i

W UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
Qo

YUNIBESITHI YA PRETORIA

Chapter 7

Developing a Screening Tool For Assessing Lead Exposure Levels during pregnancy
and after Delivery

7.1 INTRODUCTION

7.1.1 Building a case for lead exposure prevention programs during pregnancy and
after delivery

A review of literature in chapters 1 and 2 of this thesis highlighted the true extent of the
difficulty to measure lead poisoning, particularly in developing countries due to limited
data. The problem of limited data on lead poisoning, particularly in the adult population
is recognised in the developed world as well despite such countries having blood lead
epidemiology and surveillance programs in place to monitor reported elevated blood lead
levels.! Lead poisoning can present with nonspecific signs and symptoms such as
abdominal pain, constipation, irritability, difficulty concentrating and anaemia. It is
crucial that health professionals are aware of these symptoms and diagnosis in order to
assess and document early health effects. Research has evidently established that chronic
exposure to levels of lead too low to trigger symptoms, can increase the risk for
hypertension? and accelerated future cognitive decline in adults.> Chapter 2 also
highlighted potential challenges for clinicians to misdiagnose lead toxicity in their
patients due to its vague symptoms particularly in developing countries where clinicians
may have never attended to a lead poisoning individual because lead screening may have
never been done.* Chronic low dose exposure may manifest with non-specific
gastrointestinal disturbances, subtle neurologic and subclinical cognitive deficits.> °
Delays in the diagnosis of lead poisoning as a result of the lack of awareness of the
symptoms of lead poisoning and subsequent misdiagnosis has resulted with adverse
consequencies.” The greatest hope in lead poisoning incidents is that the removal of the
lead source has proved to be sufficient to relieve the symptoms and reduce the lead load,
particularly in low lead cases.®** The results of this work have shown a dose response

relationship in terms of diet and lead exposure. Women who consumed more iron and
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calcium supplements had lower blood lead levels compared to women who consumed
none. A key recommendation that consistently emerged from all the chapters of this
thesis emphasized the need for health professionals to be aware of lead and its
detrimental effects on maternal and child health in order for them to be proactive in early

detection and prevention of lead exposure and subsequent lead poisoning.

Air Unconventional skin | Soil | |Diet | Drinking Pica Traditional
applications (Car brake water behaviour Medicines
fluid, torch batteries,
traditional cosmetic clays
(letsoku)
v \ |
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Figure 7.1 Conceptual model of lead exposure during pregnancy and after delivery

The overall aim of this thesis was therefore to develop a cost effective clinical
assessment-screening tool for lead exposure levels during pregnancy and after delivery.
The previous chapter (Chapter 6) has identified the best fit model for lead exposure in
pregnant women aged 18 to 42 in the Central District of Botswana. The model identified
multiple risk factors, trimester of pregnancy, consumption of calcium and iron

supplements and citrus fruits, pica behaviour and source of water supply as independent.
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risk factors for lead exposure during pregnancy and after delivery. The multiple risk
behaviours included pica behaviour, the uses of unconventional skin treatment solutions,

the alcohol consumption, tobacco use and traditional medication use.

The objective of this chapter is therefore to present a conceptual model (figure 7.1) of
lead exposure during pregnancy in Botswana and key interventions developed as a result

of the model.

Previous models have focused on predicting child blood lead levels for residential
exposure scenario and for adult blood lead levels for industrial exposure scenarios.*? This
model is a modification of the Conceptual Model of Lead exposure and bio kinetics in
the California Model.** The model recognises pica behaviours and practices such as the
application of brake fluid as an important exposure pathways for lead exposure.

Three key deliverables have been developed and validated to address exposure issues
identified by the model and they include a) a clinical assessment tool for use by health
workers to lead exposure levels during pregnancy and after delivery; b) a policy brief to
be used as an awareness tool for lead exposure targeted at policy makers in Botswana
and; c) an awareness leaflet for pregnant and lactating women on lead exposure. It is
worth noting that to develop these documents involved a process of validation by key
authorities in Botswana. The validation processes are described as well as a brief

introduction to each document which is attached as appendices to this thesis.

7.2 THE CLINICAL ASSESSMENT TOOL GUIDELINE

7.2.1 Document development

This is a mini handbook developed to provide information on lead, its sources, health
effects and primary prevention strategies to educate, assess risks and confounders for
lead exposure, provide counselling and care during pregnancy and follow-up after
delivery (See Appendix11). Currently alcohol consumption and tobacco use are the only
lead related risks (confounders) assessed during pregnancy and included in the obstetric

record. Two workshops were organized for health workers at the beginning of the project
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and at the end of the project (See appendix 7&8). The first workshop was held in July
2009 prior to recruitment of study participants to raise the level of awareness on lead and
its impact on human health and the environment, exposure sources for the general public
and pregnant women. The workshop was also intended to introduce the study and its
protocols among health workers and the expected inputs from each facility. The
workshop targeted senior staff from Sekgoma Memorial Hospital in Serowe and Palapye
Primary Hospital in Palapye. Participants included matrons, senior nursing sisters from
maternal and child health departments, labour wards, laboratory, theatre and outpatient
departments. The Second workshop was held in October 2012 to disseminate the results
of the study and to pre-test and validate the clinical assessment tool, the policy brief and
the leaflet for pregnant women. This workshop was attended by staff from all the
participating health facilities from Lerala, Maunatlala, Sekgoma Memorial and Palapye
Primary hospitals. Observations were put together in a workshop report and shared with
the participants for feedback. The following sections summarize the observations made at

the two workshops
7.2.2 Observations from the first workshop:

a) Health workers reported that they were not aware of lead and its impact on
human health and pregnancy.

b) The health workers confirmed that the only risk factors for pregnancy
reported in the obstetric record were alcohol and smoking. They also noted
that even then these were not associated with lead exposure.

C) Health workers confirmed that most women ingest soil during pregnancy,
however they have associated these with iron deficiency and were not aware
that soil ingestion could be a source for lead exposure

d) Health workers confirmed knowledge of use of substances such as brake fluid
and other used car oils, torch batteries by not just pregnant women but the

general public for treatment of ringworm, psoriasis including open wounds.
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They further revealed that this was not an issue of socio economic status; the
products are widely used by population groups across all the social strata.
e) Health workers endorsed their full support for the study and recommended the

following:

a. That all health workers should be sensitized on lead and its impacts
through regular workshops and training

b. That the development of guidelines for screening and assessing lead
exposure levels will be necessary to guide health workers in the
primary prevention of lead exposure during and after pregnancy.

C. That the results of the study should be disseminated to policy makers,
health workers and the general public to prevent further exposure.
They further recommended the development of a policy brief for
Government to start thinking lead and its prevention in a broader way

d. There was acknowledgement that some cases of lead poisoning could

have been misdiagnosed due to the lack of awareness by health care

workers

7.2.3 Observations from the Second workshop:

a) Health workers were given a presentation on the results of the study, which
covered the behaviours and practices of pregnant women, the results of
environmental lead levels and the results of the blood lead levels and factors
associated with blood lead levels. Key issues discussed included pregnant women
engaging in multiple risk behaviours such as the ingestion of non-food items by
pregnant women, the application of non-conventional skin application items that
have not been reported anywhere in the literature such as brake fluid, torch
batteries and light brown shoe polish. Some of the health workers acknowledged
that they have in fact used some of the products such as shoe polish and brake
fluid without the knowledge that they could be exposed to lead.
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b) Health workers were made aware of the fact that despite the pregnant women
supplied with calcium, iron and vitamin C supplements during pregnancy they did
not utilize the supplements. Some of the reasons for the non-consumption of the
supplements were that the women did not like their smell or did not like the taste
of the supplements. Others women reported the pills were making them sick.

c) Health workers were familiarized with the ATSDR diagram as in the clinical
assessment tool (Appendix 8) showing blood lead levels associated with adverse
health effects for children and adults.

d) A further visual tool (Figure 7.2) was developed and shared with the health
workers, which could be turned into a poster that can be used by health workers
as a reference point for blood lead levels at each stage of pregnancy.

e) A step by step visual summary model guideline (Figure 7.3) for lead exposure
assessing was also discussed shared with health workers according health workers
an opportunity to understand it and its feasibility. Health workers further
proposed that this model guideline could be made into a poster to ensure a quick
assessment at the workplace. This model is contained in the screening tool
booklet with further explanations.

f) Health workers were familiarised with the screening tool and had an opportunity
to have an input into it as well as the policy brief and the awareness leaflet for
pregnant and lactating women.

g) Health care workers were given an opportunity to give feedback on the draft
clinical assessment tool, the policy brief and the awareness booklet for pregnant
women. The following feedback was given by the health workers:

a. That the clinical assessment document was a good tool, however, they
strongly recommended that the risk assessment questionnaires in the tool
should be incorporated in the obstetric record as a matter of urgency so

that every health workers and the pregnant women can continuously
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monitor the behaviour and environmental factors likely to expose pregnant
women to lead.

b. That lead should be included in the curriculum of nursing students and
particularly midwives to ensure that every health worker in Botswana is
aware of lead, its exposure sources, effects and prevention.

c. Health worker acknowledged their awareness on pregnant women not
consuming the supplements given to them during pregnancy and were
aware of the reasons raised by study participants that they do not like the
smell and taste of the supplements. They suggested that the supplements
should be coated to reduce smell and improve taste

d. Health workers confirmed other potential household uses of lead such as
mending cast iron pots and metal dishes, likely to expose family members
to lead.

e. Education of all health workers on potential lead exposure sources was

recommended by the health workers.
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Figure 7.3: Summary model guideline for lead exposure assessment during
pregnancy
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7.3 POLICY BRIEF PRETESTING AND VALIDATION

The draft policy brief was presented to the Ministry of Health in October 2012 in a
meeting to disseminate the results of the study (See Appendix 10). Key
departments/divisions of the Ministry that attended the briefing were Maternal and Child
Health, Food and Nutrition and Health Promotion and Education. Participants felt that
other Government Ministries such Trade and Consumer Affairs and Environment should
be engaged to ensure that they start controlling lead containing materials. The Ministry of
Health officials strongly felt that the water authorities should test lead in water and start
regulating the use of lead containing material in plumbing pipes and other gadgets. Key
recommendations of the policy brief should include lead education in the curriculum of
health workers, development of lead surveillance programs, regulation of lead containing
plumbing materials and regular testing of drinking water for lead. Finally the Ministry of
Health representatives felt that the Botswana Bureau of Standards should be engaged to
institute standards that will regulate lead containing materials in Botswana. It was also
recommended that even though this study was conducted in the Serowe Palapye District,
the results should apply nationally since these practices are observed in all parts of the

country. They however recommended a national study to be conducted.

7.4 FOCUS GROUP DISCUSSION - AWARENESS BOOKLET

A group of women who participated in the study were invited to take part in the
pretesting of the awareness booklet. The women endorsed the exposure sources listed in
the leaflet. They recommended regular education of the general population on lead
exposure sources and prevention. They also recommend a campaign to discourage people
to use brake fluid oil, torch batteries and other potentially lead containing substances for

treatment of skin conditions.
7.5 STRENGTH OF THE RESEARCH AND THE DELIVERABLES

This research has identified the following:
a) Key lead related behaviours among pregnant women in Botswana
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b) It has generated baseline data on lead levels in pregnant women, which can guide
future national studies on lead
c) Key predictors of lead exposure levels have been identified

a. Pica behaviour is well elaborated in Chapter 3 of this thesis

b. Lead exposure levels increased by trimester, an important finding that
implies the release of lead from bone due to poor diet on the part of
pregnant women. This was particularly highlighted from the fact that
women from poorer smaller villages had significantly higher lead levels
compared to women from the major villages. An interesting finding of this
research is that women from Palapye who were expected to have higher
lead levels due to living in the vicinity of a mining area, had lower lead
levels and this can be apportioned to better living conditions, and better
eating habits;

c. Multiple risk behaviours which include the use of brake fluid oils, the use
of torch batteries, traditional medicines and cosmetic clays are another
predictor variable for lead exposure in Botswana.

d. Water source and in particular outdoor tap water tap from boreholes is yet
another predictor variable for lead exposure. This is well elaborated in
Chapter 4, which has revealed that water in the Serowe Palapye area
(across all villages) is in excess of the World Health Organisation drinking

water quality standards

7.6 MAJOR RECOMMENDATIONS:
These recommendations are informed by the findings of this research as well as the
processes that have been discussed above:
1) Surveillance on Lead levels in water - Botswana policy issue:
Botswana should initiate the regular testing of water to prevent adverse
effects from lead exposure. The regulation of lead containing plumbing
materials should be considered as a matter of urgency
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2) It is recommended that the predictor variables of this work be included in the
Botswana Government obstetric record

3) Education on lead awareness not only to pregnant women, but other vulnerable
groups should be initiated as a matter of urgency

4) There is an urgency to implement a national lead surveillance programme in
Botswana. It may be useful to make this a regional effort to curb costs as the same

problems in Botswana could be experienced in the region

7.7 STUDY LIMITATIONS

This study was intended to cover a major city in Botswana at the initial stages. However
due to funding limitations the study focussed in one area, but covered four location of
different geographical settings. One which is semi urban (Palapye) the other a typical
major village in Botswana and two rural villages. On this basis the author believes the
results of this study can be applied to other parts of the country in the absence of a

national study.

7.8 CONCLUSIONS

The interventions and the processes discussed in this chapter highlight the importance of
this research and have generated interest in the area of lead. An important lesson learnt is
that future research should engage the public to gain further insights into research. There
is an evident wealth of information in the public that can be tapped through focus group
discussions and workshops. For example, the revelation that even health workers engage
in some of the habits and behaviours identified in this research would have not been
disclosed had the researchers not engaged the health workers. It is also worth noting that
health workers in the study area now appreciate the value of research as a tool to improve
public health. The researcher also noted an outcry by health workers, and study
participants that more often the public scientists carry out research but do not share the
results with the public. They expressed their happiness on the extent of the involvement
they had in this research from the initial stages to the project completion.

Page 152 of 205 UP-Mbongwe



i

W UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
Qo

YUNIBESITHI YA PRETORIA

7.9 REFERENCES

1.

Centres for Disease Control and Prevention (CDC). Adult blood lead epidemiology
and surveillance--United States, 2008-2009. MMWR Morb Mortal WKly Rep
2011; 60:841.

. Navas-Acien A, Guallar E, Silbergeld EK, Rothenberg SJ. Lead exposure and

cardiovascular disease-- a systematic review. Environ.Health Perspect. 2007
Mar;115(3):472-482.

. 3. Shih, R.A., Glass, T.A., Bandeen-Roche,K. , Carlson, M.C., Bolla, K.I., Todd,

A.C. and Schwartz, B.S. (2006). Environmental lead exposure and cognitive

function in community -dwelling older adults. Neurology, 67(9): 1556-1562.

. 4. Gorospe EC, Gerstenberger SL. Atypical sources of childhood lead poisoning in

the United States: A systematic review from 1966-2006. Clin.Toxicol.(Phila) 2008
Sep;46(8):728-737.

. 5. Bellinger DC. Neurological and behavioral consequences of childhood lead

exposure. PLoS Med. 2008 May 27;5(5):e115.

6. Hu H, Tellez-Rojo MM, Bellinger D, Smith D, Ettinger AS, Lamadrid-Figueroa
H, et al. Fetal lead exposure at each stage of pregnancy as a predictor of infant
mental development. Environ.Health Perspect. 2006 Nov;114(11):1730-1735.

. 7. Tait PA, Vora A, James S, Fitzgerald DJ, Pester BA. Severe congenital lead

poisoning in a preterm infant due to a herbal remedy. Med.J.Aust. 2002 Aug
19;177(4):193-195.

Ibrahim AS, Latif AH. Adult lead poisoning from a herbal medicine. Saudi Med.J.
2002 May;23(5):591-593

Hellstrom-Lindberg E, Bjorklund A, Karlson-Stiber C, Harper P, Selden Al. Lead
poisoning from souvenir earthenware. Int.Arch.Occup.Environ.Health 2006
Feb;79(2):165-168.

10. 9.Masoodi M, Zali MR, Ehsani-Ardakani MJ, Mohammad-Alizadeh AH, Aiassofi

K, Aghazadeh R, et al. Abdominal pain due to lead-contaminated opium: a new

source of inorganic lead poisoning in Iran. Arch.lran.Med. 2006 Jan;9(1):72-75.

Page 153 of 205 UP-Mbongwe


http://www.uptodate.com/contents/adult-lead-poisoning/abstract/1
http://www.uptodate.com/contents/adult-lead-poisoning/abstract/1
http://www.uptodate.com/contents/adult-lead-poisoning/abstract/1

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
W VYUNIBESITHI YA PRETORIA

Ot i+

11.10. Roche A, Florkowski C, Walmsley T. Lead poisoning due to ingestion of
Indian herbal remedies. N.Z.Med.J. 2005 Jul 29;118(1219):U1587.

12. Adult Risk Assessment Committee of the Technical Review Workgroup for
Lead(TRW). Review of Adult Lead Models, Evaluation of Models for Assessing
Human Health Risk Associated with lead Exposure at Non- Residential Areas of
Superfund and other Hazardous Waste Sites. Final Draft, August 2011.

13.Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological Profile of

Lead. 2007; Available at:
http://0www.atsdr.cdc.gov.innopac.up.ac.za/toxprofiles/tp13.html. Accessed 10/09, 2008.

Page 154 of 205 UP-Mbongwe


http://0-www.atsdr.cdc.gov.innopac.up.ac.za/toxprofiles/tp13.html

i

W UNIVERSITEIT VAN PRETORIA
’ UNIVERSITY OF PRETORIA
Qo

YUNIBESITHI YA PRETORIA

Chapter 8:
GENERAL DISCUSSION AND CONCLUSIONS
8.1: OVERVIEW
The main impetus of this thesis was to develop a clinical screening tool to assess lead
exposure during pregnancy and after delivery in Botswana. To arrive at the tool, the
author investigated lead exposure among pregnant women from the behavioral,
toxicological and environmental perspectives addressed by the different chapters as

follows:

Chapter 1 focused on the general introduction to the investigation covering issues of lead
sources as well as characterizing the uses of lead and possible exposures in Botswana.
The toxicity of lead was discussed in general with highlights on vulnerable groups such
as women and children. Special but strong mention is made to the limited research,
policies and interventions to address lead in the developing countries. Finally the chapter
spells out the rationale for the study and the knowledge it will add to Botswana. There is
an acknowledgement in Chapter 1 that newer sources of lead poisoning are emerging.
These sources are not well studied and could be detrimental to human health in the
context of developing countries. A more holistic approach for assessing lead exposure
sources that is not just limited to the traditional lead exposure sources such as paint and
occupational sources but explores the cultural and economic setup of the different

countries and groupings is suggested.

Chapter 2 presents an in-depth systematic literature review of published scientific reports
on uncommon sources of lead poisoning in the general public. The chapter notes one
study that has comprehensively reviewed uncommon sources of lead poisoning and
therefore attempts to establish the extend of lead poisoning from the non-traditional
sources. The main objective of this chapter is to identify population groups at the most
risk, commonly reported lead poisoning sources and where these incidents occur. The
findings of this chapter proved useful in two ways. First, they highlighted pregnant
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women as a vulnerable group to exposure to atypical sources of lead poisoning in the
context of the developing world. A good example is that geophagia or intentional
ingestion of soil, is a known practice in most developing nations and yet it is not
receiving attention in terms of toxic materials exposure. Secondly, the majority of the
cases of lead poisoning from exposure to atypical sources occur in the developing world
where there are no standards for regulating lead in household products and additionally
these cases are only picked in pregnant women when they relocate to the developed
countries where there is routine testing of lead exposure for children and pregnant
women. Chapter 2 further highlighted the need to assess behavior and practices of
different population groups that could potentially expose them to lead such as pica, some

cultural practices, as well as socioeconomic factors contributing to lead exposure.

Chapter 3 identifies the prevalence of risk behaviours and practices of pregnant women
in Botswana that could potentially expose them to lead during the first trimester of
pregnancy. This chapter brings out new knowledge in terms of the behaviours of
pregnant women such as the application of brake fluid, torch batteries and shoe polish
dermally. The author has not come across any study that has studied the prevalence and
predictors of risk behavior for pregnant women in relation to lead exposure. The findings
of this chapter have an impact on future policy guidelines for Botswana.

To add to the complex story of potential exposure sources for lead during pregnancy in
Botswana, Chapter 4 investigated lead concentrations in soil, water and cosmetic clays
and these are compared with international maximum permissible levels. Concentrations
of lead in water exceeded the WHO permissible levels and this was identified as a
potential source of lead exposure and presents a key policy issue for lead exposure

prevention.

Having assessed the behaviours and practices of pregnant women and environmental

sources of lead in Botswana, Chapter 5 assesses the baseline concentrations of lead at
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each stage of pregnancy. This is not just the first study to measure lead levels over
duration of pregnancy in Botswana, but also one of the few studies to achieve this goal
regionally. The results indicate a significant increase in blood lead levels at each stage of
pregnancy and certainly of clinical importance. Further, this chapter characterizes the
women with higher lead levels in terms of their socioeconomic and geographical

location. Poorer women who live in small villages were more affected by lead.

Chapter 6 concludes the story by proposing a model for assessing lead exposure levels
during pregnancy and after delivery. The model predicts blood lead levels >2ug/dL in
order to develop a clinical assessment tool. Predictor behaviours are pica, multiple risk
behaviours, diet, nutrition and socioeconomic factors. The stage of pregnancy was also
identified as a risk for lead exposure. This finding is an indicator for lead release from
bone and is a crucial finding around which interventions for lead exposure should be
developed.

Chapter 7 represents a unique process that led to the development of the clinical
screening tool for assessing lead exposure levels, a policy brief and an awareness
booklet. It is a representation of the process followed to test the implementation of the
protocol. This work therefore not only pieces together a complex story of lead exposure
among pregnant women in Botswana, but also achieved the following:
a) Set the levels in the mother-baby pair
b) Established the main predictors of lead exposure in Botswana including behavior
and practices that are not reported in the current literature such as the use of brake
fluid, shoe polish and letsoku and torch batteries.
¢) Implementation of the proposal resulting with three key documents which
include; the clinical assessment tool for guiding clinicians and public health
professionals, a policy brief for decision makers in Botswana and an awareness
booklet which will not only benefit pregnant women but the general population as

well.
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8.2 STRENGTHS AND LIMITATIONS

A notable strength of this work is that it is the first in Botswana to assess lead exposure
levels at each stage of pregnancy and after delivery. It is the first to investigate the
behaviours and practices of pregnant women that could potentially expose them to lead in
Botswana. It is the first to test drinking water as a potential source of lead exposure in
Botswana and most importantly, it is the first to deliver a pragmatic lead exposure
screening and assessment tool for health professionals and a policy brief to facilitate
information dissemination on the problems posed by lead to public health for policy
makers. The study developed an empirically based conceptual framework for predicting
lead exposure in an inclusive manner taking into account multiple levels of sources and
exposure.

A further strength of this study was that it has combined the qualitative and quantitative
methods to provide an overall picture of the behaviours, practices of pregnant women and
lead concentrations in blood and environmental medium. The quantitative data offered a
valuable picture of what and how much of lead from the different sources, while the
qualitative data explained where the lead levels would be more prevalent and why it
would affect a certain group of pregnant women more than the other/s. Clearly the two

methods were complimentary to each other

The weakness of this study design is that it focused on major and rural villages and
therefore misses the component of areas that are fully urbanized in Botswana. The study
could also not provide information on the knowledge and attitudes of women on lead and
its exposure sources. It therefore makes assumptions that women were not
knowledgeable on lead and its sources.

As a result of the loss to follow up, the number of women who completed the study (first
trimester until after delivery) was small. The limited resources also contributed to a small

sample size of environmental samples.

Page 158 of 205 UP-Mbongwe



i
W UNIVERSITEIT VAN PRETORIA

=) UNIVERSITY OF PRETORIA
W VYUNIBESITHI YA PRETORIA

Despite the limitations, the study design offered sufficient information to enable the
findings to be applied to many districts in Botswana if not nationally. It is acknowledged
that these findings may not entirely be applied to the cities in Botswana because of the
socio economic reasoning. The services and the infrastructure in the cities are entirely
different. For example the cities are not services with borehole water while major and

rural areas are serviced with such.

8.3 GENERAL RECOMMENDATIONS
The implications of the findings of this work are discussed in detail in the different
chapters and therefore to avoid repetitions, the reader is referred to the summaries and

conclusions made at each chapter.

8.3.1 Public Awareness on Lead Hazards

There is a need to initiate public awareness programs that will not only target pregnant
women, but the general public. The rational for this is that some of the practices and
behaviours of pregnant women may affect other family members. As reflected in the
literature some of the lead poisoning sources, particularly at household level may have an
impact on the rest of the family (refer to chapter 2). Typical examples are folk remedies
and utensils used at the household level that may contain lead. Furthermore, this study
has shown that despite an extensive and growing global body of knowledge of the health
and social hazards of lead, there is limited awareness in the general public in Botswana.
This is evidenced by the practices and habits of pregnant women reported in Chapter 3 of
this work. Particular attention should be paid to poorer communities. The booklet
developed from this work should be translated into Setswana to accommodate members

of the public who could not read English.
8.3.2 Health Worker Training:

Health workers are agents of change and therefore should be equipped with knowledge to
facilitate change. Evidently, the feedback from health workers during the study
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workshops (refer to Chapter 7) showed little awareness on lead and its impacts on public
health or the sources and mechanisms of exposure to lead. This was reflected by their
responses and the interest they showed in the study. Every health worker in Botswana
should be familiarized with the contents of the clinical assessment tool for lead exposure
regardless of whether they are based in rural or major villages or the cities and towns in
Botswana. The rationale for this is that naturally Batswana have three homes, the
lands/fields, the home village and the workplace, which could be a village or a city.
Additionally, health workers who work in Government facilities may be transferred to
the rural/small or major villages or towns or cities. Consistency of information is

therefore important.

8.3.3 Policy Options for Botswana

To address the gaps in this study, it is recommended that the Government of Botswana
initiate a national lead surveillance programme to identify the key sources of lead, the
mechanism of exposure and related risk factors for lead exposure. It is further
recommended that the obstetric record booklet be reviewed to incorporate potential risk
factors for lead exposure. Finally Botswana Government is encouraged to follow the
international world and start regulating lead containing materials for plumbing as well as
imported lead containing household products. These are well elaborated in the policy
brief (Appendix 8). The good news is Botswana is already doing some of the required
primary prevention strategies for lead exposure such as supplying pregnant and
vulnerable groups with food supplements (without knowing that it is a lead prevention
measure), the setback is that there is no follow-up to establish is pregnant women use the
supplements (refer to Chapter 5 and 6). There is therefore a need for Botswana to carry
out research that will establish why pregnant women do not take supplements as
prescribed. Informal discussions with respondents revealed that they do not take them
because of unacceptable odour. This is a policy issue needing investigation. For example

it would save government money perhaps to consider discussing with manufacturers that
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the supplements be coated to reduce the strong odour. This will go a long way in
protecting public health and in particular maternal and child health

8.3.4 Development of a Criterion for Lead testing during Pregnancy

Finally, there is currently no lead testing or standards for any population grouping in
Botswana. This study reveals the pregnant woman as a source of lead exposure for babies
who are not yet born. It is perhaps time for Botswana to consider developing a criterion
for lead testing during pregnancy. Throughout this thesis it has become evident that
prenatal lead exposure to lead is a course for concern. The stage of pregnancy as a
predictor for lead exposure is a matter that should be taken seriously. Even though the
lead levels are low in this study, literature (as cited in all the chapters of this thesis) show
that waiting for levels that are higher may course irreversible damage to the developing
brain of the child. No country with an intention to protect and to preserve public health
can wait to see the symptoms to check lead exposure any longer. Chapter 2 of this thesis
has shown that chelation therapy is not the solution, but education and awareness, the
removal of the sources of lead poisoning, good diet and nutrition are better solutions to

lead management.

8.4 DIRECTIONS FOR THE FUTURE

8.4.1 The results of this thesis have been shared in a national workshop (Appendix 9) as
well as to the Ministry of Health program officers, and local health workers in the study
areas (Appendix 8). It is the intention of the author of this thesis to follow up on the
recommendations of this work and use this work to foster more collaborative work with
scientists in the region to elevate lead exposure as a problem likely to affect the current

and future generation in the developing world as reflected in chapter 2 of this thesis.
8.4.2 There is need for more research on lead poisoning and lead exposure sources in

Botswana. This is given the fact that lead containing materials are not regulated in
Botswana and given the fact that household members purchase lead solder for different
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purposes including mending cooking and eating utensils. These and many other concerns

require further investigation.

8.4.3 The utility of the clinical assessment tool developed in this research should be
tested and evaluated. This can only be done if awareness on the tool is created and thus
the tool is utilized in health facilities. The need to publicise the tool is therefore
identified.
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