyms

Abbreviation Meaning

ICP-OES Inductively Coupled Plasma Optical Emission Spectroscopy

SPE Solid Phase Extraction

HPLC-UV High-Performance Liquid Chromatography- Ultra-Violet Spectroscopy

HQ Hazard Quotient

HI Hazard Index

WHO World Health Organization

USEPA United States Environmental Protection Agency

UL Upper Intake Level

CDI Chronic Daily Intake

RDA Recommended Daily Allowance



16


	Certification
	Dedication
	Acknowledgement
	Abstract
	Table of Contents
	List of Tables
	List of Figures
	List of Acronyms

