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SUMMARY
Lead is a toxic heavy metal associated with adverse health effects ranging from developmental
neurotoxicity to reproductive effects. While lead affects people of all ages, infants and children
are the most vulnerable and susceptible to the neuro-developmental effects of lead exposure.
Maternal blood lead concentrations that do not produce clinical toxicity on pregnant women
have been linked to adverse offspring development. Observed reproductive effects to low lead
levels during pregnancy include the risk of spontaneous abortions, effects on birth weight and
preterm birth. There are particular concerns with regard to reductions in IQ scores. Research
evidence suggests that an incremental increase in blood lead levels of 1 µg/dL is associated with
approximately 1 IQ point deficit. Of particular concern is that currently no threshold has been
observed or exists for developmental neurotoxicity to the chronic low lead exposures levels.
While the developed countries have built evidence for lead exposure sources, have identified the
most vulnerable groups to lead exposure, and have instituted control actions for lead exposure, it
is not the case in developing countries such as Botswana.

Currently, there is very little

knowledge about the potential sources of lead exposure among different population groups not
only in Botswana but also in most developing nations. There is also an evident limited
knowledge on the behaviours and practices of different population groups that could potentially
expose them to lead in developing countries.

This thesis explores the following questions: i) Are there specific risk behaviours and practices
peculiar to pregnant women in Botswana that could potentially expose them to lead? ii) What are
the environmental lead concentration levels and their potential to expose pregnant women?
iii)What are the blood lead concentrations at each stage of pregnancy and after delivery in
Botswana and, iv) Can we use the information from these three questions to predict lead
exposure levels during pregnancy and after delivery? v) Can we use the new information to a
develop a policy dissemination brief to inform policy on lead exposure sources in Botswana,
develop guidelines for health professionals for assessing and screening lead exposure levels
during pregnancy and after delivery, develop an awareness leaflet for lead education?

To address the specific risk behaviour and practices of pregnant women, a comprehensive
validated risk assessment questionnaire was administered among 142 pregnant women during
the first trimester of pregnancy (defined as 8-12 weeks) in four villages of different geographical
settings and nomenclature (small/rural, major and semi urban). For purposes of this work the
validation process involved obtaining information (from experts in the field and communities)
vii
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relevant to the purposes of the study and to confirm that the tools employed for collection of data
in all trimesters were suitable in terms of both construct and content. Data was collected between
September 2009 and February 2010.

To address potential environmental sources of lead exposure during pregnancy soil (n=28),
water (n=28) and traditional cosmetic clay - letsoku (n=3) samples were collected in November
2010, February 2011 and May 2011 from the homes and in the vicinity of the study population
to determine lead concentrations.

To know baseline blood lead levels at each stage of pregnancy, blood samples were collected
from September 2009 to February 2011 from pregnant women between weeks 8-12 (first
trimester, n=137), 20-24 (second trimester n=126) and weeks 34-36 (third trimester n=106).
Blood lead levels of women who completed the entire study from trimester on until after
delivery (n=63) were then used to construct blood lead prediction models using statistical
models.

Pregnant women in the study area ingested non-food items such as soil, match sticks, pencil,
chalk and animal feed such as bone meal (86%). Women applied used and unused car oils (in
particular brake fluid) and other harmful substances for “treatment of skin conditions and for
beautification purposes (74%). Older women (defined as 35 years in this study) were at a
significantly higher risk to ingest soils (p<0.01). Mean (±SEM) lead concentrations in water
exceeded the WHO drinking water quality standards nineteen fold (0.19±0.019 ppm (n=28)
Major villages, had significantly higher Pb concentrations (p0.05) in soils and water compared
to small villages. Mean blood lead levels (±SEM) for the first, second and third trimesters were
1.96(±0.14)µg/dL, 2.49(±0.17) µg/dL, 2.66(±0.19) µg/dL respectively. Blood lead levels
increases from the first to third trimester ranged from 1.6-5%. Blood lead concentrations
significantly differed among locations (p<0.01). The highest concentrations were observed in
women from smaller villages that were poorer (p<0.02).

Pica, multiple risk behaviours/practices (engaging in two or more risk behaviours/practices),
trimester of pregnancy, poor food supplementation and diet were predictors of blood lead levels
≥ 2µg/dL. There was a dose response relationship between supplement intake and an increase in
blood lead levels.
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These findings suggest that pregnant women and their unborn babies could potentially be
exposed to lead because of the environment in which they live, their economic status, lifestyle,
behaviors and practices. Drinking water is a potential threat for lead exposure, not only among
pregnant women, but other vulnerable groups such as infants and children. This study is the first
in Botswana and one of the few in Africa to investigate lead exposure sources at each stage of
pregnancy and after delivery. It is also the first to identify new potential lead exposure behaviors
and practices such as the application of auto oils by pregnant women for treatment of skin
diseases. The findings suggest the need to train health workers and equip them with the skills
and knowledge to assess and screen women who could potentially be exposed to lead. Further,
pregnant women need to be sensitized on potential lead exposure sources, to prevent lead
poisoning. This study has been able to use the results to develop a policy brief for disseminating
the results to decision makers, guidelines for utilization by health workers to screen lead
exposure levels and an awareness leaflet for pregnant women. These have been validated and
pretested at community and Government levels.

ix

UP-Mbongwe

TABLE OF CONTENTS
Page
Acknowledgements………………………………………………………… ……………... ii
Dedication…………………………………………………………………………………. iv
Declaration………………………………………………………………………………… v
Title Page…………………………………………………………………………………... vi
Summary…………………………………………………………………… ……………... vii
Table of Contents………………………………………………………………………….. x
List of Figures …………………………………………………………………………….. xiv
List of Tables…………………………………………………………………………….. xvi
List of Appendices…………………………………………………………………………. xviii
Chapter 1

General Introduction…………………………………………………….. 1
1.1 Lead Sources, Uses and Impact in the Environment…………………... 1
1.2 Lead Use in Botswana…………………………………………………. 2
1.3 Lead Toxicity…………………………………………………………... 3
1.3.1 Central Nervous System………………………… ……………………... 3
1.3.2 Cardiovascular system……………………………………………………. 4
1.3.3 Heme Synthesis…………………………………………………………. 4
1.3.4 Bone Metabolism……………………………………………………….. 4
1.4 Lead Exposure and Women's Health- A Challenge for Developing
Nations………………….. …………………………………………….. 5
1.5 Study Rationale………………… ……………………………………... 6
1.6 Research Question ……………………………………………………... 7
1.7 Aims……………………………………………………………………. 8
1.8 Thesis Structure and Outline…………………………………….…….. 8
1.9 References ……………........................................................................... 10

Chapter 2

Uncommon Sources of Lead Poisoning: An Emerging Public Health
Threat with Life-long Implications- A Systematic Review
of Literature……………………………………………………………. 16
2.1 Abstract………………………………………………………………… 16
2.2 Introduction ……………………………………………………………. 17
2.3 Methods………………………………………………………………… 19
2.4 Results………………………………………………………………...... 21
2.5 Discussions……………………………………………………………... 30
2.6 Limitations……………………………………………………………... 33
2.7 Conclusions…………………………………………………………….. 34
2.8 References ……………………………………………………………... 35

Chapter 3

Prevalence and Predictors of Risk Behaviours and Practices for Lead
Exposure during the First Trimester of Pregnancy in the Central District,
Botswana………………………………………………………………….. 45
3.1 Abstract ………………………………………………………………... 45
3.2 Introduction…………………………………………………………….. 46
3.3 Methods………………………………………………………………… 49
3.3.1 Study area and population……………………………………………... 49
3.3.2 Participation, recruitment and informed consent………………………49
3.3.3 Research Instrument…………………………………………………… 49

x

UP-Mbongwe

3.3.4 Alcohol and tobacco use……………………………………………… 50
3.3.5 Pica behaviour………………………………………………………… 50
3.3.6 Unconventional skin disease treatments and complexion
Solutions……………………………………………………………... 51
3.3.7 Data Analysis……………………………………………………... 51
3.4 Ethical Approval…………………………………………….................. 52
3.5 Results……………………………………………….............................. 52
3.5.1 Socioeconomic and demographic characteristics of
study population………………………………………………………...52
3.5.2 Prevalence and level of risk behavior……………………………….. 53
3.5.3 Socio-demographic correlates of risk behavior …………....................57
3.5.4 Unconventional skin treatment solutions………………………………. 58
3.5.5 Traditional medicines use………………………………………….. 58
3.5.6 Alcohol consumption and tobacco use……………………………….. 58
3.5.7 Multiple risk behaviours……………………………………………….. 58

3.6 Discussion ……………………………………………………………... 60
3.6.1 Ingestion of non-food items as a potential source of lead
poisoning among pregnant women…………………………………… 60
3.6.2 Use of non-conventional skin treatment solutions…………………….. 61
3.6.3 Alcohol and tobacco use…………………………………………... 63
3.6.4 Traditional medicine………………………………………………. 64
3.6.5 Predictors of risk behavior………………………………………… 64
3.7 Limitations……………………………………………………………... 65
3.8 Conclusions and policy implications…………………………………... 66
3.9 References ……………………………………………………………... 67
Chapter 4

xi

Potential Environmental Sources of Lead Exposure to Pregnant Women
in the Serowe Palapye District, Botswana…………………………….. 72
4.1 Abstract………………………………………………………………… 72
4.2 Introduction ……………………………………………………………. 73
4.2.1 Study area overview and context………………………………... 75
4.3 Materials and Methods…………………………………………………. 76
4.3.1 Topography of the study site………………………………………... 76
4.3.2 Drinking water supply sources……………………………………… 81
4.3.3 Sampling…………………………………………………………… 81
4.3.4 Soil and clay sampling, preparation and analysis…………………….81
4.3.5 Water sampling and Analysis………………………………………. 82
4.3.6 Reagents and standard solutions……………………………………….. 83
4.3.7 Data Treatment and Statistical Analysis……………………………….. 83
4.4 Results………………………………………………………………….. 83
4.4.1 Pb Concentrations in Clay, Soil and Water……………………………. 83
4.4.2 Associations between Pb concentrations and location……………….. 86
4.5 Discussion……………………………………………………………… 87
4.5.1 Lead in soils and clay……………………………………………… 87
4.5.2 Lead in water……………………………………………………… 89
4.6 Limitations……………………………………………………………... 92
4.7 Conclusions…………………………………………………………….. 93
4.8 References ……………………………………………………………... 94

UP-Mbongwe

Chapter 5

Levels of Lead across pregnancy in women in major and small
villages in the Central District Council, Botswana…………………..
99
5.1 Abstract………………………………………………………………… 99
5.2 Introduction…………………………………………………………….. 100
5.3 Possible lead exposure sources in Botswana………………………….. 101
5.4 Materials and methods…………………………………………. ……... 102
5.4.1 Study sites and participants……………………………………………..102
5.4.2 Participation, recruitment and informed consent…………………….103
5.4.3 Ethical Considerations…………………………………………….. 104
5.4.4 Research Instrument…………………………………………………… 104
5.4.5 Sample collection and analysis……………………………………….. 104
5.4.5.1Maternal blood collection………………………………….. 105
5.4.5.2 Determination of lead in maternal blood……………………… 105
5.4.6 Statistical Analysis............................................................................ 106
5.5 Results………………………………………………………………….. 108
5.5.1Socioeconomic and demographic characteristics of
participants.......................................................................................... 108
5.5.2 Housing and living environment of participants…………………. 109
5.5.3 Behaviors and practices of participants…………………………. 110
5.5.4 Self-reported dietary intake of selected food items………………….112
5.5.5 Blood lead levels of pregnant women across trimesters…………… 113
5.6 Discussion……………………………………………………… ……... 116
5.7 Limitations……………………………………………………………... 118
5.8 Conclusions…………………………………………………………….. 119
5.9 References ……………………………………………………………... 119

Chapter 6

A Model for Assessing Lead Exposure during Pregnancy and
After Delivery……………………………………………………………... 123
6.1 Abstract………………………………………………………………… 123
6.2 Introduction……………………………………………………………. 124
6.3 Purpose of tool…………………………………………………………. 125
6.4 Methods………………………………………………………………… 125
6.4.1 Data………………………………………………........................ 125
6.4.2 Descriptive statistics……………………………………………...126
6.4.3 Explanatory variables modelling………………………………... 126
6.5 Results………………………………………………………………….. 128
6.6 Discussions………………………………………………………........... 136
6.6.1 Pica as a predictor of blood lead levels……………………........ 137
6.6.2 Diet and Nutrition as a predictor of lead exposure……………... 137
6.6.3 Trimester or stage of pregnancy as a predictor of
blood lead levels……………………………………………......... 138
6.6.4 Water source as a predictor of lead level……………………….. 138
6.7 Limitations……………………………………………………………... 139
6.8 Conclusion ……………………………………………………………... 139
6.9 References ……………………………………………………………... 139

Chapter 7

Developing a Screening Tool for Assessing Lead Exposure Level During
Pregnancy and After Delivery…………………………………………. 142
7.1 Introduction……………………………………………………………..142
7.1.1 Building a case for lead exposure prevention programs during
pregnancy and after delivery………………………………………….. 142

xii

UP-Mbongwe

7.2 The Clinical Assessment Tool Guideline ……………………………... 144
7.2.1 Document development…………………………………………. 144
7.2.2 Observations from the first workshop…………………………… 145
7.2.3 Observations from the second workshop………………………... 146
7.3 Policy Brief Pretesting and Validation………………………………… 150
7.4 Focus Group discussion- Awareness booklet………………………….. 150
7.5 Strength of the research and deliverables……………………………… 150
7.6 Major Recommendations……………………………………………..... 151
7.7 Study Limitations………………………………………………………. 152
7.8 Conclusions…………………………………………………………….. 152
7.9 References ……………………………………………………………... 153
Chapter 8

xiii

General Discussions and Conclusions…………………………………… 155
8.1 Overview……………………………………………………………….. 155
8.2 Strengths and Limitations………………………………........................ 158
8.3 General Recommendations…………………………………………….. 159
8.3.1 Public Awareness on Lead Hazards…………………………….. 159
8.3.2 Health Worker Training……………………………………........ 159
8.3.3 Policy Options for Botswana……………………………………. 160
8.3.4 Development of a Criterion for Lead Testing during Pregnancy... 161
8.4 Directions for the future……………………………………………….. 161

UP-Mbongwe

LIST OF FIGURES
Page

Chapter 2

Uncommon sources of Lead Poisoning: An Emerging Public Health
Threat with Life-long Implications – A Systematic Review of Literature…… 16
Figure 2.1: Schematic diagram of the systematic selection of lead poisoning
incidents…….......................................................................................................... 20

Chapter 3

Prevalence and Predictors of Risk Behaviours and Practices for Lead Exposure
during the First Trimester of Pregnancy in the Central District, Botswana… 45
Figure 3.1 Sampling Locations, Central District………………………………….. 48
Figure 3.2 Characterization of ∑S Pica by type and Age (n=142)………………... 54
Figure 3.3 Percent Prevalence of Risk Behaviour/ Practice by Location (n=142).. 57

Chapter 4

Potential Environmental Sources of Lead Exposure to Pregnant Women
in the Serowe Palapye District, Botswana……………………………………… 72
Figure 4.1: Map of Botswana Showing Administrative Districts and Sampling
Locations…………………………………………………………………78
Figure 4.2: Geographical Map of the Study Areas Showing Soil Types…………. 80
Figure 4.3: Mean soil and water lead levels by location………………………….. 85
Figure 4.4: Relationship between the soil lead levels and water lead levels……… 86

Chapter 5

Levels of lead across pregnancy in women from major and small villages in the
Central District, Botswana………………………………………………….
99
Figure 5.1: Central district sampling locations……………………………………. 103
Figure 5.2: Schematic diagram of the study population and recruitment process… 107
Figure 5.3: Mean blood lead levels by location…………………………………… 115
Figure 5.4: Mean blood lead levels by week of pregnancy……………………… 115

Chapter 6

A Model for Assessing Lead exposure during Pregnancy and after Delivery.. 123
Figure 6.1: The time course of the proportion of women with blood lead levels <2µg/dL
and ≥2µ/dL during pregnancy and after delivery…………………………………. 130

Chapter 7

Developing a Screening Tool For Assessing Lead Exposure Levels during
pregnancy and after Delivery Discussion………………………………………. 142
Figure 7.1: Conceptual model of lead exposure during pregnancy
and after delivery………………………………………………………………….. 143

xiv

UP-Mbongwe

Figure 7.2: Blood lead levels of pregnant women at each stage of pregnancy,
Serowe/Palapye
………………………………………………….. 147
Figure 7.3: Summary model guideline for lead exposure assessment during
pregnancy……………………………………………………………... 149

xv

UP-Mbongwe

LIST OF TABLES
Page
Chapter 2

Uncommon Sources of Lead Poisoning: an Emerging Public Health
Threat with Life-long Implications – A Review of Literature……………….. 16
Table 2.1: Lead poisoning cases-household products……………………………. 23
Table 2.2: Lead poisoning cases -Folk remedies, spices and religious powders….. 24
Table 2.3: Lead poisoning cases - Drug addiction and related practices………….. 27
Table 2.4: Lead poisoning cases-ingestion of miscellaneous non-food items…… 28

Chapter 3

Prevalence and Predictors of Risk Behaviours and Practices for Lead Exposure
during the First Trimester of Pregnancy in the Central District, Botswana… 45
Table 3.1: Socio-demographic Characteristics of the Study Population………….. 52
Table 3.2: Prevalence of Pica Behaviour by Age during the First Trimester of
Pregnancy……………………………………………………………… 53
Table 3.3: Prevalence of Alcohol, Tobacco and Folk Remedies Use by Age
during the First Trimester of Pregnancy……………………………….. 55
Table 3.4: Prevalence of Unconventional Skin Treatment Solutions by Age
during the First Trimester of Pregnancy……………………………….. 55
Table 3.5 Significant Socio-demographic Predictors of Risk Behaviours
during the First Trimester of Pregnancy………………………………... 57
Table 3.6: Multiple Risk Behaviour during the First Trimester of pregnancy……. 59

Chapter 4

Potential Environmental Sources of Lead Exposure to Pregnant Women
in the Serowe Palapye District, Botswana……………………………………… 72
Table 4.1: Standards/specifications for cosmetic clays, soils and water (ppm)…... 76
Table 4.2: Sampling Area Soil Description and Classification…………………… 79
Table 4.3 Average pH, total hardness, total dissolved solids, and minerals
in water from Serowe and Palapye……………………………………... 81
Table 4.4: pH, Temperature (oC), Conductivity (µS/cm), Total Dissolved Solids
(TDS), Pb (ppm)………………………………………………………... 84
Table 4.5: Mean±SEM of lead concentration between locations and between
old and new settlements within the locations………………………….. 85
Table 4.6: Correlation coefficients of major and small villages………………….. 87

xvi

UP-Mbongwe

Chapter 5

Levels of lead Across Pregnancy in Women from Major and Small Villages in the
Central District, Botswana………………………………………………….
99
Table 5.1: Socioeconomic characteristics of women by trimester (%)………..

108

Table 5.2: Housing Characteristics by Site (%)…………………………………… 109
Table 5.3: Behaviour and Practices of Participants……………………………….. 110
Table 5.4: Self-reported information on dietary intake selected food items (%)…. 113
Table 5.5: Blood lead levels by site and trimester (µg/dL)…………..…………… 114
Chapter 6

A Model for Assessing Lead Exposure during Pregnancy and After
Delivery…………………………………………………………………………. 123
Table 6.1: Blood lead levels (≥2µg/dL) of study participants by social,
demographic and environmental status (n=252 observations
(repeated measures), representing 63 women)………………………… 128
Table 6.2: Distribution of blood lead levels by trimester and socioeconomic/
demographic factors…………………………………………………….131
Table 6.3: Univariate logistic regression using generalized estimating equation to
adjust for intra-class correlation within repeated measures. Outcome
variable is binary blood lead levels……………………………………. 133
Table 6.4: Multivariate semirobust regression model for blood lead levels during
pregnancy and after delivery…………………………………………... 135
Table 6.5: Correlation among repeated lead (Pb) measurements…………………. 135

xvii

UP-Mbongwe

LIST OF APPENDICES
Page
Appendix 1: Ministry of Health Ethics Committee Approval Letter………………………………. 163
Appendix 2: University of Pretoria Ethics committee approval letter……………………………… 164
Appendix 3: Client consent form…………………………………………………………………… 165
Appendix 4: Risk Assessment questionnaires……………………………………………………… 169
Appendix 5: Proof of statistical support…………………………………………………………… 190
Appendix 6: Proof of workshop to Validate Risk Assessment Questionnaires……………............ 191
Appendix 7: Proof of training of health workers in the study area-……………………….……….. 193
Appendix 8: Proof of Pretesting and Validation (Clinical Assessment Tool, Policy Brief, awareness
leaflet)………………………………………………………………………………………………. 194
Appendix 9: Proof of Journal Articles for submission, Conference presentations…………………. 198
Appendix 10: Short Curriculum Vitae……………………………………………………………… 203

Appendix 11: Lead Screening and Assessment Guideline for Health Workers, Policy Brief for
decision Makers and an Awareness leaflet on Lead exposure for Pregnant and Lactating
Women …………………………………………………………………………………….. 205

xviii

UP-Mbongwe

