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Research reported in the thesis concerns the process of commercializing a simple health
invention, the Lucky Iron Fish™. There are seven distinct components of the research: (1) a study into
the dynamics of the release of iron during cooking and demonstration that no other potentially
deleterious contaminants that are released at the same time; (2) an assessment of the trace element,
mineral and electrolyte content of food and drink consumed over a 24-hour period and ground water
content in a province in the northern part of Cambodia (Preah Vihear); (3) an assessment of the
prevalence of hemoglobinopathies among participants in a clinical study; (4) a twelve-month,
randomized clinical trial comparing the regular use of the fish with taking iron pills (no treatment as a
control) on iron status in women; (5) an assessment of the ethical and trust frameworks among groups
living and working in Cambodia; (6) a critical assessment of current business models for the
development of social enterprise and development of a for-profit, financially and socially sustainable
social business to commercialize the Lucky Iron Fish™ ; and (7) the development of an improved
version of the fish made from electrolytic iron powder.
Outcomes from the work include: (1) demonstration of consistent and safe release of iron from
the fish during cooking; (2) inadequate nutrition among the study population with high intakes of
manganese and sodium, which may have serious health implications for children and adults, and low
i

iron that would support the contention that these people are iron deficient; (3) demonstration of very
high prevalence of hemoglobinopathies among women (most of whom are carriers) in Preah Vihear –
a novel finding that needs further study; (4) midline data on the impact of using the fish; (5)
identification of profound differences in trust and ethical frameworks among groups of people in
Cambodia and international aid workers; (6) the development of an improved version of the fish
releasing known amounts of bioavailable iron; and (7) the incorporation of a for-profit, sustainable
social enterprise that could serve as a model for commercialization of other health interventions in
developing countries.
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INTRODUCTION
At the turn of the century, the majority of the countries attending the United Nations accepted
and approved a series of Millennium Development Goals that focused on the imperative to end
serious hunger, improve the lives and livelihoods of women and children, improve the future
potential of children across the world and reduce gender inequality (United Nations Development
Programme, 2000). Despite major international effort, the progress was slow or ineffective, primarily
because the efforts were predominantly focused on philanthropic efforts of governments, civil society
and international agencies: business and business-minded solutions were not considered as part of the
solution. As the deadline for the completion of the Millennium Development Goals approached, the
Secretary General of the United Nations began to campaign for sustainable solutions to these
universal problems and promoted the concept of a Global Compact where governments, civil society
and business should work together to create a coordinated approach.1 The Millennium Development
Goals were replaced by the Sustainable Development Goals (United Nations Development, 2015),
which set a fifteen-year timeframe to develop and solve serious developmental programs facing the
world. The catalogue of the Sustainable Development Goals still includes dealing with poverty,
hunger (including hidden hunger or malnutrition), child potential and gender inequality.
Among the serious conditions that affect humankind, iron deficiency is the most significant
micronutrient deficiency in the world (Stoltzfus et al., 2005; World Health Organization, 2014). It
predominantly affects women (especially those of reproductive age), has significant effects on the
physical and mental growth and development in children and affects the daily-adjusted life years
(Black et al., 2008). The economic impact of iron deficiency is estimated by the World Bank as a loss
of $70B (USD) annually on worldwide gross domestic product. This is based on the assumptions that
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median total losses from physical impairment (inability to work to full capacity) and cognitive
impairment (lack of development of cognitive abilities as a child and continued problems with
concentration) represent a 4.05% loss in GDP (Horton and Ross, 2003). For the fourth time, in 2015,
the Copenhagen Consensus Centre strongly advocated for international global action to address iron
deficiency. Despite major efforts by governments and international agencies, iron deficiency
continues to rise (Webb et al., 2011; World Health Organization, 2008) and the costs of these
programs are increasing annually.
In 2011, Christopher Charles, a doctoral student in the Department of Biomedical Science at
the University of Guelph, published a promising study showing that a simple and cheap idea had the
power to improve both circulating and stored levels of iron in women in rural Cambodia (Charles et
al., 2011). The initial report was followed by a more detailed study published in 2015 (Charles at al.,
2015), which was based on the idea that cooking with cast iron pots provided a source of adventitious
iron that mimics adequate iron levels in a diverse diet. Dr. Charles promoted adding a small lump of
iron to a cooking pot during the preparation of meals, or incorporated when boiling water, to sterilize
it for drinking. In fact, in support of this approach there is evidence that dates back to the Han
dynasty in China (200 BC – 200 AD) where iron pots were used for cooking (Wertime, 1967).
Initially, Charles had challenges persuading women to use the iron ingots. After careful research, he
fashioned the ingot into the shape of a fish that is recognized as lucky in Khmer culture. Regular use
of the fish resulted in a significant and sustained increased in circulating and stored iron in women
who used the iron fish ingot (Charles, 2012b; 2015) compared with controls. Charles and colleagues
(2011a; b; 2015) referred to the fish as the Happy Fish. They also reported that the compliance rate
for use of the fish was 94% after one year of use. In sharp contrast, compliance rates for using iron
supplements was as low as 32% in some areas of Cambodia (Lacerte et al., 2014).

2

The success of the fish in the initial trials posed three challenging questions. First, although
Charles (Charles et al., 2011b) provided data to suggest that the iron fish were safe, there were still
many scientific questions that remained to be answered if the fish was to be widely used by
governments and aid agencies as an alternate to current treatments of iron deficiency. Second, it is
emerging that iron deficiency and iron deficiency anemia in Cambodia (and possibly elsewhere in
South East Asia) may not be as simple as originally conceived: the reasons underlying the condition
and the factors that contribute to anemia are likely more complex and there are many unanswered
questions about the etiology of iron deficiency and iron deficiency anemia. Third, commercializing
this potential health innovation across a country that is one of the poorest in the world, requires a
business model and approach that is likely different from other business models. There is a lack of
information about how to scale-up a health innovation in the developing world. These three clear
gaps in the literature underlie the purpose of the research reported in the current dissertation.
The principal goals of the research are to expand the knowledge about the safety and
biochemical impact of the fish and to develop an effective business plan for commercializing the
product.

Research motivation
From my first exposure to abject poverty during a field trip to Botswana, I harboured the desire
to make a significant difference to hunger in the world. With a background and training in business, I
wanted to find sustainable solutions to the problems that underlie hunger. I am convinced that
business solutions that empower people have the ability to offer people control of their own destinies
and that this type of approach will be more sustainable in the longer-term than current approaches. I
had been successful in promoting awareness of hunger and raised considerable amounts of money to
pack food to help people who are less fortunate, but I recognized that this was a short-term solution. I
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was searching for a fulfilling opportunity where I could use my business interests, including my
passion for social impact, to contribute to the literature on successful social enterprises and to make a
difference. I became entranced by the concept of the United Nations (UN) Global Compact that
sought to develop collaborative solutions between businesses, government and civil society in
tackling major global issues as a new paradigm to replace the Millennium Development Goals when
the commitment to the goals finished in 2015. The principal tenet of the Global Compact is to reject
the notions that business, governments and civil society should act independently. Independence
sews the seeds of conflict and competition with little chance for sustained success. In contrast,
combining the efforts of regulatory, for-profit and non-for-profit mind-sets provides opportunities for
sustainable solutions that will genuinely address and deal with many of the intractable and complex
problems in the world.
But how could I become involved? Could I contribute to the academic literature on such
action?
An advertisement appeared seeking a graduate student, with business acumen interested in
exploring the social science, business and science aspects of commercializing a simple health
innovation – the Happy Fish. It offered the ideal opportunity to combine my interests with a way to
test some of the tenets of the Global Compact. The project has lived up to its potential. It has been
exciting, challenging and, at times, a deeply frustrating and disappointing journey, but one that, in the
end, possesses promise that a small lump of iron, cast in the shape of a talisman of hope, really does
offer a model of how to the improve health in ways that are sustainable. It is the ultimate expression
of the value of bringing together a simple scientific idea and business acumen to solve a problem that
is global in scope.
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Research objectives
The principal intent of the thesis was to explore the most effective ways of scaling-up use of
the iron fish across Cambodia and use this as a model for wider distribution.
The main objectives of the study were:
Ø To expand the body of knowledge that demonstrates that the iron fish is a safe product to
include in cooking regimens and explore the release of iron from the ingot
Ø To expand understanding of the etiology and prevalence of iron deficiency and iron
deficiency anemia among rural populations in Cambodia
Ø To provide scientific evidence on the impact of use of the iron fish to demonstrate that the
fish is a viable and effective alternative to other forms of iron supplementation
Ø To explore the possibilities of improving the design of the fish
Ø To develop a financially viable business model that includes social value in as many aspects
of the business operations as possible
Ø To use the business model to demonstrate that the Global Compact really can be implemented
effectively to scale-up a health innovation
To achieve these goals it was necessary to:
Ø Expand knowledge of the parameters of the release of iron from the iron fish during cooking
Ø Identify effective, reliable and cost-effective production for the iron fish
Ø Develop processes to ensure quality control and safety assurance for producing the fish
Ø Demonstrate that the fish releases consistent amounts of iron during cooking and show that
the fish do not simultaneously release contaminants that might be deleterious to health
Ø Explore the possibilities of producing the fish from other forms of iron than cast iron
Ø Explore, in greater detail, the impact of using the fish on iron status and health of women with
different types of anemia
5

Ø Document the inclusion of social impact in the business approach and explore whether or not
the tenets of the Global Compact can work in practice or not
Ø Explore the understandings and tenets of trust and ethical frameworks among players in
Cambodia including: civil society (the NGO community); rural villagers; business leaders;
and government officials in Cambodian institutions to expose commonalities and differences
in their perceptions of trust and ethical frameworks

Organization of the thesis
The thesis is set out in a manuscript style format to include papers that have either been
published, are in the process of review or being submitted for publication. There are eleven chapters
excluding this introduction. Where chapters or sections of the chapters have been published or
accepted for publication copyright has been obtained from the relevant publisher Appendix 1.
All the experiments and surveys were conducted with the approval of ethics committees for
work on Human Subjects. These include: approvals from the Research Ethics Board (University of
Guelph) and the National Ethics Committee of the Ministry of Health (Cambodia). In addition, ethics
approval was also obtained for the clinical trial discussed in Chapter 4 from the Research Ethics
Board of the University of British Columbia (UBC) as the work of Chapter 4 was a collaborative
project with students and faculty at UBC.
Working with the government of the Kingdom of Cambodia proved to be very challenging for
a number of reasons, not least of which is the considerable number of ministries in the country who
believe that they have jurisdiction over medical interventions, fortification and supplementation
programs and business operations. A list of the Ministries involved in the project and the various
levels of consultation necessary are provided in Appendix 3.
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Chapter 1. Literature review
Chapter 1 provides a review of the literature on iron deficiency, iron deficiency anemia and its
prevalence worldwide with a particular focus on the situation in Cambodia. Over the last few years,
there has been a significant shift in our understanding of iron deficiency, iron deficiency anemia and
other forms of anemia and this is particularly relevant to the potential impact of the iron fish. The
Chapter also provides information on the role and importance of iron to the body, bioavailability of
iron in the diet, currently available treatments for ameliorating iron deficiency, and information about
the types of hemoglobin variants and hemoglobinopathies that can affect iron carrying-capacity of
hemoglobin. A portion of this work has already been published (Armstrong & Summerlee, 2014).
Chapter 2. The challenges of scaling-up the iron fish as a health innovation
Chapter 2 looks at the challenges associated with scaling-up the commercialization of a small
health innovation, like the iron fish, and explores the possibility of using a social enterprise to drive
effective business in Cambodia and elsewhere. In particular, the “buy-one, give-one” business model
is reviewed in some detail. Chapter 2 provides the results of research on the companies that are
currently using different business approaches for the “buy-one, give-one model” and explores the
challenges, barriers and advantageous features of these different approaches as reported by CEOs of
seventeen different companies. The advice and recommendations of these CEOs was used to
formulate some of concepts and directions of the company set up to commercialize the iron fish. The
work of this chapter is being prepared for publication (Armstrong et al., 2016a).
Chapter 2 also provides a brief review of the theoretical organizational behaviour, constructs
and evolution of organizational structure.
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Chapter 3. Demographics of households in Kandal Province, Cambodia
To inform the brand development process and to determine the marketing and advertising
strategies a detailed demographic survey was conducted on households in villages in Kandal province.
These data are reported in Chapter 3 and were used to inform the initial marketing plan, and the
development of the packaging and educational material to inform people about correct use of the fish.
Data were collected on households and families including: size; socio-economic status; access to
water and food; opportunities for marketing product; knowledge about iron deficiency and iron
deficiency anemia; and any previous knowledge of the Happy Fish (the first version of the iron fish).
In addition, data were collected on the average micronutrient (including metals and trace element)
intake of people in rural areas of Cambodia in Kandal to demonstrate whether or not the diets (food
and prepared drinks) lack micronutrients – in particular iron. Participants were also asked to
determine their level of physical activity through a questionnaire. The intent of this section was to
provide background information for the clinical trial on the impact of the fish in improving the iron
status of women. The part of this chapter concerning the micronutrient and electrolyte component of
the diet is being prepared for publication (Armstrong et al., 2016c).
Chapter 4. Factors affecting the release of iron and safety of the iron fish
Chapter 4 provides an explanation, rationale and process for branding the fish as the Lucky Iron
Fish™. It also provides information on the factors that affect the release of iron from the Lucky Iron
Fish™ during cooking or boiling water including: whether or not potentially harmful contaminants
are released; the impact of the taste, smell, colour; and the over-all palatability of water that has been
boiled with the fish. The work of this Chapter has been published (Armstrong et al., 2016b). The
discussion at the end of the Chapter also provides a rationale for explaining the further developments
of the fish, which are detailed in Chapter 10.
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Chapter 5. Micronutrients, metal and trace element assessment of diets in Preah Vihear province
The initial site for the principal clinical trial in the current thesis was the Kandal Province but
for reasons explained below (and more fully in Chapter 6), the site of the clinical trial was moved
during the project to Preah Vihear, a province in the northern part of Cambodia. Consequently, it was
necessary to repeat the background work on the availability of iron in the diet and drinking water of
people in this northern province. A detailed metal and trace element analysis of groundwater from
wells in Preah Vihear and an analysis of the content of food eaten over a 24-hour period are reported
in Chapter 5. The data collected in this study will be prepared as a paper for publication (Armstrong
et al., 2016d).
Chapter 6. Clinical trial to determine the efficacy of using the Lucky Iron Fish™
Chapter 6 reports on an expanded clinical trail of the fish. Initially, the expanded clinical trial
was planned to take place in Kandal Province: a region of the country that is close to the capital
Phnom Penh. However, after completing the initial planning for the clinical trial to take place in
Kandal, the project was relocated to Preah Vihear. The rationale for this change is described more
fully in the introduction to this Chapter but, in brief, Preah Vihear was selected for three principal
reasons: (1) it is socio-economically and geographically quite different from Kandal where the
original clinical trials were completed and concerns had been expressed that the two published
clinical trials did not provide evidence that the fish was effective in other regions; (2) villages and the
communes in Kandal are beset by clinical trials and interventions including nutrition trials and there
is evidence of “intervention fatigue” but, more importantly, it is progressively more difficult to carry
out nutrition trials in “naïve communities” in Kandal province; and (3) an opportunity arose to work
with a Non-Governmental Organization (NGO) with an extensive network of support workers in
Preah Vihear. The Danish Red Cross were willing to provide partial funding for the clinical trial if it
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was completed in Preah Vihear. The trial set out to compare the effectiveness of use of the Lucky
Iron Fish™ for alleviating iron deficiency anemia with proven supplementation techniques (iron
tablets) and to compare both treatments with controls (no treatment). Efforts were made in the design
of the current trial to mitigate some of the scientific questions raised by the original work by Charles
(2012b), which again are more fully documented in Chapter 6.
The onset of the clinical trial was significantly delayed due to challenges negotiating the
original application through the National Ethics Committee in Cambodia for the study in Kandal
province. However, once the decision had been made to move the project to Preah Vihear and enter
into a partnership with the University of British Columbia, there were further delays trying to
reconcile the demands of the Canadian Research Ethics Committees which had differing opinions
about some of the features of the proposed protocol. In total, the baseline study was delayed by 15
months. Therefore, the midline data of the clinical trial are reported in the current thesis.
Chapter 7. Production and safety assurance for the Lucky Iron Fish™
Chapter 7 provides information on the production challenges faced during the scale-up process
including the challenges encountered in sourcing contaminant-free iron in Cambodia. The
fundamental risks for Lucky Iron Fish Inc. are safety assurance of the product, reliable production
streams, and quality control. Therefore, standard operating procedures were established to ensure that
the fish were safe and that there was an appropriate quality control process in place. These standard
operating procedures are reported in Chapter 7. During the course of the project, an additional
foundry was sourced in Canada for producing fish to be distributed through Internet sales. Details on
the safety and quality assurance processes in the Canadian foundry are also provided in Chapter 7.
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Chapter 8. Business plan for Lucky Iron Fish Inc.
Lucky Iron Fish Inc. was incorporated as a company in Ontario, Canada on December 12, 2012
and registered as a company in Cambodia through the Ministry of Commerce. Chapter 8 includes
information on the patent and trademark processes, the development of the marketing and advertising
material, efforts to certify Lucky Iron Fish Inc. as a “B-Corporation”, and the actions taken to raise
equity to support the operations. The current and predicted financial position of the company and
budget are provided for context. Like all start-ups, the business models of the company changed over
the past three years. Chapter 8 provides an explanation on this evolution, outlines the current business
plan and details steps for further scale-up of the Lucky Iron Fish Inc. in Cambodia and elsewhere. It
also reviews the options for further growth of the company.
Chapter 9. Trust and ethical frameworks among players in Cambodia
Working effectively on a collaborative project to scale-up a health innovation in a developing
country requires a common understanding of the tenets of trust and ethical frameworks among the
players. Trust and alignment of ethical frameworks have been seen as critical elements for success of
the Global Impact promoted by the United Nations but there is anecdotal evidence that these
frameworks may not be aligned among the players, particularly in Cambodia. For example, major
international NGOs, following the lead by Gates and Clinton Foundations, announced that they will
no longer provide financial support to agencies and governments that participate in bribery and
corruption. The real challenge, however, seems to be the completely different views on ethical
frameworks between the developed and developing world. Chapter 9, therefore, provides the results
of a survey designed to explore and compare the elements of ethical frameworks that underlie trust
among villagers, business leaders, government officials, aid agency workers and international aid
agencies involved in working in Cambodia. Differences in these frameworks could support or

11

exacerbate the challenge of successful scale-up of the Lucky Iron Fish™ where participation of major
NGOs is seen as part of the strategic direction for the company. The results of this study are being
prepared for publication (Armstrong et al., 2016d).
Chapter 10. Lucky Iron Fish Electrolytic (LIFE)
Although previous chapters demonstrate that Lucky Iron Fish™ releases iron and is safe to use
and appears to improve the iron status of women, two major problems remain. First, although the
Lucky Iron Fish™ is protected by patent, the fish is only protected by a design patent. Data on the
original version of the fish – known as the Happy Fish – was published in advance of an application
for patent protection. The fish was redesigned (see Chapter 4) and thereby protected by a design
pattern, but this provides limited protections against competitive reproductions. Second, although it
has been shown that significant amounts of iron are released from the Lucky Iron Fish™ (Chapter 4)
there are no data on the bioavailability of the released iron.
Therefore, the current Chapter reports on work done to develop a new type of fish that could be
protected more effectively by patent through its unique formulation and to develop a fish that would
release known amounts of bioavailable iron. Working with a company in Pune (India), that produces
electrolytic iron – a pure form of iron produced by electrolysis, a new version of the fish has been
developed known as Lucky Iron Fish Electrolytic (LIFE). Extensive work has already been
completed to show that electrolytic iron is readily bioavailable (details reported in Chapter 10).
Patent protection for this new fish is being sought. However, as Lucky Iron Fish Electrolytic is not
yet protected by patent, publication of the thesis, if accepted, will be held for one year according to
the agreements at the University of Guelph on publication control, to provide sufficient time to
protect the new formulation and design of the fish. Chapter 10 provides data on the development of
Lucky Iron Fish Electrolytic safety assurance, the release of iron from the new version of the fish,
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reports on the safety testing of the fish and data comparing the Lucky Iron Fish™ (cast iron) and the
Lucky Iron Fish Electrolytic.
Chapter 11. Discussions, conclusions and next steps
This Chapter summarizes the work of thesis, and outlines the achievements of Lucky Iron Fish
Inc. as a social venture. The Chapter highlights the critical features of the “buy one, give one”
business model and the socially-driven decisions for the structure, management and operations of
Lucky Iron Fish Inc,. and evaluates their strengths and weaknesses compared with other companies
using the “buy one, give one” business model. Parts of the details of scaling up the distribution of the
Lucky Iron Fish™ are published (Armstrong & Summerlee, 2015).
Chapter 11 also brings together the research and findings and offers some context, the lessons
learned from the work and draws a number of conclusions about scaling-up health innovations that
may be useful for other studies considering commercializing a health innovation. In particular, this
chapter addresses the question of whether or not the “buy one, give one” business model adopted by
the Lucky Iron Fish Inc. addresses the aspirations of the Global Compact.
Finally, Chapter 11 includes recommendations for further research that might be carried out.
Addendum: Personal reflection
A personal reflection on the journey and process of working on this thesis is provided as an
addendum to the thesis. It has been a phenomenal experience being engaged in this project and in the
research. Working on a thesis where the research was truly interdisciplinary provided some unique
challenges but also required considerable support from faculty at the University of Guelph. My
personal observations may be helpful in providing support for other graduate research programs that
involve interdisciplinary study.
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References and appendices
Finally, the thesis concludes with a section providing all the references cited in the reports and
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CHAPTER 1: Literature Review
1.1 Iron deficiency
Iron deficiency is the most common micronutrient deficiency in the world, affecting more than
three and a half billion people (Baltussen et al., 2004; Clark, 2008). The World Health Organization
(WHO) has repeatedly indicated that this deficiency requires immediate attention from governments,
researchers, and healthcare practitioners because the social-economic and health impacts are so
severe (Clarke, 2008; WHO, 2008). To date, however, efforts to ameliorate the condition have not
resulted in improvements. Iron deficiency is prevalent in both the developed and developing
countries, but it predominantly affects women of reproductive age and children, especially those
living below the poverty line (Charles, 2012a; DeMaeyer & Adiels-Tegman, 1985; Webb et al.,
2011).
Iron deficiency and iron deficiency anemia result from long-term negative iron imbalance,
culminating in decreased or exhausted iron stores (Allen, 2000; Clarke, 2008; Ramakrishnan & Yip,
2002). Iron is a component of every living cell that is involved in a number of vital biochemical
reactions in the body (Crichton et al., 2002; Theil, 2004; Webb et al., 2011). Without iron, the effects
on health and well-being range from mild to very serious and even death. Malfunctions include
stunting and abnormal growth and impaired cognitive development in children, delayed mental
development and poor motor function, and reduced work capacity and overall energy levels (Charles,
2012a; Grantham-McGregor, 2001; Lozoff & Georgieff, 2006). Iron deficiency has also been linked
with reduced resistance to disease (Chandra, 1973; Dallman, 1987; Macdougall et al., 1975; Prema et
al., 1982; Srikantia et al., 1976), reduced endurance for work, reduced productivity (Davies et al.,
1973; Desai et al., 1984. Walker, 1998), and reduced aerobic work capacity (Haas & Brownlie, 2001).
Iron-deficient pregnant women are more likely to die during childbirth (Brabin et al., 2001; Stoltzfus
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et al., 2005), go into pre-term labour (Allen, 2001), and deliver low birth-weight babies, sometimes
with fetal stunting (Stoltzfus et al., 2005).
In addition to lack of iron in the diet, there are a number factors that affect iron deficiency and
iron deficiency anemia (WHO, 2008; Webb et al., 2011). These include: (1) parasitic infestation - in
Cambodia there is a high prevalence of infection with hookworm, whipworm, roundworm, and a
number of other intestinal parasites (Johnston & Cockle, 2008; Lee et al., 2008; Park et al., 2004).
These cause intestinal bleeding (blood loss) and compete with the body for iron, and/or reduce iron
absorption; (2) malaria exhausts supplies of iron (WHO, 2005; 2010) but the number of malariacarrying mosquitoes in Cambodia has decreased in the past 10 years (FAO, 2005); (3)
hemoglobinopathies (Carnley et al., 2006). These conditions are more prevalent in South-East Asia
than in other parts of the world; (4) water contamination – for example arsenic (RDI, 2011) reduces
the ability of the body to absorb iron (Cebrian et al., 1983; Meng et al., 2002). Although there are
international regulations on the level of contaminants that should be present in water (Food Chemical
Codex, 2004), these are difficult to regulate in developing world; and (5) reproductive state, i.e.,
menstruation, pregnancy and blood loss in childbirth increase the body’s demand for iron (Allen,
2001; Brabin et al., 2001; Stoltzfus et al., 2005). There is a growing body of opinion that anemia in
Cambodia, at least in some provinces, is more likely to be due to hemoglobinopathies rather than
dietary iron deficiency as originally thought (Karakochuk et a., 2015c) and in some areas in
Cambodia high iron levels in the water may actually contribute to high circulating levels in the blood
(Karakochuk et al., 2015a).
Prevention and control of iron deficiency is achieved by boosting iron levels in the diet. There
are two forms of dietary iron: (1) heme iron, derived from hemoglobin in blood, which is found in
meat, poultry and fish; and (2) non-heme iron, which is found in plant foods such as lentils and
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inlcuding beans. Although the body more readily absorbs heme iron, non-heme iron is usually used to
supplement diets because it is more easily available and less expensive. Four types of iron
supplementation have been used in the past: (1) iron fortification of food staples like flour, rice, and
pasta (Lynch, 2011; Webb et al., 2011); (2) iron supplementation using oral tablets, often
complemented with folic acid and other micronutrients that boost absorption of iron (Stoltzfus &
Dreyfuss, 2008); (3) cooking food in iron pots (Adish et al., 1999; Geerlings et al., 2003) so that iron
leaches from the pots and is absorbed in the cooked food; and (4) fortified iron powders (for example,
“Sprinkles”) which are sprinkled onto daily breakfast food (Christophides, 2006; Webb et al., 2011).
Although all four supplementation options can be successful, access to these may be limited
and, in the case of pills or powders there is a risk of toxicity if they are not used properly (Fisher &
Naughton 2004). To be effective, the supplementation options must be consistently available,
however in many parts of the developing world including in parts of rural Cambodia, this is not
possible: supplements may not be available at all or only available on an intermittent basis; may be
too expensive; or are culturally unacceptable. For example, fortified staples are not produced and
distributed widely in many parts of the developing world, especially in rural areas which are
generally inaccessible during the rainy season. Iron pills or powders, and iron cooking pots are too
expensive for people living below the United Nations definition of abject poverty (less than $1.25 US
per day): both iron pills and powders cost approximately $2.50 to $4.00 per person per month.
Cooking in iron pots are too heavy and expensive, and simply not practical. Due to combination of
these reasons, compliance with iron supplementation (particularly oral pills) is low in Cambodia:
reports suggest that compliance rates are less than 45% and in some areas are as low as 32% (Lacerte
et al., 2014). In addition, there is evidence to suggest that simply providing iron in children, while it
may restore iron levels in the body, may not reverse some of the negative developmental aspects of
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iron deficiency. Lozoff et al. (1985; 2006). Neurodevelopmental deficits in children with iron
deficiency can result in lifelong limitations in psychomotor skills and cognitive performance (Lozoff
et al., 1985; 2003; 2006; 2008). In a follow-up study of infants with low to moderate iron levels at 12
months who were treated with iron supplements, Lozoff and colleagues (2006) found that
irrespective of nutritional status at 12 months, all of the children by aged 5 had comparable iron
stores but the children who were originally moderately anemic (Hb < 100 g/L) had lower
neurodevelopmental scores that persisted at aged 5. In other words treating iron deficiency in
children may not be sufficient to reverse neurodevelopmental deficits raising the spectre of the vital
importance of not simply treatment but prevention of the condition.
Despite the potential solutions to alleviate iron deficiency, the evidence is that iron deficiency
worldwide has increased: the Copenhagen Consensus Centre documented a rise in iron deficiency of
10% worldwide between 2004 and 2012 (Copenhagen Consensus Centre 2012). There is, therefore, a
critical need not only to develop a simple, effective, cheap, and available solution that does not have
the potential to result in iron toxicity, but also, one that is readily available and accepted by end-users.
1.2 Importance of iron in the body
Iron is vital for normal physiological functions. Iron is primarily used in the formation of
hemoglobin, myoglobin and other metalloproteins, and is also an essential component of cell
membranes throughout the body (Lynch 1997). It is estimated that for most individuals who are
considered adequately nourished in the developed world that the body contains 3-5 gm iron, with
about 65% in the form of hemoglobin (Bothwell, 1995). The balance of the iron in the body is either
myoglobin, found in muscles or other heme compounds that are involved in intracellular oxidation,
or the iron is stored as ferritin in the reticuloendothelial system (Fraser & Anderson, 2005). In
general, men have larger of stores of iron compared with women. This is likely due to the rate of use
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of iron in women, particularly women of reproductive age where iron is essential for pregnancy and
lactation and is lost at menstruation (Bothwell, 1995).
Despite its essential nature, iron is not well absorbed by the digestive system (Charlton &
Bothwell, 1983; Bothwell et al., 1995). Iron is absorbed in the duodenum and proximal jejunum
through enterocytes of the intestinal villi (McKie et al., 2001). There is a separate absorption pathway
for heme iron and non-heme iron although both pathways are poorly understood (Aisen et al., 1999;
Bothwell et al., 1995; Baynes & Bothwell, 1990; Hentze et al., 2004).
Non-heme iron is actively transported across the apical membrance of enterocytes in its
ferrous form (Aisen et al., 1999; Hentze et al., 2004). Unfortunately, most dietary non-heme iron is in
the ferric form, and although the apical membrane of the enterocytes possess specific ferric reductase
enzymes to facilitate uptake (Latunde-Dada et al., 2002) the process is neither very effective nor
efficient. Heme molecules bind directly to the apical membrane via a super transporter protein known
as heme carrier protein 1 (HCP1) (Shayeghi et al., 2005). The presence of HCP1 is the rate limiting
step in the absorption of heme iron. Shipped across the cytoplasm of the cell, iron is then moved
across the basement membrane into the blood via a transmembrane ferroportin 1 (Zoller et al., 2001).
Transport is facilitated by a membrane-bound oxidase known as hephaestin (Fleming & Bacon 2005;
Han & Kim, 2007). The presence of hephaestin represents the rate-limiting factor for effective
absorption of heme iron (Flemming & Bacon, 2005).
In the blood, iron binds to transferrin and is rapidly transported to storage as cellular ferritin
or used in the formation of iron proteins (Bailey et al., 1988; Bleackley et al., 2009). The overall
control of the fate of absorbed iron rests with a liver peptide, known as Hepcidin (Ganz, 2003;
Krause et al., 200; Park et al., 2001; Viatte et al., 2005). High levels of circulating iron increase the
expression of hepatic hepcidin, which reduces iron absorption, and vice versa (Dunn et al., 2007;
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Viatte et al., 2005). At times when there is an overall increase in the demand for iron (for example,
during anemia, hypoxia or periods of intense erythropoietic activity after significant hemorrhage or
associated with pregnancy and lactation), down-regulation of hepcidin expression occurs (Dunn et al.,
2007; Park et al., 2006; Vourka et al., 2006).
The primary function of hemoglobin is the binding and transportation of oxygen in the blood
to tissues and the binding and transport from the tissues to the lungs in response to metabolic
demands (Baldwin & Chothia, 1979). Synthesis of the allosteic protein occurs in the erythrocytes
during the initial phases of red blood cell development (London et al., 1964). The reversible
oxygenation of the heme molecule at the centre of hemoglobin is the key to its function (Schwartz et
al., 1961). Mature hemoglobin molecules comprise four globular protein subunits around a nonprotein heme core (Perutz, 1976; Perutz et al., 1960). Oxygen binds reversibly with hemoglobin in
the lungs where the gaseous tension of oxygen is high and is released in the form of molecular
oxygen where the gaseous tension of the molecule is much lower in peripheral tissues (Campbell,
1927). The protein also binds reversibly with carbon dioxide and carbon monoxide - when oxygen
tension is low and releases the carbon dioxide/monoxide when oxygen tensions are higher
(Christiansen et al., 1914; Hill, 1913). Carbon dioxide and oxygen occupy different receptors on the
hemoglobin molecule (Christiansen et al., 1914; Roughten et al., 1970). However, carbon monoxide
competes directly with oxygen for the same receptor and actually has a greater affinity for the
receptor which is basis of carbon monoxide poisoning (Douglas et al., 1912; Hill, 1913).
1.3 Bioavailability of Iron
There is controversy in the literature about the bioavailability of iron in iron fortification
programs (Hu, 2005). Two types of iron are used for fortification (elemental iron and iron
compounds). Elemental iron appears either as reduced, electrolytic and carbonyl, whereas iron
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compounds are primarily oxides and sulphates with either ferrous or ferric iron (Hu, 2005). The
challenge with determining the bioavailability and the relative effectiveness for absorption is that
elemental iron is converted to iron compounds during cooking and digestion and there appears to be a
species difference in absorption of iron: much of the work has been carried out in rats but when the
same experiments are repeated in humans, the results appear to differ substantially (Duarte-Vazquez,
2004; Hurrell et al., 2002; Swain et al., 2004; Yeung et al., 2005).
Bioavailability of iron determined from in vitro studies tends to suggest that reduced iron is
more readily absorbed by the human digestive system perhaps related to particle size, dissolvability
in acid, and relatively quick conversion to oxides in acidic conditions (Biebinger et al., 2009; Hu,
2005; Swain et al., 2003; Zimmerman et al., 2005). Moreover, adding iron other than elemental iron
to foods tends to change the colour and taste of the food (Richins et al., 2008).
In any analysis of the effectiveness of iron treatments (whether through fortification,
supplementation or supply of iron from adventitious sources) it is important to at least understand the
types of iron that are available for absorption in the digestive system and efforts should be focused on
generating the forms of iron that are most readily absorbed by the body.
1.4 Prevalence of Iron Deficiency in Cambodia
Anemia is more prevalent in the developing world than the developed world, and the largest
population affected by anemia (315 million) is found in South-East Asia (Cambodian Demographic
and Health Survey 2005; 2008; Charles et al., 2012; WHO, 2008). The Cambodian Demographic and
Health Survey (2008) reported that 44% of the total population in Cambodia exhibited anemia and
until recently it was assumed that a significant proportion of that number were suffering from iron
deficiency anemia. However, in the more recent Cambodian Demographic and Health Survey (2012)
it was suggested that, at least in some provinces, iron deficiency anemia might be as low as 7% and
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that other forms of anemia, for example as a result of hemoglobinopathies are more prevalent. This
has been substantiated in detailed studies in particular regions of the country. For example,
Karakochuk and colleagues (2015a & b) reported that less than 7% of women in one of the rural
regions in the middle of Cambodia were anemic from iron deficiency alone. The prevailing belief is
that boosting dietary iron will not improve the iron status of women who are not suffering from iron
deficiency anemia. However, there is some emerging evidence that low level supplementation with
iron may be helpful to women suffering from hemoglobinopathies (Jones et al., 2015). Low level iron
supplementation might also be useful for people who are HIV-positive, who do not tolerate iron
supplementation with iron pills well (Semba & Clarke, 2001). These gaps in our knowledge raise
important questions about the etiology of anemia across the country and whether or not low-level
iron supplementation (such as uses of adventitious sources of iron) might be helpful for women
suffering from hemoglobinopathies, HIV or other forms of anemia that are not directly related solely
to low dietary sources of iron.
1.5 Hemoglobinopathies, variants of hemoglobin and anemia
Hemoglobin is the predominant form of the oxygen-carrying metalloprotein found in the red
blood cells of all vertebrates (Maton et al., 1993; Steinberg et al., 2001) with the exception of some
ice fish (Sidell & O’Brien 2006). The other oxygen-carrying metalloprotein found in vertebrates,
myoglobin, is predominantly found in muscle where it acts to store oxygen as opposed to an oxygentransporter (Kendrew et al., 1960; Ordway & Garry, 2004). Hemoglobin has a quaternary structure
with four globular protein subunits tightly associated with a non-protein heme group (Perutz et al.,
1960). The globin subunits are arranged as two chains α and β.
Changes in the structure of hemoglobin can affect its oxygen-carrying capacity and can affect
the life span of red blood cells (Terwilliger, 1998) and variants can be seen in either the α or β chain
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(Perutz et al., 1960; Terwilliger, 1998). There are a number of variants of hemoglobin that are
recognized: these include embryonic and fetal hemoglobins, which are found in developing tissues
and are part of the normal process of embryonic/fetal development (Hardison, 2012; Schroeder et al.,
1962); and a number of pathologic mutant forms of the metalloprotein (Fucharoen & Winichagoon,
1987; Huisman & Jonxis, 1977). Some of the variants result in no detectable pathology (Hardison et
al., 1998; Huisman et al., 1996), some appear to confer a competitive advantage to an affected
individual (Pasvol, 2010) and some cause serious and incurable and intractable disease such as
thalassemia (Galanello & Origa, 2010). Common variants include: hemoglobin A, which is the
‘normal’ hemoglobin that exists in adult vertebrates in circulation in red blood cells (Marton et al.,
1993; Steinberg et al., 2001); hemoglobin S, which is associated with a variation in the β-chain gene
known as sickle-cell anemia (Ashley-Koch et al., 1999); hemoglobin F which is the predominant
(normal) form in the fetus (Hardison, 2012; Schroeder et al., 1962); and hemoglobin E which is the
predominant form of variant recorded in South-East Asia and is associated with mild haemolytic
anemia (Fucharoen & Winichagoon, 1987; Pasvol, 2010).
The principle challenges in understanding the clinical manifestations of variants of hemoglobin
and hemoglobinopathies are: (1) the clinical affects will differ depending on whether or not the
variation is present in the homo- or heterozygotic form; and (2) whether one or multiple variations
are present in the same individual. For example: individuals who are heterozygotic for hemoglobin E
normally exhibit mild anemia or undetectable clinical problems whereas homozygotic individuals
may have severe hemolysis and profound anemia: individuals with one or two genetic defects leading
to the production of haemoglobin E plus the β-thalassemia trait will be incurably ill (Benz et al.,
1981; Fucharoen et al., 2003).
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There are three basic types of haemoglobin disorders: (1) structural defects in the hemoglobin
molecule; (2) reduced production of one of the two subunits of the molecule; or (3) unusual
associations bound to otherwise normal subunits (Maton et al., 1993 ).
The predominant forms of hemoglobinopathies in South East Asia include the presence of
hemoglobin E and β-thalassemia (Fucharoen & Winichagoon, 1987) although there is an association
with α-thalassemia in some families in Cambodia (Fuchareon et al., 2003). Hemoglobin E is due to a
point mutation in the β-chain. Individuals who carry two copies of the defective gene do not normally
present post-partum: there is still sufficient hemoglobin F from fetal life to sustain the neonate but as
the child develops, the proportion of hemoglobin F decreases and the E-variant predominates
(Hardison, 2012; Schroeder et al., 1962). Affected individuals are anemic and suffer from hemolysis.
In contrast, people who are heterozygotic for hemoglobin E do not normally show overt clinical signs
but they likely have a lower than normal mean corpuscular volume and an usually large proportion of
the red blood cells are morphologically abnormal (Fairbanks et al., 1979; Massey, 1992; Vichinsky,
2007). It has been suggested that heterozygosity for the hemoglobin E defect may confer a
competitive advantage in malaria endemic regions, particularly Plasmodium falciparum (Pasvol,
2010). The more rapid turn-over of red blood cells due to the presence of the hemoglobin E defect
actually removes red blood cells affected in the malaria parasite at a faster rate compared with an
individual who does not possess the trait. Nevertheless, such individuals have a higher demand for
iron as the red blood cells are replaced at a higher rate compared with normal adults.
1.6 Alleviating iron deficiency
1.6.1 Dietary sources of iron
The most important source of iron that is readily absorbed by the body is derived from foods
that have high levels of iron, which include meat (beef, pork, goat and sheep), fish and poultry, as
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well as non-animal foods such as legumes and green leafy vegetables (World Health Organization,
2001). There are, however, a number of components of a meal that can affect the absorption of iron:
some factors enhance the absorption while others limit its absorption. Foods that typically contain
high levels of vitamin A and C, and folic acid: for example, fruits (particularly citrus fruits),
vegetables, and tubers. Conversely, phytates, found in cereal grains, tannins and other polyphenols
found primarily in tea and coffee, and calcium from milk and milk products limit the absorption of
iron (Layrisse et al., 1968; 1986; Hallberg et al., 1986; 1989; 1991).
Diets in South-East Asia, predominantly consisting of rice, small amounts of protein (most
commonly in the form of fish), and a few vegetables and spices do not provide sufficient iron to
satisfy the required daily intake of iron (Hallberg et al. 1974; 1977). These diets, in addition to
having less diversity, have low iron levels and usually an overall nutritional value that is lower,
compared to diets in the developing world (Ramakrishnan & Yip, 2002). Hallberg and colleagues
(1974) suggest that even including fruit and occasional meat to the diet, as commonly occurs in
Cambodia, there is not sufficient iron to ensure an adequate supply especially for women and
children.
There are three principal non-dietary sources of iron that are used to alleviate iron deficiency:
fortification of staples or products used regularly in daily meal preparation; supplementation –
regular ingestion of pills or powders that have a high bioavailable iron content; or uses of
adventitious sources of iron – most commonly cooking with iron pots where iron leaches from the
surface of the cooking pot and actually boosts the iron levels in the food. Each of the options has its
advantages and disadvantages, are more or less culturally relevant, have cost implications and
differences in compliance. All of these factors can impact the effectiveness of the strategy both in
human health and economic terms.
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1.6.2 Fortification
Iron fortification is based on the premise that boosting the iron levels in staples or products
that are used regularly in daily meal preparations will increase iron available in the diet. Historically,
flour and other cereals have been used most commonly (Baltussen et al., 2004; Ramakrishnan & Yip,
2002; Webb et al., 2011). Elemental iron powder (from approximately 30 to 60 µg/g) is added to
flour or other cereals during the milling process and the impact on reducing iron deficiency has been
significant. More recently, the possibility of direct plant-breeding/genetic modification has become
more prevalent as a means of boosting dietary iron (Lucca et al., 2001; Webb et al., 2011).
Critical for the success of fortification are a number of features that include: regular use of the
staple (i.e., cultural relevance of the staple to the diet); cost, economic ability and willingness of the
end-user to purchase the enriched product; availability of the enriched product; and, in some cases,
legislative decisions to mandate that only enriched product is available.
In the developed world, many of these conditions apply. For example, in Canada it has been
mandatory to enrich all flour, pasta and precooked rice and certain substitute foods since 1976
(Guggenheim, 1995). All of these staples are regularly part of the accepted diet in Canada. In fact, an
increasing number of vitamins and minerals have been added to a variety of foods with the increase
in ready-to-eat and processed foods available in North America. The evidence of impact is
compelling: for example, approximately 40% of the total daily recommended intake of iron is
estimated to come from ready-to-eat cereals (Ramakrishnan & Yip, 2002); and there has been a
substantial reduction in iron deficiency in the United States. among children following the
introduction of fortification for infant formulas and foods (Yip & Ramakrishnan, 2002).
These approaches have been successful in countries where flour and pasta and processed
foods are available: they have been less successful in countries, like Cambodia, where such staples
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are not part of the “normal” diet or the people cannot afford or gain access to processed foods. While
there are efforts to fortify through genetic modification of strains of rice, the end result is either
expensive to the rural family and/or the change in colour with the additional iron (so-called “golden
rice”) provides a barrier to acceptability. Most recently, there have been a number of organizations
looking at the possibility of fortifying fish or soy sauce (Fidler et al, 2003). Although these may
prove to be successful at raising iron levels in users, the challenge will likely be cost – most rural
families in Cambodia produce their own fish or soy sauce because they cannot afford commercially
available product (G.R. Armstrong, 2015 – personal observation).
1.6.3 Supplementation
Iron supplementation is the most common and cost-effective strategy to control iron
deficiency in the developing world (Baltussen et al., 2004). Although the recommended dietary
intake of iron varies with age, gender, lifestyle and diet, the World Health Organization guidelines
suggest that iron supplementation should include administration of 60 mg of iron daily with a dose of
400 µg of folic acid for women of reproductive age, 30 mg of iron and 250 µg of folic acid for
school-aged children, and approximately 2 mg/kg body weight per day for preschool-aged children
(McLean et al., 2008). There have been a number of studies on the effectiveness of a variety of
treatments on women of reproductive age, and infants, preschool and school-aged children (Faih et
al., 2006; Menendez et al., 1997; Mumtaz et al., 2000; Preziosi et al., 1997; United Nations, 2000;
Viteri, 1997) all showing the impact of providing supplements. However, there are several major
logistical and behavioural challenges. For example: iron pills are expensive to produce and distribute,
and do not offer a sustainable solution to the challenge, especially in poorer countries; iron pills are
culturally difficult for a number of women in the developing world to accept; and iron pills have
significant unpleasant side effects (for example; gastrointestinal irritation, black stools, and
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constipation). The combination of these challenges results in poor adherence to treatment guidelines,
lack of motivation to take the supplements, and a risk of iron overload if supplementation guidelines
are not followed correctly (World Health Organization, 2001). Recently, it was reported that the
compliance rates in Cambodia were as low as 32% in some regions (Lacerte et al., 2014). Finally, the
lack of adequate infrastructure means that supplements are not always available. For example; many
of the roads to rural areas become impassable in the rainy season in Cambodia.
1.6.4 Adventitious sources of iron
Dating back to 3rd Century BC China, it has been common knowledge that cooking in iron
pots alleviated a condition known as yellow or pale skin (Wertime, 1957) – likely one of the signs of
iron deficiency. Iron leaches from the pots during cooking and boosts iron in the diet and there are a
number of anecdotes and reports from different cultures on the use of iron cookware or adventitious
sources of iron to ameliorate the signs of iron deficiency. However, it was not until 1986, that
scientific proof for the idea emerged: rats fed on a prepared diet with low iron, but cooked in an iron
pot, had the same hemoglobin, hematocrit, protoporphyrin, serum iron, and transferrin saturation
levels as those in rats fed an iron-rich diet (Martinez & Vannucchi, 1986).
Similar evidence has emerged from trials in humans: Ethiopian children aged 2-5 years
(Adish et al., 1999), pre-term infants (between months 4 and 12) from Brazil (Borigato & Martinez,
1998) and children in Malawi (Geerligs et al., 2003a & b) consuming foods cooked in iron pots were
found to have lower rates of anemia compared to children whose food was cooked in non-iron pots.
Moreover, the children eating foods cooked in the iron pots had improved circulating and stored
levels of iron. In the Ethiopian study, the authors also reported moderate height and weight gains in
children in the treatment groups (Adish et al., 1999).
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Although the trials of cooking in iron pots were successful, there were still problems with
compliance and in trying to scale-up the use of iron pots. Geerligs et al. (2003) reported that the
women in the trial were reluctant to continue using the iron pots because they were heavy, difficult to
clean (they rusted easily), chipped and broke readily if dropped and they were expensive.
Charles expanded the concept of cooking with adventitious sources of iron. Initially, he
demonstrated that adding a block of iron, cast in the shape of a fish, to the cooking pot during meal
preparation or boiling drinking water, boosted levels of circulating and stored iron (Charles et al.,
2011). Charles (2012b) referred to the fish as the Happy Fish. Although the first results were
promising, they were confounded by the source of the water used at different times throughout the
study. About halfway through the trial, with the change of seasons, the women started to drink water
that was contaminated with arsenic. Arsenic chelates iron making it unavailable for absorption, which
resulted in the failure to maintain elevated iron levels throughout the study period. Charles (2012b)
also measured serum iron directly, rather than serum ferritin – the former varies considerably with
dietary intake and is not considered an adequate marker of iron status. Based on the results from the
first trial, a more extensive study was completed (Charles 2012b; Charles et al., 2015). These results
showed unequivocally that using the fish every day for nine months significantly increased
circulating iron (hemoglobin levels) and stored iron (serum ferritin) in women and the prevalence of
anemia was reduced. Furthermore, Charles (2012b; Charles et al., 2011; 2015) found that boiling the
fish in one litre of water, acidified with a few drops of lemon juice, provided up to 75% of the daily
iron requirement for a women of reproductive age. In addition, compliance for use of the fish over
the study increased to over 90% by the ninth month (Charles, 2012b; Charles et al., 2015).
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1.7 Rationale for the work included in this thesis
The results from the studies using the Happy Fish (Charles, 2012b; Charles et al., 2015) were
promising but they raised a number of questions including the impact on women with
hemoglobinopathies and other hematological conditions that may or may not respond to iron
treatment. Moreover, like the trials using the iron cooking pots, there were a number of questions
about how to commercialize the idea of the Happy Fish and to expand the distribution of the fish in a
way that was financially sustainable. There are approximately 15 million people in Cambodia,
residing in 5 million homes (Cambodian Demographic Health Survey, 2012) with approximately
50% of the women and children anemic. Scaling-up use of the iron fish and making it part of the
cooking routine of every household in country could make a significant impact on health and wellbeing, particularly of women and children. In addition to the health benefits, it could have a
significant impact on the abilities of the women and youth to be able to work and contribute to
economic prosperity.
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CHAPTER 2: Options for scaling-up the iron fish as a health innovation
2.1 Background
Despite the documented successes of the iron fortification programs in the developed world,
the prevalence of iron deficiency and iron deficiency anemia worldwide continues to increase in the
developing world. Every four years, the Copenhagen Consensus, assesses the critical challenges
facing the world in economic terms. Each time since 2000, the international gathering of key
economists and researchers have identified that the number one economic and health challenge facing
the world is iron deficiency (Copenhagen Consensus, 2000; 2004; 2008; 2012). In fact, the
Consensus estimates that the condition results in a loss of worldwide GDP in the range of $70 USD
billion per annum. This begs the question as to why programs to alleviate iron deficiency and iron
deficiency anemia are not more successful.
Part of the challenge may be cultural insensitivity or lack of awareness about the importance
of cultural issues in proposing solutions. For example, the methods that have been successful in the
developed world may not be culturally acceptable in certain countries. In particular, if the
approaches used in the developed world are applied to South-East Asia, including Cambodia, they
require changes in behaviour and a level of understanding about the condition. Part of the problem
may be competing interests and philosophies on how to solve the problem: international agencies
such as the World Health Organization and United Nations through the World Food Programme and
UNICEF have advocated a role for governments in providing supplements (including iron
supplements) at critical times (for example in pregnancy) and supported that agenda by providing aid
to developing counties. But that aid is tied to iron supplementation programs. The “aid paradigm”
actually poses other potential barriers: such programs are not sustainable as they rely on funding from
developed countries; they interfere with country-priorities and may or may not be embraced by the
country; and they offer a product “free of charge” to the end-user. Leaving aside whether or not the
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end-user understands why they have been given these pills and whether or not taking pills on a
regular basis is culturally acceptable, there is an emerging literature that speaks eloquently to the
observation that giving a “free” handout does not necessarily engage the end-user in using the
product (Easterly & Pfutze, 2008).
Another possible challenge is the dominance of pharmaceutical companies in providing iron
supplementation. The supplementation business is substantial. In 2015, supplements represented a
$30 billion (USD) enterprise in the United States alone and iron supplements accounted for about $14
billion of that revenue (National Business Journal: Supplement, 2015). All of this has to be set
against the evidence that strongly suggests compliance rates with supplementation program are very
low especially in developing countries. In Cambodia, for example, there are reports that compliance
is as low as 32% in some regions (Lacerte et al. 2012).
Against this backdrop, the fundamental challenge, from a business perspective for the Lucky
Iron Fish™, is how do you commercialize and scale-up the idea of cooking with a block of iron?
What are the steps that need to be completed? What are the appropriate business models to use? How
can cultural changes in the attitudes among the developed world be used to advantage in making a
difference in the developing world? And what lessons can be learned in the process that may be
relevant to commercialization of other health innovations?
2.2 Social enterprise / social entrepreneurship
In the 1960s and 1970s, terminology began to appear in the business literature recognizing
that in some circumstances, rewards beyond simple economic returns could be drivers for
entrepreneurs (Owen, 1972). The idea emerged that social change could be engineered through
business ventures and the term “social entrepreneurship” was established. Although its roots can be
traced, with hindsight, back to the time of Florence Nightingale (Owen, 1972), social
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entrepreneurship describes an entrepreneurial approach to business where the prime driver is the
creation of social value rather than personal and shareholder wealth (Austin et al., 2006; Zadek &
Thake, 2007). Social entrepreneurship therefore refers to innovative activity with a social objective
and signals an imperative to drive social change through lasting benefit to society that is possibly
secondary to financial gain.
A social enterprise can be seen in the for-profit sector, such as social-purpose commercial
enterprise (Dees & Anderson, 2003; Emerson & Twersky, 1996), in corporate social entrepreneurship
(Austin et al., 2004), in the not-for-profit sector (Emerson & Twersky, 1996), or across sectors – a
hybrid model (Dees, 1988). Although definitions of social entrepreneurship differ, there was an
emerging common consensus in the early part of this millennium was reported by Austin and
colleagues (Austin et al., 2004). They suggested that social entrepreneurship is “innovative social
value creating activity that can occur within or across the nonprofit, business or government sectors”
and four prevalent theoretical constructs/variables were developed. The first construct was that
social-purpose organizations emerged when there was social-market failure (Nelson & Krashingsky,
1973; Weisbrod, 1975; 1977), i.e., when people might not be able to pay for services they need. The
second construct occurred as a result of tension between creating social value versus economic profit.
Although it is an oversimplified view of the market (Austin et al., 2004; Emerson & Twersky, 1996),
it is accepted that no business can exist by creating social value alone. Therefore, there is a tension
between public good versus profit: this implies that some business models may not be economically
viable and sustainable. The third construct emerged from restrictive perceptions about surpluses that
were generated by nonprofit organizations. There was a prevailing sense that remunerative strategies
should be kept low in nonprofit organizations to maximize the social value in a social versus
commercial enterprise. This limited the economic success of social entrepreneurs that has been
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reflected in the way that personnel in social enterprises are remunerated. Austin et al. (2004) claimed
that this negatively impacted the creative potential/talent of employees. In other words, it was likely
that human and financial resource mobilization was different between commercial and social
enterprises. Finally, from a theoretical perspective, the principal performance challenge for social
entrepreneurship was to define and measure social good in quantitative and even qualitative terms.
This stands in contrast to the more readily quantified economic outcomes of a for-profit enterprise.
Social entrepreneurship is rooted in our understanding or entrepreneurship. Jean-Baptiste
Say (cited by CJ Dees, 2001) established the first definition of entrepreneurship in the 19th century
when he described the idea that an entrepreneur is an individual who “shifts economic resources out
of an area of lower and into an area of higher productivity and greater yield”. This quote is taken to
embody the concept of value creation. Almost a century later, Schumpeter expanded the concept of
value creation to include the critical idea of a driving force or “Unternehmer” [translated as
entrepreneurial spirit (Schumpeter, 1975)]. In fact, he proposed that the entrepreneurial spirit that
drives the creation of value also disrupts the equilibrium and offers the opportunity to create new
businesses, products or services that will make other business models obsolete. Although his rhetoric
including phrases like “creative destruction” may be challenging to conservative opinions, his
underlying message is clear: an entrepreneur is a change agent. Drucker (1995) does not necessarily
see the entrepreneur solely as an agent of change but more an individual who seeks and sees
possibilities for change and exploits opportunities. In other words, while an entrepreneur may be an
innovator or an early exploiter of opportunity, there is a drive to pursue change and some would add
an unwillingness to compromise and therefore take the risks to achieve change (Martin & Osberg,
2007). To achieve change, the entrepreneur needs to be imbued with, or have learned, the personal
characteristics of inspiration, creativity, direct action, courage and fortitude (Martin & Osberg, 2007).
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Martin and Osberg (2007) also argue that the same characteristics must underlie a social
entrepreneur’s behaviour but, in addition, there is a critical difference between the value proposition
of an entrepreneur versus a social entrepreneur. They argue that the essential value proposition of an
entrepreneur is anticipation and the organization to sense a market that can comfortably afford a
product or service being offered i.e., create profit. In complete contrast, they suggest that a social
entrepreneur “neither anticipates or organizes to create substantial profit for his or her investors – or
for himself or herself”(Martin & Osberg, 2007). They propose that the sole value for a social
entrepreneur accrues from social transformation or benefit on a large-scale. Such a black or white
definition reinforces the popular paradigm that social values are morally good and the business
mindset is inherently focused on profit and while there are certainly examples that would support
such a notion, there is an emerging consensus that business, which also addresses social impact and
change, can generate significant, and even enhanced, profit (Marquis & Park, 2014).
2.2.1 The “buy-one, give-one” model of social enterprise
In 2006, Blake Mycoskie developed a model of social entrepreneurship that is referred to as
the “buy-one, give one” model. This approach is focused on providing social and commercial value.
Since then, other enterprises have adopted the “buy-one, give-one” model to success but the approach
has also been criticized. The principal appeal of the model plays into the social conscience of
millennials tempting them to buy a product for their own use while the company undertakes to
distribute a similar product to people in need. The classic example, set by Mycoskie, are TOMS
Shoes: a consumer in the western world buys a pair of shoes and through a non-profit agency, a pair
of shoes is purchased and distributed among low-income children in Argentina. Since its founding
more than two million shoes have been donated to children in need in over 70 countries around the
world (Marquis & Park, 2014). The principal objections to the model are that (1) it does not address
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the root problem of poverty in the community being served; (2) that there is limited space in a
competitive market for a number of “buy-one, give-one” businesses; (3) that there are concerns that
the model may not be sustainable in the long-term – there may be a limit to the number of operations
that can use this model and there will be consumer fatigue with the model over time; and (4) as more
companies enter this space there may be businesses that do not operationalize the social component
sufficiently well and create reputational issues for authentic and successful businesses.
Since the inception of the TOMS Shoes model, a number of other companies adopted
similar business strategies. A review of companies currently trading using the “buy-one, give-one”
model indicates that the approach has been most widely adopted in the consumer products industry,
especially apparel and accessories. For example: shoes; eyewear; jewelry; boots; lighting; and baby
blankets. However, the precise details of the business and donation models vary among these various
businesses and there is merit in analyzing these different approaches.
2.2.2 Analysis of different models of “buy-one, give-one” operations
Currently operating businesses using the “buy-one, give-one” model adopt different
approaches to pricing and cost structures, use different marketing strategies and have different types
and modes of donation. A list of companies currently using the “buy-one, give-one” model is shown
in Table 2.1. The presidents or their delegate of 16 companies were approached and asked a series of
structured questions to explore their particular business model and discuss their perceptions of its
strengths and weaknesses (see Appendix 4).
2.2.2.1 Different approaches to pricing and cost structure
For existing companies, the money for the “give-one” aspect of the business is typically
allocated from company profits and companies have addressed this cost in one of three ways: (1)
charging a premium price for the product; (2) finding ways to reduce costs including producing a
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reduced price article for the donation component; and (3) accepting a lower margin on the basis that
the social cause will provide a marketing advantage and that the company will consequently sell
more product. A list of currently operating companies and their different pricing models is provided
in Table 2.2. For example, Smile Squared sells its product at a premium price – bamboo toothbrushes
available through its website retail at $5.95 (USD) which is at least $1-1.50 more expensive than
competitor brands. In this case, the price differential provides the opportunity for the company to
cover the additional cost of the bamboo toothbrushes and to support the purchase of a slightly lower
than average quality toothbrush to be donated as part of the social impact of the company. Warby
Parker, a successful eyewear company in the U.S., supports its donations by reducing operational
costs. By selling their products on-line they reduce their overhead with no added costs of stores,
brand licensing and optical labs. The result is that glasses from Warby Parker retail at about $95
(USD) a pair which is at least $10-20 on average less than eyeglasses of a similar quality. The profits
again support Warby Parker in their partnership with a company that makes and distributes glasses in
the developing world. Examples of companies that are prepared to accept a lower profit margin
include Two Degrees Food and Soapbox Soaps. These businesses sell their products at similar prices
to competitors and hope to boost volume of sales through their marketing appeal.
2.2.2.2 Different approaches for donations
Companies operating with a “buy-one, give-one” model have adopted different strategies for
the donation component of the business. A list of these different approaches is show in Table 2.3.
Almost all of the companies use one of three strategies to distribute their donations: (1) develop a
network or operation for direct donation themselves; (2) establish partnership with one or more notfor-profit partners to distribute their product; or (3) donate matching funds to a partner organization
that either produces and/or distributes product in the developing world. Although the name of the
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business model suggests a one-for-one donation and even has the implication that the purchased
product and the donated product are identical, analysis of the donation approach shows that this is
seldom the case. For example, Smile Squared offer a toothbrush that is cheaper in the donation side
of the operation; Soapbox Soaps manufacture a soap product for donation which does not contain the
expensive oils and scents used in the developed market, actually reducing the cost of the donated
product by 50%; and perhaps the most extreme example is Out-of-Print an on-line t-shirt
manufacturer who donates cash to a not-for-profit Books for Africa which donates one book for every
article of clothing that is sold.
2.2.3 Operating principles of the “buy-one, give-one” model that underlie success
To determine the ideas that support or hinder successful examples of “buy-one, give-one”
approaches to business, CEOs of currently established and successful companies using this business
were asked a series of structured and open-ended questions about their business operations. The
purpose of the phone interviews were (1) to understand further the business model used and the
approach to donation employed; (2) to explore the reasons that they believed their particular
operations were successful; and (3) and to understand any reasons why they considered that their
approach was limited or to discover any particular approaches or initiatives taken during the start-up
and early establishment phase of the business. The companies were identified through an on-line
platform Roozt which collated links and facts about other “buy-one, give-one” model businesses. The
phone interviews lasted 30-45 minutes and were carried out June-July 2015. A copy of the survey
used in this research is provided in Appendix 4. A total of 26 companies were approached – from
these companies, 16 CEOs agreed to participate in the phone interviews. The remaining ten declined
for various reasons that included: not responding to efforts to contact them (n = 2); unwilling to be
interviewed (n = 4); not willing to share their opinions (n = 3); and not having sufficient time (n = 1).
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Asked to identify factors for success, the CEOs unanimously suggested the following three
aspects of the business: (1) the story used to convince the consumer to purchase a product; (2) the
approach to marketing and targeting marketing to ensure effective sales in the developed world; and
(3) the financial model adopted by the company.
The authenticity of the story involved in founding the company was a unique factor that led
to the development of the company. All the CEOs had a personal story or experience underlying their
passion for the business model, the product that they were selling and the social cause that they were
supporting. Examples include: Blake Mycoskie from TOMS Shoes who on a chance visit to
Argentina encountered children who were so poor that their families could not afford shoes; Eric
Cope from Smile Squared visited Guatemala and was asked to help out at dental clinics as he and his
wife waited to collect a child who they had adopted from the local community. They were profoundly
disturbed to find that families were sharing the same toothbrush (if they had a toothbrush at all).
Cope’s drive was not simply to donate toothbrushes but to create a business model that was selfsustaining.
Companies using a “buy-one, give-one” business model tend to be very active in social
media (see below marketing strategies) and all the CEOs spoke of the importance of using their
personal stories as part of the narrative in social media. They explained that they believed that these
genuine, and sometimes very personalized stories helped to engage potential customers. However,
this may not necessarily be the case. Sketchers USA Ltd. has recently launched a brand of shoes
known as BOBS (Benefitting Other by Buying Shoes). Although this approach has attracted negative
criticism as a blatant imitation of TOMS Shoes (Timberlake, 2012), the company reported triple-digit
growth in earnings in 2012 and donated more than two million shoes in only twelve months of
operation. The CEO of Sketchers USA Ltd. did not have a personal story to recount and simply
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reported that the decision to move to a “buy-one, give-one” business model was motivated entirely
by realization that the company could improve its finances and make a contribution to social good.
Other features about the story behind the business that the CEOs reported as important
included the simplicity of the message and the social appeal including the scale of impact and the
subject matter. For example: Jeff LeBlanc of Out of Print explained that it was sometimes difficult to
explain to potential customers that purchase of a piece of apparel was followed by a cash donation
from the company to buy a book for a child in Africa whereas Anna Sidana of One Million Lights
said that it was very easy for potential customers to understand that one rechargeable lamp bought in
the U.S. triggered the purchase of a similar lamp donated in the developing world. In general the
CEOs agreed that a simple message linked to a clear enunciation of the impact was the most effective
tool to enhance sales.
Design was the second most popular reason raised for success using the “buy-one, give-one”
business model. Elements of design included: choice of the right product and packaging; the right
market; and design of the marketing strategy. Most of the CEOs spoke of the importance of
marketing deliberately to millennials who, in their opinions had a more attuned social conscience,
and linked that strategy with deliberate and persistent use of social media. A number highlighted the
importance of the press in readily publishing good news stories about social impact as referred to the
concept as having an “inherent marketing advantage” by marketing the social cause as part of the
sales strategy. To appeal to the millennials, many considered that the product and the packaging
needed to have appeal directly to their social and environmental awareness. One of the CEO’s
captured these sentiments clearly …
“Every aspect of the design is important to a millennial. Does the product have
an inherent appeal? Is production sustainable? Is the packaging
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environmentally friendly? What is the impact of the product on the communities
at risk?”
In addition, some of the people interviewed spoke particularly of the choice of
demographics and target markets. For example, the CEO of Smile Squared was convinced that
targeting a demographic and above-average income parents of young children through focused social
marketing in affluent sectors of society reached an audience both willing and able to pay a higher
price for their product. In a similar way, the CEOs of Roma Boots and Nouri Bar focused on reaching
young businessmen and women in affluent neighbourhoods of major American cities.
The third principal reason for success was the financial model adopted. Factors included: (1)
the profit margin (some CEOs referred to challenges in finding the right balance between profit and
cost of goods sold and a number referred to the importance of having a profit margin on the
developed world product of at least 75% to sustain the business model); (2) retail price in the
developed world competitive market; whether or not to charge a small amount for the “donated”
product in the developing world; and (3) cost of goods sold in both the developed and developing
market; and the complexity of the operation. One of the companies reported challenges in expanding
their market: their initial concept had been a partnership with a specific not-for-profit organization
that operated in one African country. The business relied on the not-for-profit contracting with a local
cooperative to produce the “give-one” item locally and then relying on the same not-for-profit to
distribute the product. This worked very well on the small scale but when they tried to expand
operations into several countries in South-East Asia, they experienced challenges finding partners to
replicate the model and realized that culturally their approach was not necessarily effective in all
communities.
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Public accountability for the “buy-one, give-one” model was raised by several CEOs as an
important criterion for success. Several argued that a simply understood model was the best and these
companies tended to adhere to the literal interpretation of a “buy-one, give-one” model – literally one
purchased in the western world was matched with one donated in the developing world.
Finally, several CEOs stressed the importance of the partnerships established in the
developing world. Different strategies ranged from links with independent not-for-profits (for
example, Warby Parker who linked with a stand alone not-for-profit Vision Spring) to TOMS Shoes
who have a division of the parent company that is devoted to managing the philanthropic side of the
business. Some companies used country or region-specific partners e.g., Nouri Bar worked with
Stepping Stones International which has a regional focus in Africa, while some used internationally
recognized agencies such as Rotary International or Action Against Hunger. Some used different
partners in different regions: for example, Two Degrees Food uses a variety of agencies and not-forprofit partners including: Action Against Hunger; IMA World Health; Partners in Health; Relief
International; the World Food Programme; and others.
2.2.4 Challenges facing the success of the “buy-one, give-one” model
Most of the challenges expressed by the interviewees about the “buy-one, give-one”
business model that presented potential barriers to success were the obverse of the factors that they
perceived were the basis for success. The reasons listed included: poor design of the product and
packaging to appeal directly to the western and developing market; lack of a clear social cause and
story; complexity of the donation component of the business; lack of presence on social media and
poor communications strategies including continued self-promotion and continued brand
development; inappropriate or non-sustainable business plans including cost of goods sold, retail
price in the developed and developing world and profit margin; decisions on the quality and price
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point of the retail goods in the developed and to some extent in the developing world; choice of
business operations for the philanthropic side of the business (contract with local partner or partners
in the developing world or create a not-for-profit division of the parent company2); reliability of
partner organizations; and the challenge of choosing a partner or partners that were able to deal with
scale of production and scaling-up the business to other jurisdictions. However, the majority of the
interviewees identified one new potential barrier to sustained success: the term “social
entrepreneurship”. Most CEOs recognized that whilst there was a growing trend to view social
entrepreneurship as a positive development and that increasingly businesses are considering how to
become engaged in social action, there was also concern that the different interpretations and
descriptions of social entrepreneurship weakened the brand of the “buy-one, give-one” business
model. This concern was expressed by one CEO who said:
“The field of social entrepreneurship is growing rapidly and attracting interest
from the media, government and researchers but there is confusion about the
different models used and the different definitions banded about. The “buy-one,
give-one” business model is different and to be lumped with companies promoting
themselves through corporate social responsibility detracts from the uniqueness of
our business model. Part of our approach is to play deliberately into the target
market of people with a social conscience not just for the immediate purchase but
for longer-term commitment to projects we have started in the developing world.
Continued dilution of our approach weakens our brand”
Three other challenges were identified by several of the interviewees. The first problem was
confronting the scaling up of the donation part of the business. For example, Vision Spring found
2

Note: opinion was divided on this point – companies which used an in-house division to manage philanthropy i.e.,
Wildhearts, Roma Boots and TOMS Shoes spoke eloquently about the positive aspects of this approach – the other
organizations argued the opposite)
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challenges in exporting its donation model from Kenya to India and Baby Theresa which relies on
volunteers to distribute its donated product. They reported that it is challenging to find enough
volunteers in the developing world. The second problem is the challenge of competing for attention
with social media and the resistance over time of the media to provide free advertising by reporting
stories of successes. The third issue is the challenge of reputational damage if the donated product or
the process of donation is suspect in any way.
2.2.5 Long-term sustainability of “buy-one, give-one” social enterprises
Questions have been raised about the long-term sustainability of the “buy-one, give-one”
approach. Concerns focus on: (1) impact of the model; (2) overcrowding of a competitive space as
the number of companies enter the market place who might be trying to access the same target
market for the “buy-one, give-one” appeal; and (3) and reputational issues if some companies in the
market place are not able to account adequately for the “give-one” part of the business. The strongest
criticism emanates from the suggestion that philanthropic gifts to a developing community may not
be addressing the root cause of poverty (Taub, 2015). Banerjee and colleagues (Banerjee et al., 2015)
carried out an extensive meta-analysis of aid projects in six countries around the world. Working
with an international consortium during a three-year study, they showed in a number of clearly
defined categories that cash alone was just as effective at bringing about social change and a
reduction in poverty as programs that provided capacity development expertise and training in
addition to money to move people out of poverty. In particular, Banerjee et al. (2015) reported that if
the product was directly useful to the community in question, people would find the best way to
adapt and use the product/idea without external help. Perhaps the key lesson from this extensive
study is the cultural relevance of the solution to a particular problem i.e., if the local people can see
and understand the value in the intervention (whatever that intervention might be) they will find the
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way to use the intervention to the greatest advantage. This is not the same interpretation implied by
Taub (2015) from the same study who claims that money alone is a better vehicle to bring about
change and therefore the “buy-one, give-one” model may not be useful.
Contrary to her view (Taub, 2015), it is clear that TOMS Shoes and other companies are
tapping into a source of philanthropic support which is only available through the particular product
being marketed and sold i.e., unless a person in the developed world buys a pair of TOMS shoes
there will be no money available to support the purchase of shoes in the developing world. The same
argument pertains for all the companies seeking to tap into the social conscience of millennials in
their marketing strategies. Blake Mycoskie, argues that the sales model is not the entire component of
their program either. Unlike most “buy-one, give-one” companies TOMS Shoes operates both the
for-profit (developed world) side of the business alongside a separate arm of the company devoted to
the philanthropic arm. (See Table 2.1 for comparisons for the model used by other companies). The
philanthropic section of TOMS Shoes not only receives the resources from the for-profit side of the
business to purchase shoes for children in need in Argentina, it capitalizes on the contact with
purchasers in the developed world to tap into their social conscience further: the philanthropic part of
the company raises more through appeals and events in addition to the “buy-one, give-one” model.
This additional source of revenue has enabled them to develop programs to improve sight, provide
clean water supplies, implement programs to save lives (mother and child) at birth, and has recently
introduced anti-bullying campaigns in schools (especially in areas where there is a mix of ethnic
races in the schools). Mycoski (2011) is clear in his book ‘Start something that matters’ that creating
additional connections with people in the developed world who have the capacity and the willingness
to engage in critical social issues is part of the longer-term agenda to create a sustainable company.
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Despite early concerns about the future of the “buy-one, give-one” model that whilst early
entrants to the market (like TOMS Shoes) might be successful, the novelty of the model and their
story might not persist in a crowded market place as others enter the space. In general, this criticism
does not seem to have held (Marquis & Park, 2014). Since 2006, a number of companies have
adopted the “buy-one, give-one” business model and the number of start-ups in this area that have
failed in the past several years is relatively small. Moreover, larger companies like Sketchers US Inc.
have successfully added a “buy-one, give-one” aspect to their business enterprise to positive financial
(and social impact) affect (Timberlake, 2012).
2.2.6 Does “social entrepreneurship” include or confuse the “buy-one, give-one” model?
Despite the prevalence of the term “social entrepreneurship” it is a contested term (Dees,
1998). A number of scholars have attempted to define the term (Bornstein, 2007; Choi & Majundar,
2014; Dees, 1998; Leadbetter, 1997; Light, 2009; Martin & Osberg, 2007; Yunnus, 2011). There is
general agreement about the origin and the aspiration of the concept but in many cases the definitions
focus on the difference between entrepreneurship that is financially driven business and the social
value creation of the social entrepreneur. (Certo & Miller, 2008; Martin & Osberg, 2007; Peredo &
McLean, 2006; Tan et al., 2005). These authors tend to subscribe to the most common view that the
“classic description” of a social entrepreneur versus an entrepreneur is the division between a focus
on altruism versus financially-focused business, and social versus financial profit. This plays into the
common stereotype that business focused on financial return is evil and that focused on social good is
inherently morally better. It is only recently that the idea that there may be a mixed model where
financial and social impact is equally important has started to emerge (Marquis & Park, 2014;
Mycoskie, 2011, Yunnus, 2011). Some authors, like Light (2009) focus on the importance of broad,
all-encompassing definitions of social entrepreneurship while others argue that there is a need to
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define social entrepreneurism more succinctly (Austin et al., 2006; Mair & Marti, 2006; Martin &
Osberg, 2007; Weerawadena & Mort, 2006). At the same time, some authors try to define social
entrepreneurship by focusing on the qualities necessary to be a social entrepreneur (Leadbetter, 1997;
Martin & Osberg, 2007; Zahra et al., 2009) while others focus on the end-point (Seelos & Mair,
2005; Yunnus, 2011). Finally, there are even authors that advance the argument that there is no
difference between social entrepreneurship or entrepreneurship (Certo & Miller, 2008: Choi &
Majumdar, 2014). It is amusing to note that Certo and Miller (2008) follow up their dismissal of the
subject by suggesting “that it is a perfect topic for further research”!
The advent of the “buy-one, give-one” business model and the success of operations like
TOMS Shoes (TOMS, 2014) underscore the importance of reviewing the definition and use of the
term social entrepreneurship. Fundamentally, the “buy-one, give-one” model uses the concept of
entrepreneurship not simply to do social good but to have a lasting social impact and simultaneously
aims to provide sold financial return to investors. Under these circumstances, there is a case for
arguing that it would be more appropriate to refer to the business model as impact entrepreneurship.
This change in language re-frames the debate and clearly focuses the innovative and creative
business mind on outcome (impact) and not the inputs (the type of characteristics necessary to be an
entrepreneur or social entrepreneur). More importantly, it creates the opportunity to refer to both the
social and financial impact of the investment. Framed from this perspective, it would be possible to
talk about investment in this type of business as “impact investing” to define the work of for-profit
business like TOMS Shoes and Warby Parker and not-for-profit government agencies and
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partnerships like Grand Challenges™ (U.S. and Canada) and the intergovernmental initiative3 Saving
Lives at Birth as impact development models paving the way for social change.
2.2.7 Summary of the recommendations for scaling-up the Happy Fish
It is clear from the demographic assessment carried out in Kandal Province as part of this
thesis (See Chapter 5) that rural Cambodian families in general do not have the resources to purchase
an iron fish and Kandal Province is one of the more affluent provinces in Cambodia (Cambodian
Demographic Health Survey, 2012). Yet, these people, who are living in poverty have the poorest
diets and are most in need of the intervention. To scale-up the production and distribution of the fish
among the poor, it is necessary to devise a different business model that can reach the people in
greatest need. Evidence from work in a number of other commodities including health care products,
suggests that the “buy-one, give-one” business model might be an appropriate model to consider.
Based on the research into the factors that CEOs of currently operating companies perceive as being
important to consider in developing the right approach to the business model, the following features
appear to be important:
1. The design of the product so it is appealing to both the developing and developed market
2. Address concerns about the social and environmental impact of production that are
important to the social conscience of the millennials who are most likely to be targets for the
western sales
3. Consider the design and environmental impact of the packaging of the product
4. Consider the authenticity and appropriateness of the “story” about the product and its impact
on the community where it will be distributed

3

Partners in Saving Lives at Birth include: USAID; Norwegian Ministry of Foreign Affairs; Bill and Melinda Gates
Foundation; Grand Challenges Canada™; UKaid; Korea International Cooperation Agency (KOICA); and The World
Bank.
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5. Develop a business model with sufficient profit margin to support the for-profit and not-forprofit parts of the business
6. Consider whether to partition the company into two divisions: a for-profit and a not-forprofit component or to out-source the not-for-profit enterprise by forming a partnership or
partnerships with local enterprises capable of fulfilling the role
7. Develop an active social media and communications strategy to maximize interest among
the potential purchasers in the developed world
8. Identify key market segments in the developed and developing world
9. Determine the process and stages of scale-up to ensure that growth can be achieved in an
effective and timely manner including provision of adequate cash-flow and investment at
critical stages in the company’s development (and its partners if appropriate)
10. Ensure that there are sufficient partners through which to donate product on the assumption
that the sales of product in the western market will show exponential growth at some stage
in the process
2.3 Organizational behaviour, constructs and processes of business model disruption
Organizational theory suggests that despite the variety of business organizations and their
intents and purposes there is a natural progression of organizational structure and behaviour.
Diversity in approach, which is seen at the outset of a new organizational field of business,
progressively conforms to an institutionalized homogeneity until the diversity is almost completely
eliminated DiMaggio & Powell, 1983. This progressive shift has been documented in a number of
fields involving private and public institutions. For example: the development of the textbook
publishing business in the United States (Cosner et al., 1982); models of legal and medical education
and public school education (Rothman, 1980; Starr, 1980; Tyack & Katz, 1975); development of the
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radio industry (Barnouw, 1968); models of civil service reform (Zucker & Tolbert, 1981); municipal
reform and bureaucracy (Knoke, 1982; Marshall & Meyer, 1981); and even newspaper evolution
(Carroll & Delacroix, 1982). Such shifts from a diverse approach to a homogenous, or relatively
homogeneous form, has even been demonstrated for cultural organizations of late nineteenth century
(DiMaggio, 1981). Such uniformity of organizational development suggests that there are
constraining forces on institutions and organizations that compress diverse approaches into a series of
constrained and limited options. These forces may be competitive and/or inherent as organizations
struggle for legitimacy and survival. DiMaggio (1982) suggested that it is not possible to predict
structural organization of a new field at the outset and the models for success have to evolve
organically from empirical experimentation, which may explain start-up diversity. However, once
practices and organizational structure/behaviour is successful is established, then organizations
within an emerging field will be constrained by four principal forces: an increase in interactions with
other organizations in the field; the emergence of dominant forms of inter-organizational structures,
partnerships and collaborative efforts; the increasing burden of awareness and knowledge within the
developing field; and mutual awareness of other participants in the field – the onset of
competitiveness and competitive advantage (DiMaggio, 1982). In the end, organizational structure
and behaviour in a given field will be limited to one or two options and this homogeneity creates
constraints on further meaningful change (DiMaggio & Powell, 1983). Despite efforts to make
continuous improvement, to change direction and practice, established institutions with entrenched
organizational structure and behaviour will make rational decisions that only reinforce the
homogeneous structure and behaviour in comparison with other players in the established field
(Meyer & Rowan, 1977; Schelling, 1978). In fact, Freeman (1982) goes further and advances the
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argument that older and more established institutions finally reach a point where they dominate
environments rather than adjust to them.
These organizational traits certainly pertain to the emergence of social enterprise. Frustrated
with the myopic focus of traditional business solely on financial return, companies entering the new
field of social enterprise behaved in ways that organizational theory might predict. The emergence of
a new concept of business with a dual focus on economic and social return precisely follows the new
practice strategies explored by Selnick (1957). Early adopters of a change paradigm are driven by a
desire to improve performance and innovate in a different way from the “accepted” or “traditional”
way of doing business (Meyer & Rowan, 1977; Selnick, 1957) – in this case the effort to mold
economic and social impact into a seamless business model. The organizational models for social
enterprise have been diverse as predicted (DiMaggio & Powell, 1983) and illustrate efforts to create
successful, sustainable business models through trial and error [empirical investigation] (DiMaggio,
1982). The differences in the organizational structure and behaviours of the sixteen social enterprises
included in the investigation and analysis of the current chapter witness the diversity of approach
over several fields including the apparel industry, consumables, service industry, household items
and health care. But there is already evidence of developing conformity – a number of companies that
included different organizational models, documented by Marquis and Park, (2014) have already
gone out of business and there is clearly an emerging consensus on the “new” business model
emerging from the consistency of the comments from the CEOs interviewed reported in the current
chapter. Whilst Lucky Iron Fish Inc. entered the market with a slightly different organizational model
compared with the other innovators in the field of social enterprise (see Chapters 8 & 10), fiscal and
competitive pressures have already begun to whittle down the options and create a greater conformity
of organizational structure and behaviour among and between social enterprise companies.
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Table 2.1: Companies using the “buy-one, give-one” business model4,5
Company

Year

Apparel

TOMS Shoes

2006

B. Mycoskie

Internal foundation

Donate pair of shoes for each
purchase

Apparel

Out of Print

2009

J. LeBlanc T.
Lawton

Books for Africa

One book for each purchase –
pay fee to partner for action

Apparel

Roma Boots

2010

S. Bistrian

Internal foundation

Donate pair boots for each
purchase plus 10% profits

Apparel

The Naked
Hippie

2009

A. Edwards

Multiple microfinance
operations

100% profit invested in
microfinance loans

Apparel

KNO Clothing

2010

A. Thomas S.
Caldwell

Bethesda Mission,
100,000 Homes
Campaign

Donate 50% profits including
one article of clothing

Apparel

Baby Theresa

2009

K. Dunphey S.
Appleyard

Individual donors, Rotary
International

Donate one baby outfit for each
purchase

Apparel

Everything
Happy

2010

E. Holdridge

Multiple small charities

Donate “a product” for each
purchase

Consumables

Two Degrees
Food

2011

W. Hauser L.
Walters

Multiple charities and
international agencies

Donate money for every snack
bar sold

Consumables

Nouri Bar

2011

V.Chagweder J.
Crooks

Stepping Stones
International

Donate a school meal for every
bar purchased

Consumables

Soapbox Soaps

2010

D. Simnick E.
Vong

Multiple partners to assist
aid

Donate bar of soap for each
purchase

Consumables

Wildehearts

2008

M. Jackson

Internal foundation

Microfinance of small
operations in 34 countries

Health

Warby Parker

2009

N.Blumenthal A.
Hunt, J. Raider,
D. Gilboa

Vision Spring

Donate funds to purchase
eyewear in the developing
world

Health

Smile Squared

2011

E. Cope

Multiple small and
international agencies

Donate toothbrush for every
purchase

Household items

One Million
Lights

2008

A. Sidana

Multiple international
agencies

Donate funds as percentage of
profits to buy rechargeable
lights

Household items

Ark Collective

2009

K. Moshayedi

Multiple small agencies

Donate backpack for each
purchase

Services

Common Bond

2011

D. Klein, M.
Taormina, J.
Shean

African School for
Excellence, KIPP Chapter
Schools

For every degree fully funded,
support education one student
in developing world and
support financial literacy
through KIPP

Type of
industry6

Founder(s) /
CEOs

Types of partners

Donation philosophy

4

Companies identified through the on-line platform Rootz (June 2015).
All the companies are private for profit companies
6 Type of industry are coloured coded
5
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Table 2.2: Comparison of the different pricing options used by companies with the “buy-one,
give-one” model

Approach

Lower margins

Lower costs

Premium price

Description

Lower profit margins
compared with competitors
or comparable products

Lower overall costs
(reduced price with similar
or slightly less profit
margin)

Premium price compared
with competitors or with
comparable products

Example

COGS

COGS

(Developed world)

(Developing world)

75%

NA

73-77%

78-80%

Two Degrees Food

75%

NA

Warby Parker

86%

82%

Common Bond

NA

NA

TOMS Shoes

85-87%

85%

Wildhearts

87-90%

NA

Smile Squared

85-87%

75%

Baby Theresa

85-88%

77-80%

Everything Happy

82-85%

72-75%

Out of Print
Soapbox Soaps

NA = Not applicable – usually because the donated portion is cash or some portion of cash profits
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Table 2.3: Comparison of the different donation options used by companies with the “buy-one,
give-one” model
Approach

True One-for-One

Percentage of sales
including cash
donations

Combination of the
two models

7

Description

Donate same or
similar product in
the developing
world for each
purchase

Donates percentage
of profits or sales
for each purchase

Mix of product and
profit donated in
the developing
world

Example

Purchase item

Donated item

(Developed world)

(Developing world)

TOMS Shoes

Specifically designed
shoes (branded)

Shoes: lesser quality
(cheaper to prodice)

Warby Parker

Designer eyewear
(branded)

Cash to buy cheaper
glasses in developing
world

Two Degrees
Food

Nutritious snack bar
(marketed as healthy)

Meal for a child for every
bar sold

Smile Squared

Designer bamboo
toothbrush (branded)

Cheaper toothbrush

Soapbox soaps

High cost soap bars

Similar bars but no
expensive oils and scents

Wildhearts

Office Supplies

Microfinance loans

Naked Hippie

Apparel

Microfinance loans

Out-of-Print

Apparel

Cash to purchase books
from publishers in Africa

1for1 Water7

Bottled water

Clean water for Haiti

Roma Boots

High quality boots
(branded)

KNO Clothing

Apparel (branded)

Common Bond

Loans for college
education in the U.S .

Lower quality locally
made boots plus 10% of
profits funneled to
Foundation
50% of profit including an
article of clothing (low
price)
For each degree funded –
fund one student in the
developed world and
contribute to literacy
programs

1for1 Water is no longer operational – started in 2010 post the earthquake in Haiti – it has went out of business in 2014.
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CHAPTER 3: Demographics of households in Kandal Province, Cambodia and
analysis of iron available in the diet
3.1 Introduction
Situated on the Indo-China peninsula in South-East Asia, the Kingdom of Cambodia lies
between Vietnam, Thailand and Laos with the Gulf of Thailand to the west. It is a relatively
impoverished country emerging from the devastating genocide of the Khmer Rouge in the 1970s in
which up to a third of the population was brutally tortured and exterminated. After an extended
period of turbulent political and economic times, Cambodia remains a fledgling and fragile
democracy and is struggling to recover economically. Currently, it ranks 136th on the Human
Development Index (Human Development Report, 2013) with a population of approximately 15
million people spread across 180,000 square kilometers (about the same size as the state of
Oklahoma in the United States). The Kingdom is divided into 25 provinces that differ in size,
population, economic stability and geography. Although much of the country is low lying in the
delta of the Mekong River (less than 20 metres above sea level), there are two mountainous regions
to the southwest, the Kravanh and Damrei mountains. Heavy rains in the monsoon season (May –
October) mean that much of the country routinely floods which affects agricultural production,
transport and the availability of food. Although almost one quarter of the available land is arable
(primarily in the plains and delta of the Mekong River) less than 1% of the land is permanently
cropped. Cambodia does have significant natural resources but they are largely untapped. There are
large reserves of oil and gas in the Gulf of Thailand, and precious gemstones, iron, manganese and
phosphates in the Kravanh and Damrei mountains but these mountainous regions are in the disputed
border areas with Thailand and are currently being illegally strip mined. Despite the deposits of iron
ore in mountains, the plains and Mekong Delta have very low levels of iron in the soil (World Fact
Book, 2014).
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Much of the work of the current thesis is focused on Kandal province: a province that
surrounds the capital of the country, Phnom Penh. Kandal literally means “central” in Khmer and
reflects not simply its geographic centrality but also its centrality to the economic health of the
country. Kandal has a population of just over million people (Cambodian Demographic Health
Survey, 2014) and is divided into eleven administrative divisions (see Table 3.1). These
administrative regions are further divided into almost 150 communes and a thousand villages. Kandal
is the economic driver of Phnom Penh with three major industries: farming, fishing and the garment
industry but there is also a significant cottage industry in crafts.
Despite considerable economic growth over the last decade (averaging almost 6% per year
increase in GDP – World Economic Forum, 2012), the country is faced with significant problems.
According to the United Nations, approximately one fifth of the country lives below the poverty line,
two thirds of the population use improved water sources but virtually all of the municipal water is not
potable and two thirds of the country has no access to improved sanitation (World FactBook, 2014).
The lack of access to fresh, clean water and the challenge with sanitation mean that the prevalence of
waterborne diseases is high including: bacterial diarrhoea, hepatitis A and typhoid. In addition, the
presence of water from the Mekong River and its tributaries and rice fields support a very strong
mosquito population so Dengue fever, Japanese Encephalitis and malaria provide significant health
challenges.
In addition to hunger, driven primarily by poverty, there have been reports of significant
malnutrition in the country. In 2008, for example, data in from the Cambodian Demographic and
Health Survey (2008) suggested that 44% of the total population were anemic (caused, at least in part,
by iron deficiency); 55% of children were anemic (likely 75% iron deficient); and 43% of women of
reproductive age and 50% of pregnant women were anemic. The country set targets to reduce iron
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deficiency through a National Nutrition Strategy. Initially, despite programs supported by the
government and international agencies, there appeared to be little impact on levels of iron deficiency.
Then, in 2014, the Cambodian Demographic Health Survey reported that only 3% of people in the
country were likely to be suffering from iron deficiency anemia and that there was a greater
proportion of people suffering from hemoglobinopathies: a view also supported by Karakochuk et al.
(2015c). There is also contradictory evidence on the bioavailability of iron in the diet and in water
supplies: for example, Wallace et al. (2014) reported that typical diets of villagers in Kandal were
likely low in iron whereas Karakochuk et al. (2015a) provided data to show that high concentrations
of iron in drinking water might explain high iron stores found in women in Prey Veng (another
region in Cambodia). The work reported in the current chapter addresses these two issues: (1)
demographic and economic data on households in Kandal province (the original site for the clinical
study that is reported in Chapter 4); and (2) an assessment of the micronutrient intake of a typical diet
eaten by a villager living in rural Cambodia.
3.2 Methodology
Two different approaches were taken to address the two principal objectives of this section
of the research: (1) a detailed demographic survey was carried out in three districts in Kandal
province to provide detailed data on households and livelihoods in the region; and (2) an assessment
of the average micronutrient content of a typical diet eaten by people in Cambodia. In the latter case,
the study took place in three different regions Kampong Chhnang, Kandal and Kampot. The regions
were selected to represent the three main geographical areas in Cambodia – the plain region, the river
communities (rivers on the Tonle Sap River) and the coastal region respectively.
3.2.1 Data collection for the demographic survey
The study took place in March-May 2013 at the end of the dry season in three districts in
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Kandal Province: Leva Aem, Kien Svay, and Pnhea Lueu. These villages were chosen because they
are reasonably accessible from Phnom Penh, the people are used to taking part in surveys
implemented by a variety of NGOs working in the region, and this was the target region for the
clinical study.
The study population consisted of 267 women in five districts aged 18-56 of whom 93%
were currently married and managing a household. The households were selected by approaching
every third house in the villages, explaining the project and recruiting women to participate in the
survey. They were asked a series of questions about their lives and livelihoods (see Appendix 6).
The primary author collected data and three research assistants were specifically hired and
trained for the purpose of administering the survey. The research assistants were native Khmer
speakers and the interviews were conducted in Khmer. Verbal consent was obtained from all
participants in accordance with procedures approved by the Research Ethics Board at the University
of Guelph, Canada. In addition, the survey instrument was reviewed and approved by the Research
Ethics Board.
3.2.2 Data collection for the assessment of micronutrient intake
The WHO STEPS random sampling tool was used to identify communes and villages in the
three regions: Kampong Chhnang, Kandal and Kampot. Within each commune/village, participants
were selected to be part of the study by taking the third name on a list of eligible members that was
provided by the village chief. The sample population included 90 participants with a total of 45 men
and 45 women equally recruited from the three regions. Face-to-face interviews were conducted to
collect information on dietary habits and information on physical activity (see Appendix 7). The
interviews were conducted in Khmer by the trained enumerators and the responses were recorded on
paper. Data was transcribed in duplicate to electronic files. In addition, meal duplicates were
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collected from each participant in a plastic container stored in a cooler with ice. Participants were
asked to collect an identical serving of all meals that were consumed over a 24-hour period. In
addition, the participants were asked to record the number of cups of tea, cans of Coke and bottles of
beer consumed in that 24-hour period. The samples were collected at the end of the 24-hour period,
along with the record of drinks in the same time period, and transported to Phnom Penh. The food
samples there were weighed, homogenized, frozen at -30oC, and an 100g aliquot shipped to
Laboratory Services Division, University of Guelph for analysis. Each food sample was analyzed for
the concentration of calcium, iron, magnesium, phosphorus, potassium, sodium, sulphur using a
macronutrients elements panel. The records of the beverages consumed were retained and the
average number of cups of tea, cans of Coke and bottles of beer recorded. The drink intake records
for men and women were kept separately. A sample of traditional tea, Coke and beer were also sent
to Laboratory Services Division, University of Guelph for mineral content analysis.
3.2.3 Analyses of data
Descriptive statistics were examined for demographic information, consumption habits,
physical activity and the amount of micronutrients in the samples of food and water. An asset-based
was used to assign a weighted score to each participant using the method described by Morris et al.
(2001). The weighted score for each asset was summed for each household to provide an overall
household asset score. Statistical differences between the amounts of different minerals and
electrolytes present meals during the 24-hour period among the regional groups tested were
determined using a Students’ ‘t’ test with significance set at p<0.05.
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3.3 Results
3.3.1 Demographic data
3.3.1.1 Household data
The data from the survey on household information is shown in Table 3.2. The average age
of the women responding to the survey was 33.0 years (mode 30: range 18-56 years). Almost all were
married (93%) and were rearing children (95%). There was an average of 4.8 people in each
household (mode 4.5: range 3-8) with 3.15 children in each household (mode 3: range 0-6) and on
average one child below the age of five (mode 1: range 0-6). Only 86% of the women and men had
attended any form of education (4.5 years mode: 0-6 years range) and most of the women who had
attended school had been able to complete primary education. In general, the women reported that
their spouses had remained in school for fewer years (3.5 year mode: 0-6 years range). There was a
difference in the levels of employment between the women and their husbands in the household.
There were more women who reported that they were unemployed compared with their husbands and
a larger number of women reported that they were engaged in agriculture (34% women compared
with only 5% men). The principal field of employment for women was agriculture (~34% for
women compared with only 5% for men), whereas more men was employed fishing compared with
women (30% versus 6% respectively).
The average household income was reported to be approximately 125,000 riel (~$31USD)
per month (mode 120,000 riel: range 10,000-460,000). This means that almost 18% of the
households that participated in the survey (villagers in Kandal Province) were living below the
poverty line defined by the United Nations as $1.25 per day ($37.50 per month).
3.3.1.2 Access to clean water in the households
The results from the survey on access to water for households is shown in Table 3.3.The
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principal source of drinking water and water for other purposes were predominantly river/canal water
(~25%), hand pumped water (~30%), tapped water (20-25%) and rain water (~13%). There was little
difference between the sources of water either between the wet or dry season or whether the water
was for drinking or other purposes (washing/cleaning etc).
Almost all households sterilized their water before drinking (95%). The principal means of
sterilizing the water was boiling (~81%) with about 12% of people using water filters that were either
ceramic or clay filters. Approximately 85% of women reported that they sterilized their water daily:
the remaining 15% indicating that they sterilized their drinking water once to six times a week and
stored the sterilized water.
Almost two thirds of the households reported storing water. There did not appear to be any
difference between the number of households storing water in the wet or dry season. The main
storage vessels included: large water containers usually under the house (60%), buckets (12%), ice or
hot water boxes (12%) and kettles (7%).
3.3.1.3 Sources and variety of foods consumed
The types of food available and consumed, as well as the sources of that food were assessed
using the survey instrument and the results are shown in Table 3.4. Almost half the women reported
that their household consumed meat at least once a week with almost two thirds reporting that the
family consumed meat four days or more per week. Meat was described by the women as: chicken;
pork; beef; goat; and, fish but also included blood and insects. About half the women indicated that
the “meat” was purchased from a local travelling vendor, about 30% from local markets and the
remainder produced on their smallholdings or under the house. In general, the women reported using
citrus in their cooking – predominantly using lemon, limes or pomelo as their source of acidification
which is a very popular component of Cambodian diets.
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Although almost all the women reported eating vegetables and identifying that these
vegetables were rich in iron, only half the women reported that the household ate vegetables more
than four times a week and a number (12%) reported eating vegetables only once a week. About two
thirds of the women reported that they ate differently during pregnancy: half (48%) suggesting that
they ate more vegetables (predominantly morning glory – an iron rich brassica that grows wild on the
banks of canals and rivers); a tenth (12%) simply increased the number of meals that they ate a day
(in general described as an additional helping of rice); less than 10% indicated that they ate more
meat (some women reported that it was not advisable to eat meat during pregnancy and
menstruation); and almost a third indicating that they took iron pills provided by the doctor at the
local health clinic.
The majority of households used aluminum cooking pots (~ two thirds) with the remainder
recording that thed user iron, steel or tin. However, close to a sixth of the women (16%) were not
sure whether their cooking pots were aluminum, tin, iron or steel. They indicated that cookware was
either purchased from one of the local markets or a travelling vendor and just over half reported that
they probably purchased pots once a year. Forty-three percent indicated that they did not purchase
that frequently and a number (19%) told the enumerators that their cooking pots were passed down
from mother to daughter. The average price of a cooking pot was ~40,000 riel or $10.00 which was a
quarter of the average monthly income of the household.
3.3.1.4 Marketing information for households
To understand how best to approach households for promoting and marketing the Lucky Iron
Fish™, questions were included in the survey about the sources of advertising that might be available
and which media the villagers might routinely use or pay attention to. The results of this part of the
survey are shown in Table 3.5.
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In general, all the households (97%) possessed a television and the majority of women
indicated that the family watched regularly (87%). Despite the observation that the majority of homes
do not have electricity, the televisions and any other electrical appliances in the house are generally
run on battery power in the rural villages (GR Armstrong, personal observation). In the explanatory
comments provided by the women, they indicated that the men and children watched more television
than the women. The explanation for their observation was that there “was not enough [for them]
time to watch television”. However, they did indicate that they were listening because they could
often sing the theme songs or jingles from advertisements on the television (GR Armstrong, personal
observation). The villagers seemed to watch a variety of publicly available channels with no
particular preference for a specific channel but the women did observe that in general the household
preferred animated cartoons and tended to watch programs intended predominantly for children.
Almost three-quarters of the women remembered seeing advertisements for food and food products
and many could sing jingles from the advertisements. In contrast, very few could remember seeing
advertisements for cookware (11% remembered cookware advertisements) and even fewer (7%)
remembered seeing advertisements for various aspects of public health.
Only about half the households possessed a radio with only a third of the women reporting
that they listened regularly to the radio. Again, there was no particular channel that seemed more
popular than another. The women who listened to the radio primarily play music programs: only a
quarter could remember hearing advertisements for food and virtually none could recall listening the
advertisements for cookware or public health issues.
Finally, virtually no one confirmed that they either received print material or read print
advertising. In free-comments about this question, the majority confirmed that they either did not
read or found it difficult. They liked the idea of seeing pictures that explained issues but did not think
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that any printed word material would attract attention.
3.3.1.5 Knowledge about iron deficiency and iron deficiency anemia
Detailed responses to the questions about iron deficiency are shown in Table 3.6. About
three-quarters or the women were aware of iron deficiency and iron deficiency anemia although in
questioning about the extent of their knowledge, many simply reported that it made them and their
children “sick or tired”. About one third of the women indicated that a member of the household
took iron pills but only 7% reported that a member of the household was iron deficient and 17% were
anemic. Of the individuals taking the pills almost 90% were women.
The principal source of information about iron deficiency seemed to come from health
centers and village support groups, although women who had heard about anemia also indicated that
referral hospitals and doctors told them about the condition.
Very few of the women purchased iron pills (less than 10%) and most did not expect to pay
for pills. They also seemed unaware of foods that might be fortified with iron: three-quarters did not
know whether any of the foods had “added iron”. Most believed that eating morning glory was
important (but as can be seen from the previous section, the number of times that they ate morning
glory per week was relatively low).
3.3.1.6 Knowledge about the Lucky Iron Fish™
Information in response to the questions about the Lucky Iron Fish™ is shown in Table 3.7.
Approximately half (46%) of the households had heard of the Lucky Iron Fish™: hearing either
directly from Christopher Charles (known as Dr. Fish in the communes), from NGOs (predominantly
Resource Development International), from health centres or from local doctors or word of mouth.
All the women indicated that the Kantrop fish, the species of fish on which the Lucky Iron Fish™ is
modeled, was popular and brought good luck to the household. When shown the Lucky Iron Fish™
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they used words like “good” and “happy” to describe their feelings. They would often sit and turn the
fish over and over in their hands while completing the rest of the questionnaire. Hardly any of the
women handed the fish back or put it on the ground.
Just less than a third of the households surveyed owned a fish and the majority were still
using the fish (67%) and using the fish every day in cooking. In exploring the reasons for using the
fish, roughly half (47%) indicated that the fish “made their family healthier” with just less than a
third reporting that “it brings the family luck”; and less than a third used the fish because they were
“told to”. The women who were not using the fish predominantly reported either that they were lazy
(45%) while twenty-eight percent suggested that it affected the taste of either the food or the water.
Of the women who possessed a fish, slightly over three-quarters indicated that they would strongly
recommend other women to use the fish regularly because it made their families healthier.
3.3.2 Physical activity survey
The data from the survey on physical activity is shown in Figure 3.1a & Figure 3.1b. Among the
86 respondents, 52.2% identified themselves as male and 48.8% as female. The average age of the
women responding to the survey was 35.0 years (mode 33: range 18-58 years) and the average age of
the men was 34.25 years (mode 33: range 18-60 years). Across all the communities, approximately
66% of the participants (men and women) reported that they had high levels of activity with ~23%
with moderate levels of activity (Figure 3.1a). There was little difference in the amount of work done
by people in the three communities although people living in agricultural communities working the
land (plains and coastal villagers) indicated that they completed more heavy activity (just slight more
than 70% of the population) whereas the villagers from the river communities (where most fished for
a living) tended to record lower levels of heavy activity (~65% of the people). Among the men, only
19% reported feeling faint on a regular basis but 62% of the women reported feeling faint on a
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regular basis (defined for the purpose of the study as “feeling faint or dizzy at least once a day”).
These data are not shown.
3.3.3 Micronutrient content of meals
The size of the meals over the 24-hour sampling period averaged 1109 + 105 g (mean + SD): on
average, men consumed more food 1,264 + 101 g (mean + SD) compared with women 1005 + 103 g
per day. Data for the micronutrient concentration of meals is shown in µg/g food in Table 3.8. Three
sets of data are provided with the mean + SD, the mode and the range. The average meal size over
the 24-hour period was used to calculate the approximate micronutrient intake per person and is
shown in Table 5.9a for men and Table 5.9b for women. As the range in meal content for the
minerals and electrolytes varied considerably the modal value was used to calculate the estimated
daily intake. For direct comparison, the National Institute for Health Recommended Dietary Intake of
micronutrients and electrolytes (2001) is provided in Tables 3.9a & b to illustrate the deficiencies and
excess levels found in the study. There were no detectable differences in the micronutrient and
electrolyte content of the meals between the three regions being studied.
On average women consumed 4 cups of tea, one can of Coke and one bottle of beer a day while
then men consumed 2 cups of tea, one can of Coke and two bottles of beer. The average mineral and
electrolyte content of these beverages is shown in Table 5.10 (5.10a for men and 5.10b for women).
Compared with the total intake from food (see Table 5.9) the mineral and electrolyte content of the
beverages did not really affect the daily intake.
Compared with the recommended daily intake (RDI), women were deficient in all the
micronutrients tested suggesting that either their diet lacked sufficient mineral content or that the
women were not eating enough food to meet their RDIs. However, in contrast the levels of chloride
and sodium but not potassium were substantially above the RDI. (Potassium levels were either 12%
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of the RDI for men or 16% of the RDI for women). The situation was different in men: calcium, iron
and potassium levels were below the RDIs, zine met the RDI and magnesium, phosphorus, chloride
and sodium were above the RDI.
3.4 Discussion
3.4.1 Demographic data
The data collected in the demographic survey supported information previously published
about the size, economic health and eating habits of villagers in Kandal Province (Charles, 2012b;
Cambodian Demographic Health Survey, 2005; 2008: Wallace et al., 2014). The study also a
confirmed a number of personal observations recorded by Charles (2012) and Wallace et al. (2014)
about the eating habits and diets of Cambodian villagers in Kandal Province. In addition, the survey
provided critical information to help develop a marketing and advertising strategy for the Lucky Iron
Fish™.
There are approximately 1.2 million people in Kandal Province spread across eleven
administrative districts in 150 communes and almost a thousand villagers. The current survey
sampled only 256 households in five districts but there did not appear to be any trends in the data that
might indicate that the responses were not representative across the Province, with one exception: the
television channels that people reported watching did differ between the villages. The women in all
the surveys reported that in general the family watched a variety of channels on television but some
stations were more popular in some villages than others. This may be related to political allegiance or
to peer pressure but the women tended to indicate that no matter which station was watched,
predominantly the families watched children’s programs or game shows.
Among the critical pieces of information gleaned from the survey was the fact that
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household income was relatively low. Approximately 18% of the households were attempting to exist
on less than $1.25 US per day (which is below the abject poverty line defined by the UN). This is
similar to the statistic provided by the Cambodian Demographic Health Survey (2014) where 20% of
the population was identified as living at this level of poverty although Kandal was identified as one
of the more prosperous provinces in the country. Moreover, data from the World Bank (World
Economic Forum, 2012) suggested that the annual improvement in GDP for each of last ten years in
Cambodia was 6%, the relative income reported by the households is lower than might be expected
and raises significant doubts about whether or not the families could actually afford to buy a Lucky
Iron Fish™.
Data gathered from the dietary habits of the women and the way that they prepare and
sterilize water suggest that they are well aware of the importance of preparing clean and safe drinking
water. Moreover, the principal method they report for purifying water - daily boiling of water –
coupled with almost 100% of the families regularly using citrus in food preparation, make it likely
that the women could use the Lucky Iron Fish™ effectively if it was possible to persuade them to
have a fish.
The survey did highlight the need for more effective education about nutrition and diet. This
is in keeping with the reports from Charles (2012a) and Wallace et al. (2014). The women appear to
understand that meat is an important part of the diet and attempt to include meat regularly in their
diets. Although many may not be able to afford red meat, they are still adding protein to their diets in
the form of fish or insects. They do not appear to understand the importance of green leafy vegetables
and rely predominantly on morning glory. This is ubiquitously available (often growing wild on the
banks of canals and rivers) but, like a number of brassicae, morning glory whilst rich in iron content
tends to bind iron in the diet and therefore can be counter-productive in an iron-low diet. In addition,
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the women reported relatively infrequent consumption of vegetables in their meals – most women
indicating that they cooked vegetables less than four times a week. Finally, the results of the survey
again highlighted educational challenges about appropriate diet in pregnancy. This has been reported
anecdotally before (Charles, 2012b) but in the current survey, women did not prioritize eating more
red meat or diversifying their diet during pregnancy, rather they tended to increase the amount of rice
eaten in pregnancy and some even commented that eating red meat should be avoided in pregnancy
and during menstruation. The results of the survey emphasize the need for on-going education about
diet and nutrition in the villages especially for pregnant women.
Information gathered about possible approaches to marketing and advertising the product
was helpful to the commercialization of Lucky Iron Fish™. Although the level of literacy is known to
be low in the rural villages, the lack of willingness to engage in written material was surprising. In
contrast, the information about use of television or at least pictorial information was important. A
serendipitous finding was the importance of jingles or theme songs. It is clear that the women listen
to and remember jingles. They quickly recognized and could sing advertisement songs for food
products and observed that they could sing the songs despite not watching the television programs
but working in the kitchen. In contrast, radio does not appear to be a useful medium to consider
advertising and promoting the Lucky Iron Fish™.
Many of the women were aware of iron deficiency and iron deficiency anemia. They knew
that it made them and their children weak and sick but they did not have a very deep understanding of
the condition and its impacts on cognitive development or work capacity. Their principal source of
information came from the health centre’s and doctors and to some extent from village support
groups, which again was helpful information for the design of the marketing strategy for the Lucky
Iron Fish™. Although a number of women had been given iron pills in pregnancy not many reported
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using them consistently and were unaware of the importance of either regularly taking the pills or
trying to use products fortified with iron (most did not understand the idea of adding iron to foods).
3.4.2 Physical activity of participants in study of three regions of rural Cambodia
Sixty-seven percent of the participants in the study recorded that they had high levels of
physical activity and a further 23% had moderate physical activity. There was an overall difference
between the activity levels of men and women but this presumably represents the time spent tilling
the land or catching fish for the men compared with household chores and lighter farming tasks for
the women but the overall large proportion of time in moderate and heavy physical activity clearly
shows how physically demanding life is for many Cambodians. In contrast, the WHO suggests that
people in the developed world spend a total of 50% or less in heavy or moderate physical activity and
there are a number of studies linking the level of physical activity and hypertension (Collier et al.,
2008; Whelton et al., 2001; 2002) coupled with the high sodium and low iron in the diet this may be
a concern.
3.4.3 Micronutrient content of meals in three regions of rural Cambodia
Data on the micronutrient content of the diet of the villagers in three different rural regions
in Cambodia (assessed by 24-hour samples) demonstrated that there were low levels of iron in the
diet compared with the recommended daily intake proposed by a number of sources including the
National Institute for Health (2014). Based on an estimate of the weight of food and prepared drinks
consumed in the 24-hour collection period, women consumed an average of 1.9 mg of iron and men
consumed an average of 2.4 mg. In fact, as only half the samples tested had iron levels above the
level of sensitivity of the assay, at least half the people consumed levels of 1.8 mg iron per day or
less. These levels are considerably below the recommended daily intake for iron for men and women.
I did not ask the participants to identify the weight of good portions for children in the family but it is
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likely that most of children were eating less than their parents so they too are likely to be consuming
far less iron that would be considered adequate. No account was made of the amount of water
consumed and there is some evidence that at least some water supplies high a relatively high iron
content in Cambodia (Karakochuk, 2015b). As most of the food consumed by the families in the
current study were soups which were prepared with water from their usual water source, it seems
unlikely that there were high levels of iron in these sources either. The amount of iron required on a
daily basis varies with age and reproductive stage and is shown in the table8 below:
Age

Male

Female

Pregnancy

Lactation

0-6 months

0.27 mg*

0.27 mg*

7-12 months

11 mg

11 mg

1-3 years

7 mg

7 mg

4-8 years

10 mg

10 mg

9-13 years

8 mg

8 mg

14-18 years

11 mg

15 mg

27 mg

10 mg

19-50 years

8 mg

18 mg

27 mg

9 mg

51+ years

8 mg

8 mg

Of particular concern is the disparity between the iron available through the diet and the iron
required by pregnant women. Although the Government of Cambodia as part of the National
Nutrition Strategy provides 90 days of iron pills to pregnant women, both personal observations (G.R.
Armstrong, 2013) and the detailed study by Lacerte et al., (2012) suggest that compliance rate in
taking the iron supplements may be as low as 32% putting both the mother and her unborn child at
risk. In addition, a significant proportion of women have concomitant conditions that affect their iron
status including hemoglobinopathies, malaria, HIV and TB infections and infestations with hook and

8

National Institute for Health (2014). Required dietary intake of iron. Available at: https://ods.od.nih.gov/factsheets/IronHealthProfessional/#h2 accessed August 12, 2015.
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whip worm (Cambodian Demographic Health Survey, 2014).
Mineral and electrolyte balance and therefore their intake are important and the relationships
between them are complex. The data collected on micronutrient content of meals and prepared drinks
over a twenty-four hour period, reported in this Chapter, highlight discrepancies between the
recommended daily intake of other minerals and electrolytes and the actual content of the food eaten
over the day (Tables 3.9a & b), in addition to the low iron intake refereed to above. The current study
was not a comprehensive study of micronutrients and electrolytes, but a study of a few important
elements, nevertheless it is relevant to review the differences observed. There were the low levels of
calcium and potassium intake for both men and women and the low levels of magnesium, phosphorus
and zinc for women. This suggests that the total weight of food consumed in the 24-hour period was
insufficient for bodily needs, which is indeed likely as the households included in the study come
from the lowest socio-economic status in the rural areas (Cambodian Demographic Health Survey,
2010), but it does not explain the very high levels of sodium and chloride in the diet.
Calcium is required for the development and maintenance of strong teeth and bones and
continued absorption from the diet is an important source of the mineral (Heaney, 2002). Based on
the assessment of dietary habits of rural villagers carried out in the first part of this Chapter, the
participants eat relatively little dairy and fresh fruit, which are important sources of calcium.
Although data was not collected on blood levels of the micronutrients, it is likely that the villagers
were hypocalcaemic. Not only does their diet contain relatively little calcium rich foods, but they also
have a low protein intake (Table 3.4): a finding similar to Wallace et al. (2104). It is known that low
protein intake reduces the absorption of calcium ions in the diet (Kerstetter et al., 2003). Calcium and
magnesium are also differentially lost through sweating (Cohn & Emmett, 1978). These observations
may underlie the significant stunting seen among children in Cambodia (UNICEF, 2015).
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The levels of manganese found in tea where high. According to the WHO guidelines (2011)
the upper limit for intake for manganese for women is 400 µg/day and the levels consumed in tea
were almost 290 µg which suggests that if there was any manganese in the food, then the levels could
be considered deleterious health. Elevated manganese has been reported in water quality analysis
elsewhere in Cambodia (Feldman et al., 2007; Murphy et al., 2010). Increased intake of manganese
from water is a health concern particularly among children although negative impacts on adults have
not be reported: increased manganese is associated with neurological impairment in children
(Bouchard et al., 2011; Buschman et al., 2007; Ljung & Vahlter, 2007; Luu et al., 2009;
Sthiannopkoa et al. 2008; Wasserman et al., 2006).
The WHO recommends an intake of sodium should be 2,300 mg per day (Stampler, 1997),
which would mean that the diets among the people in the current study were two-to-three-fold higher
than the recommended intake. There is, however, controversy about whether or not high sodium
intake is deleterious to health. There are a number of studies linking high sodium intake to
hypertension (Alter & Eny, 2005; Esposito & Giugliano, 2006) and hypertension and cardiovascular
disease is particularly prevalent in Cambodia (Cambodian Demographic Health Survey, 2010).
However, there are a number of studies in South-East Asia in particular where no association
between high salt intake and high blood pressure has been observed (Cohen et al., 2008; O’Donnell
et al., 2011; 2012; Ramsey, 2014; Thomas et al., 2011). It is possible that the correlation between salt
intake and hypertension is not solely related to sodium levels but may be combined with other dietary
factors to have negative cardiovascular health consequences (O’Donnell et al., 2013). In particular,
O’Donnell and colleagues (2013) suggest that access to fast and processed foods (plus the high levels
of salt in the diet) may contribute to the negative cardiovascular affects in the developed world. As
noted in the first part of this Chapter, the participants in the study do not eat processed foods and
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likely do not possess the resources to purchase them even if they were available. There is also
evidence that salt sensitivity is negatively impacted by obesity and ethnicity (O’Donnell et al., 2013;
Luft et al., 1991; Sanada et al., 2011) and may contribute to cardiovascular disease (Mertens & Gaal,
2000; Pausova, 2006). Cambodians have a body mass index that is closer to 20% (Cambodian
Demographic Health Survey, 2014) whereas more than 60% of adults are obese in Canada (Statistics
Canada, 2013). Finally, physical activity is known to mitigate the negative cardiovascular effects of
high sodium (Collier et al., 2008; Whelton et al., 2001; 2002). Data from the current Chapter suggests
that men and women participating in the study had relatively high levels of physical activity: 67% of
participants reporting high levels of physical activity daily and another 23% with moderate levels of
activity (Figure 3.1a) although there were some variances by region (Figure 3.1b). In contrast, it has
been reported that less than 5% of adults comply with the recommendation of 30 minutes of physical
activity a day (Troiano et al., 2008; Statistics Canada, 2014). A high-sodium, low-potassium diet has
been reported in other Asian Countries (Powles et al., 2013) and is likely due to the addition not only
of table salt to every meal during cooking and before consumption (Wallace et al., 2014) but is also
related to the use of fish and soy sauce (both of which have high salt content).
Low potassium levels may also be a concern: the National Institutes for Health recommends
a daily intake of 4000 mg compared with levels approximately 10-fold lower found in the diets of the
Cambodians sampled in the current study (See Tables 3.9a & b). Whilst low levels of potassium may
ameliorate some of the negative cardiovascular impacts of high-sodium diets (Consolazio et al.,
1963), low potassium is associated with weakness and fatigue and might confound the presumed
association that the relatively high levels of fatigue and dizziness reported by the women in rural
Cambodia (Charles, 2012b) is solely associated with iron deficiency.
Overall, the findings in the current Chapter reinforce the importance of providing
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appropriate nutrition advice to the rural villagers and point to the challenge that the villagers are
unlikely to prioritize or even afford to purchase the Lucky Iron Fish™ to alleviate iron deficiency.
One more confounding factor that may be important to consider in trying to commercialize the Lucky
Iron Fish™ is the evidence that nutritional supplements may increase malariometric indices and
increase the rates of other infectious diseases including HIV (Sazawal et al., 2006; Shankar, 2000)
although it is possible that the large doses of bioavailable iron in iron supplements may overwhelm
the absorption capacity of the intestines in disease-compromised patients. None-the-less, in
considering how to scale up the Lucky Iron Fish™ it will be necessary to determine whether or not
adventitious iron affects disease outcomes in the same way as iron supplements.
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Table 3.1: Administrative districts of Kandal Province, Cambodia

District
Kandal Steung

Population
76,549

Kien Svay

148,358

Khsach Kandal

105,345

Koh Thom

136,542

Luek Daek

52,976

Lavear Em

65,835

Mukh Kamphol

77,456

Ang Snoul

88,921

Ponhea Leu

95,087

S’ang

169,792

Ta Khmao

195,898

* World Fact Book (2014).
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Table 3.2: Household demographic information for villages in Kandal Province

Household information

Mean

Mode

Range

Age (years)

33.0

30

18-56

Number in household

4.8

4.5

3-8

Marital status

93% married

Been pregnant or not

95% been pregnant

Children (birthed)

3.15

3.0

0-6

Children under 5

1.2

1.0

0-6

Women attended school
Years of schooling women

86%
3.9

4.5

Men attended school
Years of schooling men
Highest level of schooling
Occupation
Unemployed
Farmers
Government
Textile industry
Sales
Fishing
Other
Income (riel) per month

0-6

73.6%
3.5

3.6

0-6

Primary education only
Men

Women

2.1%
5.0%
10.3%
15.6%
25.1%
30.3%
11.9%

18.2%
34.4%
12.2%
16.2%
5.5%
13.5%

125* K

120 K

10 - 460 K
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Table 3.3: Demographic information on access to water during the wet and dry seasons

Water and sanitation
Primary sources of drinking water:
Pond
River/canal
Ring well
Open Spring
Handpump
Tapped water
Rain water
Bought water
Hand dug well
Other
Primary sources of other water:
Pond
River/canal
Ring well
Open Spring
Handpump
Tapped water
Rain water
Bought water
Hand dug well
Other
Do you treat your water for safety?
How do you treat your water?
Boil
Bleach/chlorine
White alum
Strain through cloth
Water filter
Solar disinfection
Let it stand and settle
Don’t know
Other
Number of times a week you make the water
safe
Do you store your water?
Where do you store the water?

Wet season
Dry season
0.5%
25.5%
27.7%
30.1%
35.1%
20.5%
30.8%
14.9%
7.0%
5.1%
1.5%
1.3%
Wet season
Dry season
1.0%
23.3%
24.0%
32.0%
37.5%
24.9%
27.8%
12.5%
4.3%
4.2%
2.0%
6.5%
95% yes 5% no
Wet season
Dry season
81.9%
83.2%
0.7%
0.2%
2.4%
0.5%
1.2%
2.5%
12.6%
11.8%
1.2%
1.8%
85% report daily sterilization of water
15% report equally over 1-6 / week
57% store water
43% do not store water
12% bucket; 12% ice/hot box; 7%
kettle; remainder in a variety of places
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Table 3.4: Demographic information on food acquisition and cooking in villages in Kandal

Food habits
Do you eat meat regularly?

55% yes 45% no

Type of meat eaten

Participants who eat meat indicated that they
ate: chicken, beef, fish, goat, pork, blood, and
insects

Number of times eat meat per week

69% eat meat four days or more
31% eat meat three days or less

Source of meat

29% local market
54% local vendor
17% raise own food

Do you eat iron rich vegetables?

95% yes; 2.5% no; 2.5% don’t know

Number of times eat iron rich
vegetables per week
Cookware

53% eat iron rich vegetables four days or more
47% eat iron rich vegetables three days or less

Iron
Steel
Tin
Aluminum
Don’t know

7%
5%
5%
67%
16%

Cook with citrus

96% yes; 4% no

Type of citrus

37% lemon; 35% lime; 21% pomelo; 3% tomato

Source of cookware

Market 52%
Mobile vendor 43%
Don’t know/other 5%

Frequency buy cookware

57% less than once a year
43% more than once a year

Average expenditure on cooking pot

40,000 riel (mode) 10,000-60,000 (range)

Do you eat differently when pregnant? 63% yes; 37% no
How do you eat differently when
pregnant?

47% eat more vegetables
12% eat more meals
8% eat more meat
33% take iron pills
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Table 3.5: Marketing information to households in Kandal Province

Marketing to households
Does the household own a television

97% yes 3% no

Does the household watch the TV
regularly?

86% yes 14% no

Types of channels watched on TV

All channels publicly available watched

Do you see food product
advertisements on TV?

73% yes 27% no

Do you see cook ware advertisements
on TV?

11% yes 89% no

Do you see public health
advertisements on TV?

7% yes 81% no 13% don’t know

Does the household own a radio

54% yes 46% no

Does the household listen to radio

33% yes 67% no

Radio stations listened to

All stations are listened to

Do you listen to food product
advertisements on the radio?

26% yes 74% no

Do you listen to cook ware
advertisements on the radio?

4% yes 83% no 13% don’t know

Do you listen to public health
advertisements on the radio?

2% yes 75% no 23% don’t know

Do you receive print material
advertising?

1% yes 89% no 10% don’t know

Do you read print material
advertising?

1% yes 99% no
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Table 3.6: Knowledge about iron deficiency and iron deficiency anemia

Knowledge about iron deficiency
Have you heard of iron deficiency?

77% yes 23% no

How did you hear about iron
deficiency?

Health centre 31%
Village Support Group 21%
Other including: referral hospital;
commune or community leader, family,
doctor and marketing campaigns – all
less 10% each

Have you heard about anemia?

78% yes 22% no

How did you hear about anemia?

Health centre 36%
Referral hospital 28%

Other including: village support
group; commune or community
leader, family, doctor and marketing
campaigns – all less 10% each
Does anyone in your house have iron
deficiency

7% yes
76% don’t know
17% no

Does anyone in the household have
anemia

17% yes
63% don’t know
20% no

Does anyone in the household take
iron pills?

33% yes 67% no

Who takes iron pills in your house?

87% women
8% children
4% men

How much do you spend on iron
pills?

Mode 0 (Mean 10,000 Range 0-20,000)
riel

Do you eat food products fortified
with iron?

7% yes
75% don’t know
18% no
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Table 3.7: Knowledge about the Lucky Iron Fish™

Knowledge about Lucky Iron Fish™
Have you heard of Lucky Iron
Fish™ ?

46% yes 54% no

How did you hear about the Lucky
Iron Fish™ ?

Dr. Chris Charles 30%
NGO 25%
Health Centre 15%
Remainder: doctor/word of mouth

Do you own a Lucky Iron Fish™ ?

32% yes 68% no

Where did you get the Lucky Iron
Fish™ ?

Dr. Chris Charles 62%
NGO 35%
Health Centre 2%
Remainder: doctor, village elder
67% yes 33% no

If you have a fish – do you use it?
Why don’t you use the fish?

27% forget to use fish
28% think it affects the taste of
water/food
45% lazy

How many times a week do you use
the fish?

78% every day
22% less than every day

Why do you use the fish?

26% I was told to
46% Makes my family healthier
27% Brings me luck
1% Don’t know

When do you use the fish?

14% When cooking food
28% When boiling water
58% Boiling water and cooking food

Would you recommend the Lucky
Iron Fish™ to others?

78% yes 22% no

Does the Lucky Iron Fish™ affect the
taste of food?

27% yes 73% no

Does the Lucky Iron Fish™ affect the
taste of water?

11% yes 89% no
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Table 3.8: Micronutrient and electrolyte content (µg/g) of food consumed in a 24-hour
collection from villagers in three areas of rural Cambodia

Micronutrients

Mode

Range

Mean + SD

Calcium

200

20 - 2500

180.9 + 215.4

Iron

1.8

1.8 - 7

1.9 + 2.5

Magnesium

75

20 - 425

65.0 + 45.9

Phosphorus

750

45 - 2650

254.6 + 260.5

7

5-9

7.4 + 1.7

Mode

Range

Mean + SD

Chloride

4000

2600 – 4600

4120.1 + 626.9

Potassium

800

40 - 1200

375.7 + 324.8

Sodium

4500

2500 - 5900

4360.4 + 752.2

Zinc
Electrolytes

Data on the micronutrient content of meals and prepared drinks over a 24-hour period are reported
from 90 participants (45 men and 45 women) with the exception of iron. In the case of iron only 48
samples had levels of iron above the limit of detectability of the assay 1.8µg/g. The samples below
the level of sensitivity were entered into the analysis at the minimum level of detectability.
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Table 3.9:

Estimate of the total micronutrient and electrolyte (mg/day) content of daily food
for villagers in three areas of rural Cambodia

3.9a Intake in men
Mode

Range

Mean

RDI9

Calcium

253

25 - 3160

228.7

1000

Iron

2.3

2.3 – 8.8

2.4

8

Magnesium

95

25 - 537

82.2

420

Phosphorus

948

57 - 3350

321.8

700

Zinc

8.8

6.3 – 11.4

9.4

8-11*

Mode

Range

Mean

RDI

Chloride

5056

3286 – 5814

5207.7

2300

Potassium

1011

50 - 1517

475.3

4000

Sodium

5688

3160 - 7458

7457.6

2300

Micronutrients

Electrolytes

Micronutrient and electrolyte composition of food and prepared drinks collected over a 24-hour
period. The Recommended Daily Intake (RDI) prepared by the National Institute for Health (2001) is
provided in the right-hand column for comparison. To emphasize the discrepancies between actual
mean levels and the RDI the sections are colour-coded: green = daily intake is below RDI; yellow =
daily intake matches RDI; and pink = daily intake is higher than RDI; blue represents below the RDI
but includes the fact that almost half the samples had undetectable levels of iron.
* Note that a range is provided for zinc in men as demands vary with age.

9

National Institute for Health: Dietary supplement sheet. Available at: https://ods.od.nih.gov/factsheets/IronHealthProfessional/#h2 accessed August 12, 2015.
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3.9b Intake in women

Mode

Range

Mean

RDI10

201.0

20 - 2513

181.8

1000

Iron

1.8

1.8 – 7.0

1.9

8-15*

Magnesium

75.4

20 - 427

65.3

320

Phosphorus

703.8

45 - 2663

255.8

700

7.0

5.0 – 9.1

7.4

8-11*

Mode

Range

Mean

RDI

Chloride

3768

2613 - 4623

4140.6

2300

Potassium

750

40 - 1206

377.9

4000

Sodium

4300

2513 - 5930

4381.8

2300

Micronutrients
Calcium

Zinc
Electrolytes

Micronutrient and electrolyte composition of food and prepared drinks collected over a 24-hour
period. The Recommended Daily Intake (RDI) prepared by the National Institute for Health (2001) is
provided in the right-hand column for comparison. To emphasize the discrepancies between actual
mean levels and the RDI the sections are colour-coded: green = daily intake is below RDI; yellow =
daily intake matches RDI); and pink = daily intake is higher than RDI. Note that the levels of zinc
may be slightly low (yellow/green colour).
* Note that ranges are provided for iron and zinc in women as demands increase during pregnancy
and vary with age.

10

National Institute for Health: Dietary supplement sheet. Available at: https://ods.od.nih.gov/factsheets/IronHealthProfessional/#h2 accessed August 12, 2015.
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Table 3.10:

Estimate of total micronutrient and electrolyte content (mg) of drinks consumed
in a 24-hour period for villagers in three areas of rural Cambodia

Table 3.10a: Intake in men
Micronutrients
Calcium
Iron
Magnesium
Manganese
Phosphorus
Zinc

~ 2 cups tea

~ 1 can Coca
cola

~ 2 bottles beer

0.6
144.3
-

43
-

36
0.2
42
0.2

3.5
65
3.5

50
5
60

36
178
38

~ 4 cups tea

~ 1 can Coca
cola

~ 1 bottle beer

1.1
288.56
-

43
-

18
0.1
21
0.1

8
129
7

50
5
60

18
89
19

Electrolytes
Chloride
Potassium
Sodium
Table 3.10b: Intake in women
Micronutrients
Calcium
Iron
Magnesium
Manganese
Phosphorus
Zinc
Electrolytes
Chloride
Potassium
Sodium

Note that the intake levels of essential minerals from beverages is negligible compared with intake
from food on a daily basis (See Table 5.9).
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Figure 3.1 Activity levels among people in rural communities in Cambodia (for definitions of
activity levels see text)
Figure 3.1a Differences in activity levels between men and women
100%
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70%
60%
50%
40%
30%
20%
10%
0%
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Men
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Population

Figure 3.1b Differences in activity levels among people in three different communities
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Low
Medium
High
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River
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Note: Plains and coastal communities are primarily agricultural and most of the people work on the
land whereas most of the people in river communities fish for a living.
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CHAPTER 4: Dynamics of iron release from the Lucky Iron
Fish™
4.1 Introduction
Iron deficiency affects more than 3.5 billion people globally (WHO, 2014). The majority of
people living with this condition are women and children in the developing world where access to
food diversity and conventional medicine is limited (Harrell, 1997; McLean et al., 2008). In 2008, the
World Health Organization reported that 66.4% of pregnant and 57.3% of non-pregnant women of
reproductive age suffer from anemia primarily due to iron deficiency (McLean et al., 2008). The
health impacts can be severe and may be irreversible but anemia also has a significant negative
economic impact on the family and the community (Black et al. 2008; Copenhagen Consensus Centre,
2008; Horton & Ross, 2008). It is estimated that iron deficiency results in a $70 billion annual loss in
the annual global gross domestic product (Ross & Horton, 1998).
Despite significant international efforts to fortify food staples, such as flour, and to provide iron
supplementation programs specifically aimed at vulnerable populations, iron deficiency continues to
increase worldwide (Copenhagen Consensus Centre, 2012). There is a critical need for a costeffective solution to this problem.
Adventitious sources of iron, cooking in iron pots or with iron utensils effectively boost the
intake of iron (Adish et al., 1999; Borgiato & Marrtinez, 1995; Brittin & Nossaman, 1986; Geerligs
et al’; 2003; Webb et al., 2011). Iron leached from these sources is bioavailable (Bothwell et al.,
1995; Charles et al., 2011a; Martinez & Vannucchi, 1986; Mistry et al., 1988), however compliance
with this approach is a significant challenge in some regions because iron pots are too heavy, too
expensive, not readily available and not culturally acceptable (Geerligs et al., 2003). Recently, it has
been demonstrated that adding a small ingot of iron into the cooking pot releases enough iron to
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ameliorate iron deficiency – raising both circulating and stored iron and halving the incidence of iron
deficiency anemia (Charles, 2012b; Charles et al., 2015). The positive effects of the iron ingot,
known as the “Happy Fish”, were seen after continuous use in soup or boiling drinking water
(Charles, 2012b). Compliance levels were high (greater than 90%) and the women accepted the fish
shape. Further, Charles et al. (2011b) showed that iron was released from the fish during cooking and
reported preliminary data on the safety of the fish. The current report expands on the safety testing of
the fish, explores optimum conditions for iron release, and provides an assessment of the impact of
boiling the fish in water on the taste, colour, smell and drinkability of the water.
4.2 Materials and Methods
The iron ingots used in the present study were modified from the original design used by
Charles and colleagues (Charles, 2012b; Charles et al., 2015). After a number of years of use, the fish
from the original study, became brittle, the surface markings wore away and the fins and tail broke
when dropped (GR Armstrong, personal observation: January 2014). The shape of the fish was
modified: this version of the fish branded and trademarked as the Lucky Iron Fish™ (fish). It is
slightly heavier (~200g compared with the Happy Fish that was ~ 175g), slightly more convex (to
increase surface area which increased the degree of “flutter” during the cooking process and thereby
maximized the release of iron during the cooking process) and the surface markings were accentuated
to increase the appeal to users (GR Armstrong, preliminary focus groups – data not included in the
chapter). A comparison of the two fish is shown in Figure 4.1.
Four different experiments were done on Lucky Iron Fish™: (1) to determine the purity of both
the raw iron samples and the ingot once it was cast into the shape of the fish; (2) to confirm the rate
of iron and other potential contaminants release during cooking; (3) to explore the dynamics of iron
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released into the cooking medium; and (4) to establish whether or not the cooking with Lucky Iron
Fish™ affected the taste, colour, smell and drinkability of the boiled water.
4.2.1 Experiment 1: Composition of raw iron and the manufactured fish
To determine the purity of the iron in the raw metal before processing and in the fish after
production, samples (approximately ~3g) were taken from the melted iron before casting or scarped
from the interior and exterior surfaces of the fish after casting and exposed to mass spectroscopy
using an Inductively Coupled Mass Spectrometer, ICPMS (Varian 820-MS), Laboratory Services
Division, University of Guelph.
4.2.2 Experiment 2: Confirming iron and no other contaminants are released in cooking
To determine if iron is released during the cooking period and if any contaminants are released,
seven fish were boiled for 30 minutes in either (1) 1L distilled water (pH 7.4); or (2) 1L distilled
water acidified with lemon juice to pH 6.3. The fish were boiled in glass saucepans to eliminate any
possibility of contaminants leaching from the cooking pot. At the end of the boiling period, three
samples (15mL) of water were collected from each pot and tested using inductively-coupled plasma
optical emission spectroscopy ICP-OES, (Varian Vista Pro, Laboratory Services Division, University
of Guelph) to determine the presence of a list of possible contaminants. The list of possible
contaminants included in the analysis were: aluminum; antimony; arsenic; beryllium; boron;
cadmium; chromium; cobalt; copper; iron; lead; manganese; mercury; molybdenum; nickel;
selenium; tin; titanium; and zinc. The equipment was standardized daily using control samples for
routine analysis. Statistical differences between the amount of iron and other minerals released
between treatment groups were determined using a Students’ ‘t’ test with significance set at p<0.05.
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4.2.3 Experiment 3: Dynamics of iron released from Lucky Iron Fish™ during cooking
Experiment 3 was done to determine how the length of time boiled or the number of fish in the
boiling water affected the release of iron. Iron release from one fish boiled for either 10, 30 or 60
minutes in 1L of acidified distilled water (pH 6.5) was determined (7 fish were tested at each time
point). Similarly, iron released after boiling 1,3 or 5 fish in 1L acidified water for 10 minutes was
determined. Finally, a dose-response curve for the effects of acidification of the boiling water (range
pH 3.5 to pH 8.0) was established for iron released from the fish during 10 minutes of boiling. After
boiling and cooling, three samples of 15mL of water were drawn from each experiment and tested for
iron content using ICP-OES.
The release of iron from the fish was also tested in two soups commonly prepared in
Cambodian households: lemon fish soup (sngor chuok trey) and sweet and sour pineapple and pork
soup (salor macho manor nung s’ung chrouk). The soups were prepared using traditional Khmer
recipes using fresh ingredients purchased in a local market in Kandal Province, Cambodia. The
ingredients for the soups are shown in Table 4.1. The soups were prepared in aluminum pots using
non-metals utensils over a charcoal fire for 20 minutes (the cooking time used in Cambodia). The
women preparing the soups were asked to add citrus to the soups 10 minutes before serving similar to
the treatment suggested for using the Lucky Iron Fish™ to ameliorate iron deficiency.18 The soup
was cooled and three samples of 15 mL of the liquid portion of the soup were extracted from each
cooking pot using acid-washed glass pipettes. As a control, the two different types of soups were
also made without the iron fish and samples prepared in the same way as described above. Samples
from both the experimental and control soups were stored in 20mL acid-washed glass vials and
shipped to Canada for analysis at Laboratory Services Division, University of Guelph, Canada. The
samples were subjected to microwave-assisted digestion (CEM Corporation Microwave Digestion
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Unit, MARSXpress) using nitric acid, brought to volume with Nanopure water and the clear extract
removed and analyzed using ICP-OES. Deionized water, water acidified with lemon juice (pH ~
similar to fish soup) and saline solution (pH ~ similar to pork soup) prepared with and without a fish
were used as controls.
Statistical differences between the amounts of iron released between treatment groups were
determined using a Students’ ‘t’ test with significance set at p<0.05.
4.2.4 Experiment 4: Drinkability of water after cooking with fish
Experiments were carried out to determine whether or not the number of fish in the boiling
water affected the taste, smell, colour and overall drinkability of the water. Six experimental groups
were established: control (no fish) and acid-washed, glass cooking pots with one to a total of five fish
in 1L acidified (pH 6.5) distilled water. After boiling for 10 minutes, the fish were removed and the
water cooled. The water was bottled and sealed and stored at 4oC until used in a series of blind taste
tests. (The maximum length of time that the water was stored was four days). The blind taste test and
assessment was set up for 35 women recruited from Guelph. Ethical approval for the blind taste tests
was obtained from the Research Ethics Board of the University of Guelph. Each woman was asked to
examine six different samples of water. They were asked four questions: first, they were asked to
assess the colour of the sample and asked to rank it on a four-point Lickert scale from clear to
strongly coloured. Next, they were asked to assess the smell of each sample. Again, they were asked
to rank their assessment on a four-point scale from no smell to strong odour. They were asked to taste
the water samples and comment on whether the sample tasted of iron using the four-point scale:
ranking the samples from no taste to a strong taste of iron. Finally, they were asked to determine
whether or not they would be prepared to drink the water in the sample bottles. In this case they were
asked simply to state whether they would drink the water or not.

92

4.3 Results
4.3.1 Experiment 1: Composition of the raw iron and the manufactured fish
An example of the results from the microanalysis of the internal surface of a fish is shown in
Figure 4.2. The microprobe revealed that the interior surface of the fish was composed primarily of
iron with smaller amount of carbon, silicon, manganese and sulfur. This composition is typical of
plain steel. The iron was predominantly in the reduced form with a small proportion of ferric iron and
iron complexed with other metals. Less than 12% of the iron present in the samples was non-ferrous
iron. The proportion of ferric to ferrous iron on the surface of the fish was higher than the internal
surface, likely due to oxidation. The surface samples also contained small amount of sodium, calcium,
potassium, chlorine, magnesium, aluminum and phosphorous, likely due to contaminants from
handling.
4.3.2 Experiment 2: Confirming iron and no other contaminants are released
Boiling one fish in water at pH 7.5 or pH 6.5 for 30 minutes did not result in any detectable
levels of a number of potential contaminants including: arsenic; beryllium; cadmium; chromium
copper; cobalt; copper; lead; magnesium; mercury; nickel; selenium; tin; titanium; or zinc. The levels
of these potential contaminants were below the minimum level of detectability of the assay in all
samples (<0.001µg/mL water). Low levels of aluminum, antimony, boron, manganese and
molybdenum were detected after boiling in distilled water at pH 7.5 and acidified distilled water at
pH 6.5 (Table 4.2) but there was no significant (p>0.05) difference between the results of the two
levels of pH (Table 4.1). In contrast, iron was released from the iron fish during cooking. Iron was
below the level of detectability in the distilled only control group, but elevated in the distilled water
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(pH 7.5) group cooked with the fish (0.59 + 0.06µg/mL), which was significantly less than the iron
levels in the acidified (pH 6.5) distilled water (7.22 + 0.39µg/mL).
4.3.3 Experiment 3: Dynamics of iron released from the fish during cooking
Boiling the fish for 10 or 30 minutes released 7.05 + 0.43µg/mL or 7.22 + 0.28µg/mL iron
respectively into the acidified water (Table 4.3). There was no significant difference between iron
levels in these two time periods. In contrast, boiling for 60 minutes released significantly (p<0.01)
more iron 8.61 + 0.39µg/mL. As the number of fish increased from one, to two to five, the amount of
iron released was 7.34 + 0.21µg/mL, 9.78 + 0.59µg/mL and 12.00 + 1.29µg/mL respectively. Iron
levels were significantly higher in the pot with more than two fish (p<0.05).
Increasing acidity of the boiling water resulted in a higher release of iron (Figure 4.3) from the
fish. At pH 7.5 or 8.0 low levels of iron were detected in the boiled water (<1µg/mL) but rose sharply
to 7.05 + 0.45µg/mL at pH 6.5 or when the levels of acidity were higher. However, there were no
significant differences (p>0.5) between the levels of iron detected when the fish was boiled in water
between pH 3.5 and 6.5.
Boiling the fish in two different types of soup commonly prepared in Cambodia resulted in a
significant (p<0.001) release of iron (4.39 + 0.68 and 4.81 + 0.94µg/mL) for fish and pork soup
respectively) compared with controls (<035µg/mL). However these levels were significantly
(p<0.001) lower compared with the effects of boiling the fish in water alone (Table 4.4).
4.3.4 Experiment 4: Drinkability of water after cooking with fish
The results of the focus group responses to the appearance (colour), smell and taste of the water
samples after boiling with different numbers of fish are shown in Figure 4.4a-c. There was perceived
to be an increase in the intensity of the colour of the water as the number of fish in the pot increased.
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Almost all of the members of the focus group (95%) considered that the water boiled with either no
fish or one fish was colourless (Figure 4.4a). However, only 57% of the participants determined that
the water was clear when boiled with two fish and less than 15% with three or four fish. All
participants detected that the water was coloured with five fish. A similar trend was observed with
smell. Most (>80%) participants detected no smell from the water with either no or one fish.
Increasing the number of fish, increased the noticeable smell. Likewise, increasing the number of fish
affected perceptions of taste of iron in the water (Figure 4.4b). The majority (>75%) reported no taste
of iron with either no or one fish but that number fell to 20% or less with more than two fish (figure
4.4c).
The fourth test used in this series of experiments was designed to combine all the factors
(colour, smell and taste) in a subjective assessment of the overall drinkability of the water that had
been boiled with different numbers of fish. In this case, the women were simply asked to record
whether the water was drinkable or not (Figure 4.5). More than 95% of the women reported that the
water that had been boiled with no or one fish was drinkable. In contrast, less than 10% reported
water was drinkable after it has been boiled with two or more fish: the remaining suggesting that the
water was considered undrinkable.
4.4 Discussion
Raw iron used to produce the fish and the manufactured fish was comprised primarily of
ferrous iron with a small amount of ferric iron, and iron complexed with other minerals. This
suggests that iron could be available for absorption if it is successfully leached during the boiling
process (Herbert, 1987). No other significant contaminants, in any of the samples tested, were
identified either before or after production, suggesting that the product is safe for distribution and use.
Whilst the levels of potential contaminants were either undetectable or below the minimum
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acceptable standards for food contamination suggested by the WHO, it does not completely exclude
the possibility that people who are vulnerable for a number of reasons could still be at risk. However,
the slight risk posed by this fact is largely outweighed by the significant health benefits of using the
fish on a regular basis (Charles et al., 2015).
The fish released elemental iron in significant quantities in acidified boiling water but levels of
other compounds that might be potentially dangerous to human health were either below the level of
sensitivity of the assay (<0.0001µg/mL) or were lower than the minimal acceptable levels for
potentially harmful contaminants set by the World Health Organization (WHO, 1998). Similar to
previous reports (Charles, 2012b; Charles et al., 2011a; 2015), there was a significant difference
between boiling fish in water at pH 7.5 (2.70 + 0.22µg/mL) compared with pH 6.5 (7.05 +
0.45µg/mL) confirming that acidification of the water important to release sufficient amounts of iron.
Although the levels of iron release in the liquid of the soup were less than boiling water alone, they
were none-the-less significantly elevated (4.39 + 0.68 and 4.81 + 0.94µg/mL for fish and pork soup
respectively).
The daily iron requirements of individuals vary by gender, age, menstrual status and pregnancy
(Herbert, 1987). Charles et al. (2012b) suggested that by drinking one litre of acidified water prepared
by boiling with the Happy Fish for at least 10 minutes would provide approximately 15% of the daily
iron required for women of reproductive age. This estimate is based on the assumption that ~10% of
total dietary iron is able to be absorbed (Adish et al. 1999; Herbert, 1987) and that the daily required
intake is 10mg. While the daily-required intake for iron for women who are not pregnant, but are of
reproductive age is generally accepted to be 10mg, the daily requirement for women who are
pregnant is estimated to be 18mg/day (Herbert, 1987). Therefore, the Lucky Iron Fish™ is likely
providing 40% of the daily-required intake of iron for pregnant women. However, the principal
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drawback of this conclusion is the lack of data on the bioavailability of the iron from the fish. The
calculations of availability are an estimate derived from work on rats (Duarte-Vazquez, 2004; Hurrell
et al., 2002; Swain et al., 2004; Yeung et al., 2005) and it is known that there are species differences
in elemental iron bioavailability (Hurrell et al., 2002; Swain et al., 2004;). In contrast, other forms of
iron, in particular, electrolytic iron may be more readily absorbed than elemental or hydrogenreduced elemental iron (Zimmerman et al., 2005).
At the opposite end of the spectrum, it is possible that the fish could be providing too much
iron and cause iron toxicity. Iron toxicity has been recognized as a problem in some areas of subSaharan Africa (Gordeuk et al., 1987).
Leaching of iron from the fish was sensitive to the acidity of the boiling water but the levels of
the other potential contaminants did not appear to be so sensitive. Primarily this is due to the levels of
several contaminants being below the level of sensitivity of the assays but iron is particularly
sensitive to leaching under acid conditions. The experiments were carried out using deionized water
and glass cooking to ensure no extraneous ions were introduced into the analysis from the equipment.
The situation may be different in rural villages where the water consumed is normally drawn from
the river or from wells and cooking is done primarily in aluminum pots (Charles et al., 2011; Charles,
2012b). There is a suggestion that tube well water, in particular, in Kandal, province is contaminated
with arsenic which may chelate available iron (Charles et al., 2011). Finally, it would have been
useful to measure the release of ferric and ferrous ion release to estimate the bioavailability of the
iron but this was not done.
The current experiments demonstrate that Lucky Iron Fish™ releases most iron when cooked in
water acidified with lemon juice. Although cooking the fish in soups was also associated with
significant release of iron, the levels of release were lower in soup compared with water. These
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findings are similar to other reports (Charles, 2012b; Charles et al, 2011a). However, questions still
remain about the bioavailability of the iron that is released.
It was important to carry out the tests on the drinkability of the water after boiling with
different numbers of fish to establish whether or not increasing the number of fish during the cooking
period affected the colour, taste, smell of the samples and then to assess the overall drinkability of the
water (Figure 3.4a-c). The women were aware of the possible treatment with iron but were blinded
about the identity of the water samples. Most of the women clearly identified the control (no fish) or
one fish as being without colour, smell or taste of iron and that these samples were drinkable (Figure
3.5). In contrast, cooking with more than one fish affected all three of these parameters and more
than 90% of the women thought that the water cooked with two fish or more was undrinkable. These
data suggest that including two or more iron fish in the pot when boiling water, which might risk iron
overload, would affect the perception of colour, smell and taste of the water and that the women
would be unlikely to drink such water. It is likely, but not shown by the current set of experiments,
that similar results would be obtained by cooking soup (the staple diet of most Cambodian families)
with two or more fish and therefore limit any possibility of iron toxicity. A drawback with the
experimental design might be that women were asked to comment on appearance, smell and taste
before they were asked about drinkability, which might influence their overall opinion. Nevertheless,
they clearly identified samples boiled with more than one fish were different and less palatable.
Nevertheless the levels of iron identified even cooking for long periods or in strongly acidified water
or with more than one fish are still substantially lower than the levels associated with iron toxicity
(intake of more than 120mg/day – Frykam et al., 1994) and substantially lower than iron present in
most iron supplements (60-250 mg – Frykam et al., 1994).
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Table 4.1: Ingredients of the two Khmer soups used in Experiment 4.3
Ingredient

Fish Soup

Pork Soup

White fish
Pork belly
Jasmine rice
Fresh pineapple
Green onion
Bean sprouts
Tomato
Carrot
Sweet basil
Asian coriander
Non-iodized salt
Fish sauce
Fresh tamarind paste
Lemon grass
Garlic
Fresh lemon juice
Black pepper
Sugar
Palm sugar
Strong chili pepper

680 g
30 g
2 stalks
1 medium sized
120 g
120 g
15 mL
1 stalk
1 lemon
2.0 g
7.5 g
5.0 mL
1 small

455 g
355 g
475 g
240 g
2.5 g
30 g
15 mL
2 cloves
1 lemon
1.25 g
30 g
30 mL
2 small

Table 4.2: Release of non-iron metals into the cooking fluid from the Lucky Iron Fish™
(µg/mL)
Aluminum

Antimony

Boron

Manganese

Molybdenum

< MDL

< MDL

< MDL

< MDL

< MDL

Water pH 7.5 plus
a fish

0.054 + 0.001

0.003 + 0.0001

0.256 + 0.07

0.321 + 0.09

0.023 + 0.002

Water pH 6.5 plus
a fish

0.055 + 0.002§

0.003 + 0.0003§

0.259 + 0.08§

0.342 + 0.08§

0.025 + 0.003§

Distilled water
alone

§

No significant difference (p>0.05) in values between water at pH 7.5 and water at pH 6.5

MDL = minimum detection level
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Table 4.3: Dynamics of the release of iron from the Lucky Iron Fish™ (µg/mL)
Time (minutes)
Treatment group (fish)
Distilled water only
Number of fish (30 minutes)
Treatment group (fish)
Distilled water only
ab

10

30

60

7.055 + 0.43 a

7.22 + 0.28 a

8.61 + 0.39b

< MDL

< MDL

< MDL

1

2

5

7.34 + 0.21 c

9.78 + 0.59d

12.00 + 1.29e

< MDL

< MDL

< MDL

Values within a row with different superscripts are significantly different (p<0.01)

cde

Values within a row with different superscripts are significantly different (p<0.02)

Table 4.4: Incremental iron content µg/mL (mean + SD) of food and water samples prepared
with and without the fish
Treatment group

ab

Cooking without the
fish

Cooking with the fish

Distilled water (pH 7.4)

<0.35 (0)

<0.35 (0)

Saline (pH 4.5)

<0.35 (0)

<0.35 (0)

Lemon water (pH 4.7)

<0.35 (0) x

7.24 + 1.65 a,y

Fish soup (pH 4.5)

<0.35 (0) x

4.39 + 0.68 b,y

Pork soup (pH 4.4)

<0.35 (0) x

4.81 + 0.94 b,y

Values within a column with different superscripts are significantly different (p<0.001)

xy

Values within a row with different superscripts are significantly different (p<0.01)
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Figure 4.1: A comparison of the appearance of Happy Fish and the Lucky Iron Fish™

Happy Fish

Lucky Iron Fish™

Lucky Iron Fish™ has more clearly defined markings, a larger smile, is embossed with the Khmer
word meaning “good” and weighs ~200g. On the obverse side (not shown in this image) there is a
batch number to ensure that the source of iron and the safety assurance tests can be linked to a
particular batch of fish. In contrast, Happy Fish has fewer surface features and weighs ~175g.
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Figure 4.2: Energy dispersive spectrograph of the exposed surface from a Lucky Iron Fish™

A

C

B

Energy dispersive spectroscope of the exposed surface of the fish. Note: the predominant form of
metal present in the same is ferrous iron (A) with small amount of ferric iron (B) and iron complexed
with other minerals (C). In all samples the proportion of non-ferrous iron was always <12%.
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Figure 4.3: Iron released into distilled water boiled for 10 minutes with the Lucky Iron Fish™
at various levels of acidity
Iron content (µg/mL)
10

a

9

a

a

a

8

a

a

a

7
6

sem

5
4

iron content

b,d

3
2

c

1
0

pH 3.5 pH 4.0 pH 4.5 pH 5.0 pH 5.5 pH 6.0 pH 6.5 pH 7.0 pH 7.5
a&c

c
pH 8.0

indicates no significant difference (p>0.05) between iron levels

c

indicates significant difference (p<0.001) from a

d

indicates significant difference (p<0.01) from both a & c

sem = standard error of the mean
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Figure 4.4a: Perceived differences in colour of water boiled with fish
100%
90%
80%
70%

Dark

60%
50%

Moderate

40%

Slight

30%

Clear

20%
10%
0%

0 fish

1 fish

2 fish

3 fish

4 fish

5 fish

Women in the focus group detected a change in the colour of the water boiled with 2 or more fish.

Figure 4.4b Perceived differences in the smell of water boiled with different number of fish

100%
90%
80%
70%

Strong

60%

Moderate

50%

Slight

40%

None

30%
20%
10%
0%

0 fish

1 fish

2 fish

3 fish

4 fish

5 fish

Women in the focus group reported that there was an increase in the smell of the water boiled with an
increasing number of fish.
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Figure 4.4c Perceived differences in the taste of water boiled with different number of fish

100%
90%
80%
70%

Strong

60%
50%

Moderate

40%

Slight

30%

None

20%
10%
0%

0 fish

1 fish

2 fish

3 fish

4 fish

5 fish

Women in the focus group perceived that increasing the number of fish in the water changed the taste
of the water.
Figure 4.5 Palatability of water boiled with different numbers of fish

100%
90%
80%
70%
60%
50%

Not-drinkable

40%

Drinkable

30%
20%
10%
0%

0 fish

1 fish

2 fish

3 fish

4 fish

5 fish

Whilst water boiled with either no fish or one fish is perceived to be palatable,
boiling two or more fish in the pot appears to render the water unpalatable.

106

CHAPTER 5: Metal and trace element intake from food and water for villagers
in Preah Vihear
5.1 Introduction
Initially, an expanded clinical trial on the impact of the Lucky Iron Fish™ was planned in
Kandal Province (See Introduction) but the site of the clinical trial was moved to a province in the
north of Cambodia, Preah Vihear. The reasons for relocating the trial are explained in Chapter 6. As
part of the initial planning for the clinical trial, background information on the iron available through
the normal diet for people living in Kandal province was obtained. Analysis of the 24-hour food and
beverage intake of villagers in Kandal province, reported in Chapter 3 of the thesis, showed that diets
of families in a province that lies in the flood plains of the Mekong and Tonlé Sap Rivers lacked
adequate iron but were very high in sodium concentration. There are considerable differences in the
geography of the two provinces. Preah Vihear is a more verdant province, and is situated at a higher
elevation compared with Kandal. The predominant source of water in Kandal is river water and the
diet mainly fish and rice, whereas villagers in Preah Vihear rely on well-water and are purported to
eat a more varied diet including chicken and pork. The purpose of the experiments reported in the
current thesis was to analyze the food and water intake of people in Preah Vihear.
It has been shown that groundwater in the Prey Veng – a region in Cambodia that lies
between Kandal and Preah Vihear – has elevated levels of iron and manganese (Karakochuk et al.,
2015a), compared with WHO and the 2004 Cambodian Drinking Water Standards. As the
groundwater in Prey Veng was also acidic, Karakochuk et al. (2015a) suggested that the high levels
of iron would likely be bioavailable and would provide an average of ~4.3 mg/day of iron (close to
50% of the DRI). At the same time, these authors also raised concerns about the high levels of
manganese in the groundwater – a finding that is consistent with other reports on water quality in
Cambodia (Feldman et al., 2007; Murphy et al., 2010). Elevated manganese levels in water are
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associated with neurological impairment in children (Bouchard et al., 2011; Buschman et al., 2007;
Ljung & Vahlter, 2007; Luu et al., 2009; Sthiannopkoa et al. 2008; Wasserman et al., 2006).
Although Karakochuck et al. (2015a) did not find elevated levels of arsenic in the groundwater in
Prey Veng, arsenic contamination has been reported in water sources in other regions of Cambodia
(Berg et al., 2007; Buschman et al., 2007; Ljung & Vahlter, 2007; Luu et al., 2009; Sthiannopkoa et
al. 2008). As arsenic is known to interfere with iron absorption, it is possible that arsenic
contamination might contribute to iron deficiency. Arsenic is classified as a human carcinogen
(ATSDR, 2007) and long-term exposure to arsenic is correlated with increased morbidity and
mortality (Argos et al., 2010; Berg et al., 2001).
The work reported in the current chapter examines the metal and trace element content of
well-water in the Preah Vihear. In addition, the current chapter also provides data on the daily intake
of minerals and electrolytes in food, based on a 24-hour total food intake study.
5.2 Materials and Methods
Water samples were collected from groundwater wells associated with the households in the
18 villages that participated in the clinical trial comparing the efficacy of the Lucky Iron Fish™, iron
supplements and no intervention reported in Chapter 6. The samples were collected from twenty-five
wells – the collection sites are shown in Table 5.1. The households were chosen at random from the
list provided by the village elder. A record of the water treatment practices was taken including
whether or not the water was boiled or filtered before use and frequency of treatment. Water was
pumped from the well for at least 60 seconds to ensure that the sample collected was not stagnant
water from the pipes. (All the samples were taken directly from the well before any treatment i.e.,
filtering or boiling water). A description of the physical properties of each water sample was
recorded. This included: colour, smell, taste, clarity and turbidity. In addition, pH was determined
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(Merck® pH indicator strip) and temperature recorded to the nearest degree Celsius using a standard
glass thermometer. Water samples (15mL) were taken in triplicate from each groundwater well into
acid-washed polyethylene plastic tubes and 2mL concentrated nitric acid added to the water to
preserve concentrations of metals (BCME, 2009). The samples were stored on ice and transported
back to Phnom Penh and shipped to Guelph for metal and trace element content at Laboratory
Services Division, University of Guelph, Canada. Standardized tests (USEPA, 1994) using
inductively coupled plasma-mass spectrometry (Varian 820-MS) and optical emission spectroscopy
(Varian Vista Pro) were used to determine the metal and trace element content of the water samples.
The list of 20 metals and trace elements tested included: aluminum; antimony; arsenic; beryllium;
boron; cadmium; chromium; cobalt; copper; iron; lead; magnesium; manganese; mercury;
molybdenum; nickel; selenium; tin; titanium; zinc.
In addition, twenty-five households were recruited from the same villagers to take part in a
24-hour food collection exercise. The WHO STEPS random sampling tool was used to identify the
houses that were approached for the food study from the 18 villages taking part of the study on the
impact of the iron fish on iron status (Chapter 6). Criteria for participation the 24-hour food study
were: (1) head of household responsible for preparing daily meals for the family agreed to
participate; (2) willingness to prepare an extra portion of every meal consumed in the 24-hour period
and a willingness to record the number and type of drinks consumed in the same period; (3) not
participating in the trial to determine the effects of the fish or supplements on iron status (reported in
Chapter 6); and (4) not using any form of iron fortification in the preparation of daily meals. The
sample population included 25 participants. Face-to-face interviews were conducted to collect
information on dietary habits and information on physical activity (see Appendix 7). The interviews
were conducted in Khmer by the trained enumerators and the responses recorded on paper. Data were
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transcribed in duplicate to electronic files. Participants were asked to collect an identical serving of
all meals that were consumed over a 24-hour period. In addition, the participants were asked to
record the number of cups of tea, whether the tea consumed with milk or not, number of cans of Coca
Cola and bottles of beer consumed in that 24-hour period. The meal duplicates were collected from
each participant in a plastic container stored in a cooler with ice. The samples were collected at the
end of the 24-hour period, along with the record of drinks in the same time period, and transported to
Phnom Penh. The food samples there were weighed, homogenized, and a 100g aliquot taken from
each sample. The aliquot was frozen at -30oC, and shipped to Laboratory Services Division,
University of Guelph on dry-ice for analysis. Each food sample was analyzed for the concentration of
calcium, chloride, iron, manganese, magnesium, phosphorus, potassium, sodium, and zinc using a
macronutrients elements panel. The records of the beverages consumed were retained and the
average number of cups of water, tea, cans of Coca cola and bottles of beer recorded. Samples of
traditional tea, Coca Cola and beer were also sent to Laboratory Services Division, University of
Guelph for mineral content analysis.
5.2.1 Data comparison
The levels of metals and trace elements determined from the analyses were compared with
water quality guidelines (CMIME, 2004; WHO, 2011). These guidelines are established on one of
two principles; (1) maximum standard levels that are acceptable without provoking adverse health
outcomes; or (2) undesirable properties i.e., taste, colour and/or smell. In addition, where possible,
the results are compared with the dietary reference intakes (DRIs) established for women 19-30 years
of age (NRC, 2006). The DRIs include one of more of the following standards based on maximum
and minimum levels for safety and efficacy specified on the basis of gender and age: adequate intake
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(AI); estimated average requirement (EAR); recommended daily allowance (RDA) or tolerable upper
intake levels (UL).
5.2.2 Estimations of daily intakes
The estimated daily intake of minerals and electrolytes was calculated for food and drink
from the 24-hour samples and from the information about the amount of drink consumed in a 24-hour
period and compared with the DRIs, where available.
5.3 Results
A total of 25 water samples were collected from 25 groundwater wells in 18 villages in
Preah Vihear. The collection sites are shown in Table 5.1. Information about the water treatment and
consumption practices of water (and other beverages) is provided in Table 5.2. Most of the
households sterilized the water by boiling (less than 5% used water filtration systems which are
relatively common elsewhere in Cambodia).
Table 5.3 provides the results of the mineral and trace element content of the water samples.
The minimal detection level (reporting detection limit [RDL]) is also provided for each mineral or
trace element. The Cambodian drinking water quality standards (CMIME, 2004) and the World
Health Organization (WHO, 2011) are provided for comparison.
5.4 Discussion
There have been a number of reports concerning the quality of drinking water in Cambodia
(CMIME, 2004; Feldman et al., 2007). In addition to high bacterial load, it has been shown that
groundwater in several provinces contains high levels of arsenic and manganese (Berg et al., 2007;
Buschmann et al., 2007; Karakochuck et al., 2015a; Luu et al., 2009; RDIC, 2012; Sampson et al.,
2008; Sthiannopkoa et al., 2008) and there is variable contamination of river water in Kandal with
arsenicals (Berg et al., 2007). Karakochuck and colleagues (2015a) reported, in addition to high
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levels of manganese in groundwater in Prey Veng, that 4.5% of samples contained higher than
recommended levels of aluminum and 72.7% contained iron levels in excess of the recommended
level by the WHO. To date, there are no studies on the mineral and trace element content of water in
Preah Vihear and no studies published on the total mineral and trace element intake from water and
food consumed over a 24-hour period. This study was necessary as background information on the
availability of iron in the diet to inform the clinical trial on use of the Lucky Iron Fish™ reported in
the following chapter. The total amount of minerals, trace elements and electrolytes were measured
directly in food consumed over a 24-hour period whereas the presumed intake of minerals and trace
elements from beverages were calculated from knowledge of the amount of water, tea, Coca cola and
beer consumed on average each day and the mineral and trace element content of each of these drinks.
5.4.1 Iron intake
Contrary to the report on iron available in the drinking water in Prey Veng, a province in the
southern part of Cambodia, iron levels in groundwater in Preah Vihear were within the water quality
guidelines recommended by the WHO (2011) and CMIME (2004). Iron levels ranged from 17-186
µg/L with a mean value of 56.5 µg/L and a modal value of 32.0 µg/L and none of the water samples
exceeded the levels by WHO or CMIME. See Tables 5.3 – 5.5. The maximum recommended levels
are set based on undesirable physical properties of the water: levels about the maximum have a
strong taste and smell of iron, and are usually discoloured. However, iron is an essential element and
it is recommended that women aged 19-30 years should consume ~18 mg/day (NRC, 2001). Based
on the calculations on the beverages consumed in Prey Veng which included groundwater and
primarily tea made from the ground water but also supplemented by a small proportion of other
drinks e.g., Coca cola and beer, it is likely that women in Preah Vihear were imbibing only about 140
µg iron per day from their drinks which is substantially less than the recommended dietary intake.
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Studies on bioavailability of iron from groundwater suggest that the iron may be readily
absorbed by the body (Merrill et al., 2011; Worwood et al., 1996). Groundwater aquifers are
generally reducing (Murphy et al., 2010) which means that iron in the water is likely to be
predominantly in the ferrous form, although it may be oxidized to the ferric form if left to stand.
Ferrous iron is more dissolvable and therefore more bioavailable than the ferric form (Hurrell, 1997;
Merrill et al., 2010) although ferric iron can be reduced to the ferrous form in the intestines (Aste,
2007). However, the groundwater in Preah Vihear was slightly alkaline (pH 7.5 + 1.4) which reduces
the bioavailability of iron and decreases absorption in the intestines. Iron levels in groundwater are
correlated with iron stores in women (Merrill et al., 2010; 2011) so it is likely that a proportion of the
iron available from the beverages consumed by the women in Preah Vihear contributes to their
overall iron status but no attempt was made to correlate the iron levels and iron status in the current
study.
Overall the iron intake (based on the food and drink consumed in a 24-hour period) for rural
villagers averaged 2.16 mg/day (modal value slightly less at 2.07 mg/day) which constitutes about
12% of the daily recommended intake. This raises the possibility that women in Preah Vihear are not
taking in sufficient iron a day. However, iron intake may still be a concern among women in
Cambodia. Individuals who suffer from hemoglobinopathies or genetic hemoglobin disorders may be
at risk of developing iron toxicity (Bain, 2006). The prevalence of these conditions has been reported
as high as 50% in Cambodia (Carnley et al., 2006) and may be even higher in Preah Vihear (see
Chapter 6). A proportion of hemoglobinopathies are associated with accumulated iron stores reflected
by high serum ferritin concentrations (George et al., 2012; Karakochuk et al., 2015c; Thurlow et al.,
2005). The situation is not clear cut: some of the variants of thalassemia result in decreased
production of red blood cells and increased iron absorption which exacerbates the possibility of iron
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overload whereas other forms result in increased turnover of red blood cells and increased demand
for iron (Rees et al., 1998). Nevertheless, iron available from water, from other beverages or foods
or even from adventitious sources may result in serious medical conditions (Bain, 2006).
5.4.2 Arsenic intake
Although levels of arsenic were increased in the groundwater in Preah Vihear, the levels did
not exceed the recommended maxima (CMIME, 2004; WHO, 2011). This finding is different from
reports on groundwater quality from other regions of Cambodia (Berg et al., 2007; Buschmann et al.,
2007; Luu et al., 2009; RDIC, 2012; Sampson et al., 2008; Sthiannopkoa et al., 2008) where arsenic
is reported to exceed recommended levels in groundwater and in some cases in river water. The
results from the current study are similar to the reports on water quality from Prey Veng (Karakochuk
et al., 2015a). Arsenic can interfere with iron absorption (Manceau, 1995) so the increased levels
found in the current study might further reduce the bioavailability of iron in the food and drink
consumed by the villagers in Preah Vihear.
5.4.3 Manganese intake
Similar to the report of others (Feldman et al., 2007; Karakochuck et al., 2015a; Murphy et
al. 2010), there were high levels of manganese in the drinking water samples taken from the villages
in Preah Vihear. Manganese is an essential nutrient for optimal bone growth and energy and protein
metabolism (Keen et al., 2000) and the recommended daily intake is 1.8 mg/day (AI) for women
aged 19-30 years (NRC, 2001). The levels reported in the current study for the drinking water alone
were close to the maximum allowable intake. Taken with the data on manganese in all beverages and
food consumed in a 24-hour period, the levels averaged 1.9 mg/day (modal value 1.78 mg/day).
There is clear evidence linking increased manganese intake in children with neurological impairment
in children including decreased IQ levels and an increased prevalence of attention deficit disorder
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and hyperactivitiy (Bouchard et al., 2011; Ljung & Vahter 2007; Rodriguez-Barranco et al., 2013;
Wasserman et al., 2006). As families in Cambodia usually eat communal meals, cooked in the same
pot (Wallace et al., 2014) it is likely that children are routinely consuming more manganese than the
recommended daily intake. Furthermore, as elevated manganese appears to occur across the country,
it should be highlighted as a potentially significant health challenge for the government – especially
as the government is trying to take action against stunting and neurological impairment from
micronutrient deficiency.
5.4.4 Excess sodium intake
Total sodium intake from food and drink over a 24-hour period averaged 4,442.9 mg (mode
4,301.7mg). This is almost double the WHO recommendation for sodium intake of 2,300 mg per day
(Stampler, 1997; NRC 2006). The high levels of sodium were matched by almost equally high levels
of chloride (average 4,242.2 mg/day; mode 3,595.4 mg/day). There is, however, an emerging
controversy about whether or not a high sodium intake is deleterious to health. There are a number of
studies linking high sodium intake to hypertension (Alter & Eny, 2005; Esposito & Giugliano, 2006)
and hypertension and cardiovascular disease is particularly prevalent in Cambodia (Cambodian
Demographic Health Survey, 2010). However, there are a number of studies in South-East Asia in
particular where no association between high salt intake and high blood pressure has been observed
(Cohen et al., 2008; O’Donnell et al., 2011; 2012; Ramsey, 2014; Thomas et al., 2011). It is possible
that the correlation between salt intake and hypertension is not solely related to sodium levels but
may be combined with other dietary factors to have the negative cardiovascular health consequences
(O’Donnell et al., 2013: see Chapter 3). These may include: access to fast and processed foods
(O’Donnell et al., 2013), obesity and ethnicity (O’Donnell et al., 2013; Luft et al., 1991; Sanada et al.,
2011) and exercise (Collier et al., 2008; Whelton et al., 2001; 2002).
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5.4.5 Low potassium intake
Similar to the findings reported for food and drink intake for villagers in Kandal province
(See Chapter 3), the intake of potassium over a 24-hour period was low for the villagers in Preah
Vihear. The average intake was only 711.2 mg/day (modal value 991.8 mg/day) which are below the
recommended intake levels of 4000 mg/day (NRC, 2006) suggesting the potassium levels may be 5fold lower for diets in Preah Vihear. It is possible that low levels of potassium may ameliorate some
of the negative cardiovascular impacts of high-sodium diets (Consolazio et al., 1963), however, low
potassium is associated with weakness and fatigue which might contribute to some of the symptoms
reported in the qualitative study carried out in associated with the clinical trial on the efficacy of
using the Lucky Iron Fish™ reported in Chapter 6.
5.4.6 Conclusions
Food and drink consumed over a 24-hour period by villagers in Preah Vihear contain
elevated levels of manganese and sodium and low levels of potassium compared to recommended
intakes. Levels of iron are not elevated as reported in other provinces in the country. However, the
alkaline content of the drinking water and the relatively high levels of arsenic may reduce the
bioavailability of iron present in the diet and might contribute to iron deficiency in the region.
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Table 5.1 Collection sites for groundwater samples in Preh Vihear province

Number wells
assessed

Village

Number wells
assessed

AnLong Svay

2

Pal Hal

1

Boh

1

Romcheck

1

Boh Prey

2

Rovieng Cheung

1

Chamboat Paem

1

Sangkayrung

2

Chamlong

1

Sraythom

1

Dong

1

Thnal Kaeng

1

Kouk Ampil

1

Thnal Kaong

1

Ou Pou

2

Tnaot Mlu

1

Ou Talaok

1

Toul Rovieng

2

Village

Two test sites were selected in communities with over 100 households.
Table 5.2 Water treatment and consumption characteristics
Number

Percent

25

100

No treatment

21

84

Boils water

3

12

Filters water

1

4

Yes

1

4

No

24

96

Water treatment for drinking water

Household has a filtering system

Note: only one household had the ability to filter water and the filtration process using Sand filters is
known to eliminate a number of potentially harmful trace elements, in particular arsenic (Murphy et
al., 2010). Also only 12% of households boiled their water, which is the recommended practice in
Cambodia.
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Table 5.3 Metal and trace element content of well-water (groundwater) in study villages in Preah Vihear
Mineral/trace
element

Units

MDL

Mean + SD

Mode

Range

WHO
guidelines

No. samples above
WHO guidelines

Cambodian
guidelines

No. samples above
Cambodian guidelines

-

-

7.5 + 1.4

7.7

5.3 – 8.1

-

-

-

-

C

-

31.2 + 0.9

31

30 – 34

-

-

-

-

Hardness

µgCaCo3/L

0.1

62.8 + 39.0

50.3

6.8 – 170.9

-

-

300

0

Aluminum

µg/L

1.9

23.5 + 30.7

5

5 – 103

100

1

-

-

Antimony

µg/L

0.01

0.5 + 0.0

0.5

0.5

20

0

-

-

Arsenic

µg/L

0.2

7.9 + 4.3

5.5

0.1 – 11.5

10

3

50

0

Beryllium

µg/L

0.04

0.14 + 0.15

0.05

0.05 – 0.59

-

-

-

-

Boron

µg/L

0.01

11.8 + 3.2

8.3

5 – 19

500

0

-

-

Cadmium

µg/L

0.024

0.04 + 0.01

0.02

0.01 – 0.08

3

0

10

0

Chromium

µg/L

0.76

0.7 + 0.3

0.5

0.5 – 1.5

50

0

50

0

Cobalt

µg/L

0.04

2.25 + 1.3

1.2

0.05 – 7.5

-

-

-

-

Copper

µg/L

0.5

0.7 + 0.6

0.7

0.5 – 3.1

2000

0

1500

0

Iron

µg/L

0.05

56.5 + 126.4

32.4

17 – 186

300

0

1000

0

Lead

µg/L

0.05

0.55 + 1.43

1

0.05 – 5.2

10

0

10

0

Magnesium

mg/L

0.05

7.8 + 3.6

6.2

0.05 – 0.6

-

-

150

0

Manganese

µg/L

0.1

398.7 + 217.4

360.7

50 – 887

400

8

500

6

Mercury

µg/L

0.004

0.001 + 0.0

0.001

0.001

0.005

0

-

-

Molybdenum

µg/L

0.1

0.2 + 0.1

0.1

0.1 – 0.5

70

0

-

-

Nickel

µg/L

0.5

2.1 + 2.5

0.6

0.5 – 7.6

-

-

-

-

Sodium

µg/L

0.1

30.7 + 7.2

24.5

3.7 – 75.1

70

0

-

-

Selenium

µg/L

0.12

0.5 + 0.0

0.5

0.5

-

-

-

-

Titanium

µg/L

0.1

2.5 + 3.0

2

2–6

-

-

-

-

Zinc

µg/L

0.48

10.9 + 9.4

9.3

5 – 30

4000

0

1500

0

pH
Temperature

0

MDL = minimal detectable level (limit of sensitivity of assay).

Levels detected above guidelines
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Table 5.4 Calculation of DRIs from groundwater for Villagers in Preah Vihear

Mineral/trace
element

Units

Estimated daily intake (2.5L water)

Mineral/trace
element

Units

Based on mode

Based on mean

Estimated average
requirements (EAR)

Recommended daily
allowance (RDA)

Adequate intakes
(AI)

Tolerable upper limit
intakes (UL)

Chromium

µg/L

3.25

1.25

-

-

-

20,000

Copper

µg/L

1.25

1.25

700

900

-

10,000

Iron

µg/L

139.25

141.25

8,100

18,000

-

45,000

Magnesium

mg/L

185.0

155.0

225

310

-

350

Manganese

µg/L

997.5

900.0

-

-

1,800

11,000

Molybdenum

µg/L

0.5

0.25

34

45

-

2,000

Nickel

µg/L

1.25

1.5

-

-

-

1,000

Selenium

µg/L

1.25

1.25

45

55

-

400

Sodium

µg/L

76.75

61.25

-

-

1,500

2,3000

Zinc

µg/L

12.5

23.25

6,800

8,000

-

40,000

Daily dietary reference intakes (DRIs)
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Table 5.5 Metal and trace element content of beverages consumed in 24 hours

Units

MDL

Tea
(3 cups/day)

Coca cola
(1 can/day)

Beer
(1 bottle)

Aluminum

µg/L

5

15.5 + 10.7

9.3 + 3.6

ND

Antimony

µg/L

0.5

ND

ND

ND

Arsenic

µg/L

0.1

0.5 + 0.6

ND

ND

Beryllium

µg/L

0.05

0.1 + 0.1

ND

ND

Boron

µg/L

5

7.5 + 0.9

ND

ND

Cadmium

µg/L

0.01

0.01 + 0.0

ND

ND

Chromium

µg/L

0.5

ND

ND

ND

Cobalt

µg/L

0.05

1.5 + 1,1

ND

ND

Copper

µg/L

0.5

0.6 + 0.1

ND

ND

Iron

µg/L

10

53.0 + 46.2

ND

25.3 + 15.9

Lead

µg/L

0.05

ND

ND

ND

Magnesium

mg/L

0.05

0.9 + 0.5

0.05 + 0.0

1.5 + 0.4

Manganese

µg/L

1

346.1 + 57.7

ND

112.9 + 67.3

Mercury

µg/L

0.001

ND

ND

ND

Molybdenum

µg/L

0.1

ND

ND

ND

Nickel

µg/L

0.5

1.7 + 1.2

ND

ND

Sodium

µg/L

0.1

33.8 + 16.2

15.3 + 3.4

20.4 + 5.9

Selenium

µg/L

0.5

0.05 + 0.0

ND

ND

Titanium

µg/L

1

2.1 + 1.9

ND

ND

Zinc

µg/L

5

10.3 + 4.4

5.9 + 1.8

11.6 + 5.8

Mineral/trace
element

ND = Not detected (below limit of sensitivity of assay).

120

Table 5.6 Metal and trace element content of 24-hour meal intake of rural villagers in Preah
Vihear

Micronutrients

Mode

Range

Mean + SD

201.0

20 – 2513

181.8 + 36.6

Iron

1.8

1.8 – 7.0

1.9 + 0.5

Manganese

16.2

15 – 26

17.4 + 5.9

Magnesium

0.06

0.05 – 0.08

0.06 + 0.02

Phosphorus

703.8

45 – 2663

255.8 + 41.1

7.0

5.0 – 9.1

7.4 + 4.7

Mode

Range

Mean + SD

Chloride

3768

2613 – 4623

4140.6 + 588.3

Potassium

750

40 – 1206

377.9 + 155.9

Sodium

4300

2513 – 5930

4381.8 + 624.2

Calcium

Zinc
Electrolytes
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Table 5.7 Estimated average and total daily intake of metals and trace elements for villagers
Estimates of total intake are based on intake of 3 cups of tea (approximately 750 mL), 1 can of Coca
Cola (200 mL) and one beer (250 ml) per day and an average meal portion of 1023 g/day.
Table 5.7a Average daily intakes
Micronutrients
(µg/day)

Tea

Beer

Coca
cola

Iron

53.0

25.3

ND

Manganese

346.1

112.9

Magnesium

0.9

Zinc

10.3

Water

Food

Total

RDI

UL

139.25 1,943.7

2,161.25

18,000

45,000

ND

997.5

17,790

19,246.5

-

11,000

1.5

ND

185

163.6

351.0

310

350

11.6

5.9

12.5

7,570.2

7,610.5

8,000

40,000

Electrolytes (mg/day)
Chloride

7.7

16.5

50

62

4,106.8

4,242.2

2,300

-

Potassium

80.4

87.2

5

55.3

483.3

711.2

4,000

-

Sodium

4.6

21.4

60

76.8

4,280.1

4,442.9

2,300

-

Water

Food

Total

RDI

UL

2,071.75

18,000

45,000

Table 5.7b Modal daily intakes
Micronutrients
(µg/day)

Tea

Beer

Coca
cola

Iron

61.7

27.4

ND

Manganese

250.9

107.5

ND

900

16,572

17,830.4

-

11,000

Magnesium

0.8

0.9

ND

155

163.7

320.4

310

350

Zinc

10.3

15.0

7.1

23.4

7,161.0

7,216.8

8,000

40,000

141.25 1,841.4

Electrolytes (mg/day)
Chloride

6.1

18.0

50

60.4

3,460.9

3,595.4

2,300

-

Potassium

86.5

89.5

5

60.6

750.2

991.8

4,000

-

Sodium

5.0

19.4

60

61.0

4,301.7

4,301.7

2,300

-

ND = Not detected (below the level of sensitivity of the assay)
Levels higher than recommended upper limit for daily consumption
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CHAPTER 6: Large-scale community-based trial for the efficacy of Lucky Iron
Fish™
6.1 Introduction
Despite efforts by government and civil society over the past decade, iron deficiency
remains a serious public health issue and socio-economic challenge. According to the World Health
Organization (WHO) nearly 3.5 billion people are iron deficient of whom almost 2 billion are anemic
(WHO, 2008) worldwide. Although iron deficiency is the only micronutrient deficiency present in
every country in the world, women and children in the developing world especially those living
below the poverty line are the worst affected (WHO, 2008; 2012).
Iron deficiency results in a variety of health-related consequences. Some of the signs and
symptoms of the condition are reversible such as dizziness, headaches and reduced work capacity,
but others can be long-term, severe and irreversible (WHO, 2008). People who are severely anemic
have a weakened immunity, impaired cognitive developed and are at risk from serious complications
in pregnancy and childbirth (Stoltzfus et al., 2005; Webb et al., 2011). Severe anemia (hemoglobin <
70 g/L) reduces a woman’s ability to survive bleeding during and after childbirth and is considered a
major cause of maternal morbidity and mortality (WHO, 2001).
Previous reports suggested that 55% of children, 44% of women of reproductive age, and
50% of pregnant women in Cambodia are anemic (Cambodian Demographic and Health Survey
(2010; 2012). There are significant levels of poverty in Cambodia, which predispose people to iron
deficiency (Horton & Ross, 2003) because the diet of most Cambodians lacks diversity and there is
also limited iron-rich food available (Charles et al., 2010; 2014).
It has been known since the second century BC that cooking in cast-iron pots provides
sufficient bioavailable iron to restore iron levels in cases of deficiency (Adish et al., 1999; Borigato
and Martinez, 1998; Geerligs et al., 2003). However, cast-iron pots are heavy, expensive and not
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commonly found in Cambodia. Charles and colleagues (2011; 2015) reported that adding a block of
cast iron to a cooking pot had the same effect as cooking in iron pots. To make the iron ingot
attractive to use, it was cast in the shape of a fish that is lucky in Cambodian folklore and referred to
as the Happy Fish. Using the fish regularly over a year, resulted in increased circulating and stored
levels of iron and reduced the incidence of anemia by half (Charles et al., 2015).
Two clinical trials were completed with the Happy Fish. In the first trial, the impact of using
the Happy Fish was compared with no treatment. Outcome measures included changes in
hemoglobin levels (a measure of circulating iron) and serum iron (a measure for stored iron) but the
study has been criticized for several reasons. Initially, the results were promising but hemoglobin
levels fell towards the end of the trial to levels below start-line values which might have been due to
the participants drinking water contaminated with arsenic in the last three months of the trial (Charles
et al., 2011a). Serum iron is not an adequate measure of stored iron. Levels of serum iron are more
commonly correlated with iron intake in the diet (Gibson, 2005) and, normally, patients are asked to
fast before testing serum iron levels. Serum ferritin is recommended as the gold standard as a
measure of stored iron (Gibson, 2005; WHO, 2004), however as serum ferritin is an acute phase
protein then it is possible that people with a heavy burden of infection will give false positives in
tests. There are emerging reports that iron deficiency anemia may not be as prevalent as previously
thought (Cambodia Demographic Health Survey, 2012; 2014; Karakouchuk, 2015c). Finally, in the
trials of the Happy Fish (Charles et al., 2011a; 2015), the impact of the fish treatment on iron status
was compared with a group of women who received no intervention. To convince the government of
the Kingdom of Cambodia and the National Nutritional Working Group to use the fish as an
alternative to the currently recommended supplements, it is necessary to compare the effects of the
fish with the currently recommended treatment of iron supplements.
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The current chapter reports on findings of a randomized controlled trial of the Lucky Iron
Fish™ carried out in Preah Vihear province, Cambodia between 2015 and 2016. Outcomes measures
included: hemoglobin (a measure of circulating iron), serum ferritin (a measure of stored iron) and
serum (soluble) transferrin receptor. Information was also collected on the prevalence of hemoglobin
gene disorders among the participants to provide a better understanding of these types of anemia in
PreahVihear. In addition, a qualitative study was completed to determine attitudes towards
compliance for the two types of treatment and factors that might affect use, such as side-effects or
storage issues.
6.2 Materials and methods
6.2.1 Ethics approval
Ethics approval was obtained from the Research Ethics Board at the University of Guelph,
Canada, and the National Ethics Committee of the Ministry of Health, Kingdom of Cambodia (see
Appendix 2). As the work on this Chapter was carried out in collaboration with a research student
from the University of British Columbia (Aviva Rappaport), ethics approval was also obtained from
the Research Ethics Board at the University of British Columbia (UBC)11 12. Written informed
consent was obtained from all participants before enrolment in the study. Many of the participants in
the trial were completely or partially illiterate, so unable to read and sign the consent form

11

Unlike many research universities in Canada, there is no formal agreement between the Universities of Guelph and
British Columbia about ethics approval for work on human subjects so completely separate and full applications had to be
processed through both institutions.
12 Approval by the Research Ethics Board at UBC was delayed: the original intent of the proposed experiments was to
carry out a three-armed trial (pills, fish and placebo pills) but UBC Board objected strongly to the use of a placebo group
and the applications to all three Ethics Board had to be re-written as a two-armed trial (pills and fish) compared with a
control (no treatment).
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themselves. Therefore, written informed consent was obtained using a thumb-print to signify
acceptance13. Thumb-prints are an accepted and regularly used practice in Cambodia.
6.2.2 Study Design
6.2.2.1 Impact of supplements and the fish on iron status of women
This study involved a quantitative nutritional research component and a qualitative
assessment of the Lucky Iron Fish™ as an at-home iron fortificant. Three hundred and twenty-seven
women were recruited to participate in a randomized, controlled trial. An equal number of women
were individually randomized to each of three groups (n=109 in each trial arm): the women in group
1 were given the Lucky Iron Fish™; group 2 were given a daily oral iron supplement (18mg ferrous
sulfate in tablet form); and group 3 received no treatment group (control). Nutrition education was
provided to all three groups at three monthly intervals by trained local research staff, during the 12months of the trial. The nutrition education was designed to improve knowledge of dietary sources of
iron and intake, anemia prevention practices, and promotion of iron and folic acid (IFA) supplements
for pregnant and breastfeeding women in the community. The study also incorporated the key
nutrition messages for controlling iron deficiency as outlined in the National Guidelines for the use of
iron and folic acid supplements (Ministry of Health of Cambodia, 2007). These included: promotion
of appropriate weight gain during pregnancy; intake of foods rich in iron; consumption of fruits high
in vitamin C to increase absorption of iron; and exclusive breastfeeding for six months with
appropriate complementary feeding practices commencing with iron rich or iron-fortified foods. This
education component provided an added benefit to all those participating in the trial, regardless of the
treatment group and was required by the National Ethics Committee of the Ministry of Health in
Cambodia. In addition, the women in the iron fish group were provided with specific instructions on
13

Formal written consent was a point of conflict between the Research Ethics Board of the three institutions involved:
the Research Ethics Board at the University of Guelph wanted verbal consent but UBC and The Ministry of Health in
Cambodia required written consent for participation.
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using and caring for the fish. They were recommended to use the iron fish every day during their
cooking. Three options were suggested: (1) to boil the fish for 10 minutes in water when they were
sterilizing the water for drinking – in this case they were asked to add two to three drops of citrus
juice to the boiling water and to add an additional two to three drops of juice immediately before
drinking (citrus enhances the leaching of iron from the fish and increases the absorption of iron in the
digestive system [Hurrell & Egli, 2010])14; (2) to add the iron fish and boil for the last 10 minutes
when preparing soup (a common meal consumed by rural families on a regular basis [Wallace et al.,
2014]; or (3) to boil water with two to three drops of citrus juice for 10 minutes and use the water to
cook rice for the day. The women were instructed to wash and dry the fish immediately after use to
reduce the possibility of rust (rust is predominantly ferric oxide – ferric iron is not readily
bioavailable and the ferric oxides from a rusty fish colour in the cooking water and impact the taste
of the food [G.R. Armstrong – personal observation – see Chapter 5]). If the fish rusted, the women
were told to clean the fish with lemon/lime juice. The acid in the juice reduces the oxide and
effectively removes the rust on the surface.
6.2.3 Location, Recruitment, and Enrolment for the iron study
The study took take place in Preah Vihear province, Cambodia. Villages not already
involved in an active intervention (for example, a water project, micronutrient powder intervention)
were randomly chosen from a list. A Khmer-speaking research assistant contacted the Village Chief
and/or Village Health Volunteer in the first village on the randomized list to determine the number of
eligible women in that village (based on the inclusion and exclusion criteria in Table 6.1).
Recruitment took take place by working through the randomized list of villages. The women were
asked to participate in the study and subjected to a screening process that included determination of
14

In order to keep treatments the same in all three groups, women in the group receiving the iron supplements and in the
control group were also asked to boil their water using citrus so that the only difference between the groups was the
presence or not of the fish.
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whether or not they met the inclusion/exclusion criteria established for the trial. Only three of the
women who were approached declined to participate in the screening process. Based on the estimate
of a prevalence of iron deficiency anemia (45%) reported in the Cambodian Demographic Health
Survey (2014), it was originally expected that it would be necessary to recruit women from up to10
villages, however, the prevalence of anemia was lower than anticipated. Eventually women from 18
villages were approached to take part in the study.
The participants accepted into the study were asked to complete a baseline questionnaire and
were assigned in sequence to one of the three groups: (1) Lucky Iron Fish™; (2) daily oral iron
supplement (18mg ferrous sulfate); or (3) no treatment (control). The participants were encouraged
to use the interventions daily and compliance and issues of use were tracked at monthly visits. The
women in the iron supplement group were given a 90-day supply of pills in individual, daily blister
packs. These were delivered to participants every 3 months. Old blister packs were collected to
monitor compliance using the supplement as recommended.
6.2.4 Sample size and inclusion/exclusion criteria
The sample size for the impact of the fish trial was estimated using an online calculator tool
for multiple regression models, in consultation with a biostatistician. Based on the calculations: there
was a 90% probability that the study would detect a treatment difference at 5% significance level, if
the difference in hemoglobin concentration between treatments was 5 g/L. This assumed that the
standard deviation of the hemoglobin (response variable) is 11 g/L. These assumptions determined
that the sample size should be 90 women in each arm. To account for drop out and missing data, the
number of women in each arm of the trial was increased by ~20% so that the final sample size was n
= 109 in each trial arm, for a total of 327 women recruited to the study. From each of the treatment
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arms and the control group, 55 women were chosen at random to take part in the qualitative
assessment. Inclusion and exclusion criteria for recruits are shown in Table 6.1
6.2.5 Dealing with sampling operational problems
Although some level of non-response was built into calculation of sample size requirements,
to the extent that it does occur, it can bias the study results. There may be systematic differences
between people who choose to respond and those that do not and these differences might be reflected
in the indicators that are being measured. Therefore, every effort was made to minimize nonresponse. In practice, the number of non-responses was low (<1%) so systematic bias is unlikely.
6.2.6 Consent
Consent forms to participate in clinical trial were translated into Khmer. As a precaution, the
translated consent form was back-translated into English by a second person to ensure the accuracy
of the statement included in the forms. Where a potential recruit could not read the consent form, the
interviewer read it to her. Participants were allowed at least 48 hours to decide if they wanted to
participate. Signed consent (thumb print) was obtained before a trained enumerator administered the
study questionnaire, took anthropometric measurements, and provided instructions on blood
sampling.
6.2.7 Remuneration
At baseline, midline and endline, all women were asked to travel to the local health centre
for a venous blood draw. The women received one sarong at baseline (valued at ~US$2.50), and
provided with US$2.00 to reimburse travel expenses to and from the local health centre for each visit.
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6.2.8 Data collection
6.2.8.1 Coordination with Local Authority
Project staff contacted the Village Chief and/or Village Health Volunteer to request
permission to conduct data collection within their communities. The survey team worked in close
cooperation with the health centers and project staff during data collection. Project staff ensured that
the local authority was informed of the exact date and time of the data collection, so that the Village
Chief and/or Village Health Volunteer could help coordinate and mobilize the participants. Routine
monthly visits were made to the community and participants in the fish and pill group asked to
complete a short survey on compliance.
If requested, women were provided with the results of their prescreening blood tests and a
dissemination workshop was held after endline (12 months).
6.2.8.2 Survey and blood collection teams
Trained enumerators conducted the surveys and anthropometric measurements. In addition,
trained staff from the National Institute of Public Health (Cambodia) assisted in blood collection,
processing and storage of the bio-specimens.
6.2.8.3 Data and blood collection
Quantitative data and blood were collected at baseline, midline and endline (12 months). A
trained, Khmer-speaking enumerator conducted all interviews in the participants’ homes. Data were
collected from all subjects on demographic and socio-economic status (household members,
educational attainment, housing characteristics and household possessions); consumption habits,
smoking and alcohol use; and general observations about energy levels and overall work activity. A
copy of the demographic and baseline surveys are provided in Appendix 6 & 7. In addition, every
three months, after baseline until endline (12 months) a trained, Khmer-speaking enumerator visited
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the households of the women chosen at random to complete the qualitative questionnaire (Appendix
8). The survey sought to explore several issues about use of the interventions including: frequency of
use; perceptions of issues or barriers to use; perceptions of the educational materials provided; and
specific questions about the Lucky Iron Fish™. In addition, a physical activity survey was completed
at baseline and endline (Appendix 9). The enumerators sought to verify the statements of the women
about the location of the fish or pills by visiting the homes.
6.2.8.4 Mitigating against some of the potential confounding factors in iron deficiency
The etiology of iron deficiency and iron deficiency anemia is complex (see: Chapter 1) and
there are number of health challenges that could develop for the women during the 12 months of the
clinical trial that might confound or at least potentially confuse interpretation of the results. Therefore,
several mitigating strategies were included in the experimental design to address some of these issues.
In addition, ethical approval from the National Ethics Committee of the Ministry of Health required
that the project adher to the guidelines of the Nutrition Council in Cambodia by taking opportunities
to disseminate information about adequate nutrition both during and after the study. Finally, the
clinical trial required the cooperation and approval of the local Public Health Director and her team,
therefore the approach to the experimental design had to account their perceptions of various features
that impacted experimental design. The various strategies/requirements and the various ways these
were addressed in the experimental design and protocol are laid out in Table 6.2.
6.2.8.5 Anthropometric measurements
The trained enumerators measured the height and weight of each participant using
standardized techniques. Weight and height was measured using a calibrated weigh scale (weight, kg)
and a microtoise (height in metres) at baseline. All measures were taken in duplicate. Body mass
index (BMI) was calculated as kg/m2.
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6.2.8.6 Blood sample collection, storage and analyses
At baseline (0 months), midline (6 months) and endline (12 months), blood samples were
collected by trained phlebotomists (see above). There were two components to the blood sample
collection process: the first component was a finger prick of blood taken to assess hemoglobin levels
of each woman. The level of hemoglobin was assessed using the HemoCue® 310 before the baseline
questionnaire was administered. If the participant showed severe anemia (hemoglobin circulating
levels less than 110g/L) they were sent for immediate medical attention and not included in the
study15. If the individual had normal hemoglobin levels at screening (hemoglobin ≥ 120g/L) they
were also excluded from participating in the study (See exclusion criteria: Table 6.1). Therefore, all
327 included at the start of the study had hemoglobin levels in the range 110-120 g/L at baseline. At
the midline and endline visits, hemoglobin levels were also determined using a finger prick of blood
in the same way to confirm that none of the women had become severely anemic (< 110 mg/L)
during the study. (In practice, none of the women in any of the three groups fell into this category at
the midline assessment point).
The second component of the blood sample protocol was to withdraw 10 mL of non-fasted
blood from each participant via venipuncture into an evacuated trace element-free tube at the local
health centre. The 10-mL sample was split: immediately after collection, 2 mL of whole blood was
removed from the trace element-free vacutainer for a complete blood count (CBC). The blood for the
CBC was placed on ice and transported immediately to Siem Reap for analysis. A maximum of two
hours was allowed for transfer of the samples. A CBC was performed on each sample using an
automated hematology analyzer (Sysmex XT18001, Sysmex Corp) in the Diagnostic Facilities at the
Sihanouk Hospital, Siem Reap. The hemoglobin levels determined by the HemoCue® 310 on site
where compared with the levels determined by the automated hematology analyzer in the hospital to
15

Costs of referral to the health clinic and any necessary treatment was paid from the research project budget.
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confirm that neither the samples had not deteriorated significantly during the transport process nor
there were differences in the reference points of the two types of analyzer. The remaining 8 mL of the
sample was allowed to clot at room temperature for 30 minutes. The samples were then centrifuged
for 5 minutes (4g), and the serum separated and stored at -20°C in a freezer at the local health centre.
Once a week, the frozen serum samples were transported on ice to the National Institute of Public
Health Laboratory in Phnom Penh for storage in a -80°C freezer. (The samples were shipped to
Phnom Penh on dry ice to ensure that they remained frozen).
At the end of each sampling period, the frozen serum specimens were shipped by air to the
Erhardt laboratory in Germany for analysis. The specimens were sent in accordance with
international regulations for bio-security of exempt human blood and urine specimens
(WHO/HSE/EPR/2008.10) and according to International Air Transport Association (IATA) January
2005 guidelines. Serum was analyzed for ferritin, soluble transferrin receptor (sTfR), α-1glycoprotein (AGP) and c-reactive protein (CRP) using a sandwich enzyme-linked immunosorbent
(ELISA). C-reactive protein is a marker for acute infection and α-1-glycoprotein is a marker for
chronic infection (Levina et al. 2015). Analysis of these is necessary to be able to identify anemia of
chronic disease (Ferritin and RBP are both acute phase proteins so their levels would be elevated in
inflammatory processes, which could distort the analysis. Therefore, two inflammation markers
(CRP [acute inflammation] and AGP [chronic inflammation]) were assessed and used to correct
ferritin and RBP levels for inflammation as per previously published methods (Thurnham et al.,
2010). In addition, at midline, hemoglobin gel electrophoresis and polymerase chain reaction (PCR)
were used to detect genetic disorders in hemoglobin among participants. Capillary hemoglobin
electrophoresis was conducted using a Sebia MINICAP analyzer (Hemoglobin E program) by a
trained external consultant at National Institute of Public Health in Cambodia. This automated
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technique quantifies the different types of hemoglobin in blood for interpretive diagnosis. The test
detects normal hemoglobin (Hb A, A2, and F), hemoglobin variants (Hb E, H and CS) and betathalassemia. A single-plex PCR assay was used to detect heterozygosity, homozygosity and
compound heterozygosity of the most common alpha-thalaseemia (α-3.7 deletion) at the Pasteur
Institute in Phnom Penh, Cambodia.
6.2.8.7 Data entry, data cleaning and storage
A unique identifier, not identified to the individual, was assigned to each participant. All
electronic data files were encrypted and stored on password-protected computers and/or secure
servers accessible only to members of the research team. To maintain data quality, the raw data were
reviewed, verified and cleaned before performing data analysis. All data points were checked by a
second reader to ensure accurate transcription of the data. All irregularities were crosschecked with
the survey teams for clarification and correction, where necessary.
6.2.8.8 Statistical analysis plan
Participant characteristics (descriptive statistics) were summarized as the number of
participants and percentage for categorical variables and means and standard deviation for the
continuous variables. T-tests, ANOVA and chi-square tests were used to conduct pairwise
comparisons between the intervention groups at midline. Two-sided p-values less than 0.05 were
taken to indicate statistical significance. IBM SPSSÔ software v.22 (Armonk, NY, USA) was used
to conduct statistical analyses. As the loss-to-follow-up happened over the study, a Student’s ‘t’-test
was carried out to compare baseline hemoglobin and serum ferritin of women who withdrew prior
before the study was completed to compare with data from women who were still participating at
midline to be confident that the loss-to-follow-up was not associated with baseline iron status.
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6.2.9 Intervention Groups
Group 1: Lucky Iron Fish™ The fish were produced at the Bowmanville Foundry in Ontario,
Canada and shipped to Cambodia for use in the study. Quality and safety assurance on the fish was
completed by the Bowmanville Foundry to ensure that they were free of contaminants (see Chapter 3
for list of contaminants) and the batch of fish was pre-tested to ensure consistent release of iron into
the cooking medium. The results of these tests were similar to those reported in Chapter 4.
Group 2: Iron supplements. Iron supplements in the form of 18 mg ferrous sulfate were provided in
blister packs. The tablets were specifically formulated to provide the recommended daily-required
intake of iron. The contents of the iron supplements are shown in Table 6.3.
Group 3: No treatment (control). One third of the women were allocated to a group where they
received advice about adequate nutrition, advice about cooking and sterilizing water in the same way
as the other two groups but were not provided with any intervention at all. They were, however,
asked to acidify the water which they sterilized by boiling and to add two to three drops of lemon
juice to the cooled drinking water to ensure that the preparation of the water samples was identical in
the control and Lucky Iron Fish™ treatment groups.

6.3 Results
6.3.1 Recruitment of participants for the study
Recruitment of participants for the trial started in April 2015 with baseline data collected in
May 2015. (The original intent had been to start the trial in January 2014). In total, 1092 women
agreed to participate in the screening process. None of the women were from the same household. Of
these, 763 women met the inclusion/exclusion criteria (Table 6.1) and were subjected to pin-prick
blood tests using the HemoCue® 310 analyzers. The range of hemoglobin levels among these women
was 72-142 g/L. Of these, 327 were enrolled in the study i.e., showed hemoglobin levels between
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110-120 g/L (5 women were referred for immediate clinical attention as their hemoglobin levels were
less than 110 g/L and were classified as severely anemic, and 430 women were not anemic).
Therefore, the prevalence rate of anemia in this region of Cambodia (using the criteria set out in
Table 6.1) was therefore ~42.5% which is lower than expected from current published data
(Cambodian Demographic Health Survey, 2014). As a result of the lower than anticipated prevalence
of anemia, women were recruited from 18 villages (compared with the original expected list of 10
villages). The number of women recruited per village is shown in Table 6.4 and the loss-to follow
data at midline are shown in Table 6.5.
6.3.2 Anthropomorphic data
Of the 327 women recruited to participate in the study, 87/327 were underweight (BMI
<18.5 kg/m2) at baseline; 233 were within normal range (BMI 18.5 – 25.0 kg/m2) and 7 were obese
(BMI >30.0 kg/m2). The modal height of the women who participated in the trial was 1.325 m (range
1.10 – 1.45m), which means that the women were in the lowest quartile for height among women in
Cambodia (average height 1.52 + 0.096 m). The average age of the participants was 26.8 + 3.5
(mean + SD). None of the women in any of the three groups were postmenopausal. There were no
significant (p > 0.05) differences in weight, height or age among the women in the two experimental
and the control groups. The mean household size was 5.6 (5.2 mode; 2-11 range) and did not differ
significantly (p > 0.05) by treatment group.
6.3.3 Baseline data
6.3.3.1 Hemoglobin levels
Randomization of the women among the three study groups was ensured. There was no
statistical difference (p > 0.05) in the hemoglobin levels among the women in the three groups at
baseline (LIF group = 11.9 + 1.1 g/L; iron supplement group = 11.7 + 0.8 g/L; and the control group
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= 11.8 + 0.9g/L) as determined using the automated hematology analyzer in the referral hospital in
Siem Reap (Table 6.6). The HemoCue® 310 used to assess hemoglobin levels in the field at the time
of blood collection and the hematology analyzer in Siem Reap used for detailed analyses of the
complete blood counts of the samples were calibrated to ensure consistent and accurate readings. The
HemoCue® 310 was standardized against referent samples daily and the analyzer in Siem Reap is
continuously checked for accuracy against referent samples. The levels using the HemoCue® 310
were slightly but not significantly (p > 0.05) higher than the readings from the hematology analyzer
in Siem Reap. The lack of statistically significant difference between the data points obtained at
collection and after transport to the hospital in Siem Reap, suggests that transferring the blood
samples to the referral hospital for analysis of the complete blood count, there was no noticeable
degradation of the samples in transit.
All the women in all three groups had hemoglobin levels range which were below the
normal range for hemoglobin as defined by the inclusion/exclusion criteria
6.3.3.2 Complete blood count
Randomization of the women among the three study groups was successful: there were no
statistically significant differences (p > 0.05) in the baseline hemoglobin levels among the three
groups (Table 6.6). Ninety-six percent of the women in each of the three groups had hematocrits
below the normal expected range and there were no significant differences (p > 0.05) among the
groups in hematocrit values. In addition, to the presence of anemia, there were some other notable
blood cell abnormalities seen across all three groups. Sixty-seven percent of the women (range 6667%) in the study exhibited microcytic (MCV < 80 fL), hypochromic (MCHC < 320g/L) anemia, 35% of the women had elevated white blood cells counts indicative of low-grade infection with 3-5%

137

of the women with increased number of neutrophils and 19-22% of the women with elevated
eosinophils.
6.3.3.3 Iron Status
The iron status of the women was determined by measuring serum ferritin and soluble
transferrin receptor. In addition, CRP and AGP were measured to determine the levels of acute and
chronic infection, respectively, among the women. Approximately 16.6% of the women had elevated
markers for infection (7.62% acute and 9.14% chronic infection) but there were no significant
differences (p > 0.05) among the groups. Almost 30% of the women had elevated soluble transferrin
receptor levels, again with no significant differences (p > 0.05) among the groups. Serum ferritin
levels were log-transformed for analysis. At baseline, therefore, the corrected serum ferritin depleted
iron stores were 9.45%.
6.3.3.4 Hemoglobin variants
Hemoglobinopathies were present in 260/327 women (79.5%) with 19 abnormal genotypes
identified. Forty-one percent of the women with hemoglobinopathies exhibited α-Thalassemia, with
the α-3.7 gene deletion as the most common α-globin gene abnormality. Other triplicated α-genes
were present but in much lower frequencies (<1%). Hemoglobin E [β26(B8)Glu-->Lys, GAG->AAG] was the most common β-globin gene abnormality (30.3%). Although hemoglobinopathies
were common, the majority (95.1%) of the abnormalities detected were heterozygous and not likely
to be clinically significant. Other abnormalities detected included hemoglobin F (8.2%) which also
does not cause clinical conditions, hemoglobin H (12.2%) and hemoglobin CS (7.4%). The majority
(97.7%) of these abnormalities were also present in the heterozygous form. Only two cases of severe
thalassemia were present with only one case of hemoglobin H (control group) and one case of
hemoglobin E/β-thalassemia (iron supplement group) detected. Data from these women were
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excluded from the analysis among the groups. There was no significant difference (p > 0.05) in αand β-thalassemic variants among the three trials groups.
6.3.4 Midline data
6.3.4.1 Hemoglobin levels
Similar to the findings during the baseline study, the hemoglobin levels detected using the
HemoCue® 310 were not significantly (p > 0.05) different from the readings from the hematology
analyzer in Siem Reap. The lack of significant differences between the data points suggests that there
was no noticeable degradation of the samples transferring the blood samples to the referral hospital in
Siem Reap.
6.3.4.2 Complete blood count
Hemoglobin levels at the midline point (6 months) ranged from 11.4 – 12.0 g/L and 100% of
the data points for the women, in the control and iron supplement groups, were below the normal
range for hemoglobin but 94% of the women in the group using the Lucky Iron Fish™ had
hemoglobin levels below the normal range. Between 65% and 68% of the women exhibited
microcytic (MCV < 80 fL), microchromic (MCHC < 320g/L). Pair-wise analysis demonstrated that
there were no overall significant differences (p > 0.05) among the three groups for hematocrit,
hemoglobin, MCV, MCH or MCHC.
6.3.4.3 Iron Status
There were no significant differences (p > 0.05) in the measures of infection (acute or
chronic) between the two time periods for any of the three groups of women. Corrected serum ferritin
(a measure of depleted iron stores) were not significantly different (p > 0.05) between the two periods
not among the three trial groups although the corrected levels of ferritin were higher in the group
receiving the Lucky Iron Fish™ compared with baseline and the other two groups at midline.
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6.3.5 Qualitative survey on the interventions and perceived health status of participants
The women participating in the three trial groups during the first six months did not report any
changes in diet during the monthly qualitative evaluations. Shortly after completing baseline data
collection, the rainy period started (June 2015) but women reported that they continued to access well
water throughout the six months of the trial.
Ninety-one percent of the women in the group using the Lucky Iron Fish™ reported that they used
the fish more than three times a week (Table 6.6). Over the six months of the trial to date, the
proportion of women using the fish among those remaining in the trial increased and the women who
did not use the fish regularly tended to be the ones that dropped out of the trial. The principal reason
given by the women for not using the fish was the lack of time available with no-one reporting that
affect on taste was a significant factor. Even asked if there were any unpleasant side effects of using
the fish, only 10% of the women in both groups reported noticing adverse taste when cooking with
the fish (data for women who did not use the fish regularly are shown in Table 6.6 and data for the
women who used the fish regularly are shown in Table 6.7). In contrast, the women in the iron
supplement group reported considerable side effects that ranged from taste in the mouth, to nausea
and gastrointestinal upsets (Table 6.6) which were not reported by the group using the fish (Table
6.7). The majority of women (85%) used the fish when cooking soup or sterilizing water: some
(12%) used the fish when preparing other types of meals and some (3%) used the fish when preparing
soup and boiling water (Table 6.6). The women reported that keeping the fish in the cooking area,
was a reminder to use the fish regularly: among the women who reported that they used the fish
regularly, 90% reported that they kept the fish in the cooking area of the house – in contrast, the
women who did not use the fish regularly reported that they kept the fish “elsewhere” in the house
(Tables 6.6 & 6.7).
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The women in the iron supplement group were given three-month supplies of pills in blister packs.
They were asked to provide the finished blister packs from the previous period to demonstrate
compliance in taking the iron pills. Although 100% of the blister packs were returned empty 26% of
the women reported that they did not necessarily take the pills on a daily basis: they reported taking
two or three days-worth of pills at one time when they realized that they had forgotten to take the
pills.

6.4 Discussion
The principal objectives of the experiments reported in this chapter were to: (1) determine the
efficacy of two different approaches to iron supplementation on the iron status of women of
reproductive age, the Lucky Iron Fish™ versus iron pills (ferrous sulfate 18 mg/day) compared with
controls (no intervention); and (2) to explore the different hemoglobinopathies that affect women in
the region to determine whether or not their anemia is likely to be unaffected by additional iron in the
diet. In addition, the study looked at the factors that affected use of the interventions (both the pills
and the fish).
The clinical trial will continue for a 12-month period but only the midline data are in the
current chapter. There were several reasons for substantial delays in starting the trial. These included:
a lack of response initially by the National Ethics Committee in Cambodia; a decision to move the
trial to a different province; negotiation of a contract with additional partners (University of British
Columbia and the Danish Red Cross – who partly sponsored the research); and finally, challenges
coordinating between the three ethics committees who eventually had jurisdiction over the project in
Preah Vihear province, in Cambodia. As the trial started 15 months later than expected, the
submission of the PhD thesis has already been delayed by more than a year. Therefore, the midline
data only are reported in the thesis. Full analysis will be conducted after endline.
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As anticipated, there was a loss-to-follow up throughout the study. Most of the women who left
the trial either moved away from the study area (usually to find work), or decided that they no longer
wanted to participate in the trial because they were afraid of needles or became pregnant (Table 6.5).
As the harvest season progressed, a number of women chose to stay in the field and work rather than
take the time to attend the health clinic but it is possible that their decision to stay away might have
been related to fear of blood sampling rather than their need to work. One woman died suddenly
during the first few weeks of the trial. This unexpected event was reported to the various Ethics
Committees but no action was taken: the likely cause of death was probably the relatively high
burden of tuberculosis in the region (Local public health worker: personal observation). As a
precaution when this tragic event occurred, the encoded baseline data was broken by the principal
investigator and the results screened to see if there were any women in the trial with levels of CRP or
elevated white blood cells counts that might suggest that they were seriously ill. Three women were
identified with elevated blood parameters that were indicative of a serious infective response and
these women were advised to seek medical attention. (The project paid for their transport to the
nearest health clinic). There were, however, no long-term negative health outcomes for these women
and their data were included in the final analyses.
There was a relatively high burden of acute and chronic infection among the women in the
study: with approximately 7.6% of women showing evidence of acute infection (elevated CRP
levels) and a further 9.1% of women with chronic infection (elevated AGP levels). The data are
shown in Table 6.8. There were, however, no differences between the burden of infection among the
two experimental groups and control. The findings of a relatively high burden of infection among
women in rural communities are consistent with reports from other studies in Cambodia (Carnley et
al., 2006; Fucharoen et al., 2003; George et al., 2012; Karakochuk et al., 2015b). It is known that
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there is a considerable prevalence of serious health infections including tuberculosis, malaria and
HIV as well as respiratory and other infectious agents among people in the rural villages in
Cambodia (Karakochuk et al., 2015b).
Understanding the prevalence of anemia in South-East Asia is changing (Charles et al., 2012a;
WHO 2001; 2008): originally seen predominantly as iron deficiency anemia, data are emerging to
suggest that the majority of anemic cases in South-East Asia may be caused by hemoglobinopathies
(Carnley et al., 2006; Fucharoen et al., 2003; Hundrieser et al., 1988; Karakochuk et al., 2015b;
Sanguansermsri et al., 2011; Weatherall & Clegg, 2001). However, the relative importance of the
different types of hemoglobinopathies to clinical disease is also not clear (Carnley et al., 2006): in
some reports the majority of the abnormal genotypes are deletions of the α-3.7gene or hemoglobin E
which are taken to be not clinically significant and most of the gene abnormalities, even the variants
that can result in serious clinical disease are present in carrier-state only (Carnley et al., 2006;
Fucharoen et al., 1997). It is suggested that the infants with homozygous expression of the more
serious types of gene abnormalities either die from complications associated with thalassemia or an
inability to withstand other diseases in the country (Carnley et al., 2006; Steinberg, 2001). Whether
or not the carriers are anemic due to the gene abnormalities or whether they are more likely to be at
further risk if iron intake levels are low is not clear.
Results from the assessment of hemoglobin variants in Preah Vihear, reported in the current
chapter, support findings from work in Siem Reap (Carnley et al., 2006) but differ from somewhat
from reports of studies Prey Veng (Karakochuk et al., 2015b). These differences may reflect regional
population differences: Preah Vihear is closer to Siem Reap and the regional topography is more
similar for these two areas. The overall prevalence of hemoglobinopathies in Preah Vihear was very
high: almost 80% of the women in the three study groups exhibiting abnormalities. Although 19
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different abnormalities were identified, the majority of the variants were either α-globulin
abnormalities (41%) or hemoglobin E β-globulin abnormalities which are not likely to be clinically
significant (Carnley et al., 2006). Moreover, the majority (97.7%) of the variants were carriers for the
gene abnormalities and only two cases of severe thalassemia were reported among the women in the
study: these two individuals were homozygous for the condition. The present analysis did not extend
to gene frequency assessment but the large proportion of carriers is similar to other reports (Carnley
et al., 2006; Hundrieser et al., 1988; Steinberg, 2001). Taken together, the majority of non-clinically
relevant hemoglobinopathies and the low occurrence of severe thalassemia suggests that at least the
women in Preah Vihear may benefit from adventitious sources of iron or perhaps more importantly
that providing additional iron might not predispose the women in the study to iron toxicity
(Fucharoen & Winichagoon, 1987; Greer et al., 2009; Rees et al., 1998).
Data derived from the complete blood count in the current experiments showed that there were
no significant (p >0.05) differences between the parameters in the two experimental (Lucky Iron
Fish™ and iron supplements) groups at baseline compared with controls. All three groups showed a
slightly elevated white cell count and neurophilia (presumably reflective of the prevalence of acute
and chronic infection in the women), a reduction in red blood cells (one of the principal criteria for
participation in the study was anemia: 10-12 g/L) and a slight eosinophilia (likely due to parasitic
burden). The majority of the women had microcytic, microchromic anemia which would be typical of
iron deficiency anemia but it could also be due to abnormal variants of hemoglobin preventing the
women from producing either sufficient numbers of red blood cells or cells containing lower amounts
of hemoglobin (Gibson, 2005). There were no significant (p >0.05) changes in any of the blood
parameters at midline compared with baseline in any of the groups. The lack of significant difference
in the hemoglobin levels at 6 months in the groups receiving either of the interventions is similar to
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the findings reported by Charles et al. (2015) who only saw significant change by 9 months of
consistent use of the fish. It may also be because the majority of women use aluminum pots for
cooking in this region (GR Armstrong, personal observation). Aluminum is lower on the reactivity
series that iron and it is possible that aluminum oxide could enter the cooking water rather than iron.
In contrast, only about 10% of women in Kandal used aluminum pots (see Chapter 3) and previous
success with the Happy Fish was reported in Kandal (Charles et al., 2015).
Serum ferritin is a marker of body stores of iron (Gibson, 2005) and serum ferritin is commonly
used to determine iron status (Northrop-Clewes & Thurnham, 2013; Pasricha et al., 2010). However,
the cut-offs used to determine whether an individual is iron deficient or not vary. For example, the
WHO (Gibson, 2005; WHO, 2001; 2011) suggest that concentrations less than 15 µg/L indicates iron
deficiency but others suggest that less than 30 µg/L is more appropriate (Mast et al., 1988; Pasricha et
al., 2009). In the current study, the more commonly accepted practice of serum ferritin <15 µg/L
were taken to indicate iron deficiency. However, levels of serum ferritin can be influenced by other
factors: e.g., ferritin levels fall in pregnancy due to hemodilution (WHO, 2007) or can be elevated in
specific diseases (WHO, 2007; Zimmerman, 2008; Thurnham et al., 2010; Thurnham & McCabe,
2012; WHO, 2011). Pregnant women were excluded from the current study for ethical reasons: the
imperative of providing women with the accepted standard of care (iron supplements) was a
condition of the National Ethics Committee in Cambodia. In addition, the daily iron requirement for
pregnant women and non-pregnant women of reproductive age is different. To adjust ferritin levels
for the possibility of false elevations, data were collected in the current study on the presence of acute
and chronic inflammation (CRP and AGP levels respectively). Although use of these corrective
measures for biomarkers of iron status has been analyzed in a meta-study carried out by Thurnham et
al. (2010) and shown to be effective in a number of populations, it is not known whether these
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correction factors accurately reflect iron status in populations with a high prevelance of hemoglobin
disorders (Fuchareon & Winichagoon, 2011; George et al., 2012; Karakochuk et al., 2015c). Such
disorders are known to increase ferritin and soluble transferrin receptor values and increased
erythropoiesis (such as in parasitic infections) may artificially elevate the transferrin receptor
(Menendez at al., 2001; Uaprasert et al., 2009).
Finally, the qualitative data collected from the women in the clinical trial, suggest that
compliance rates for using the Lucky Iron Fish™ are relatively high (90+%) by six months. These
data are similar to the findings reported by Charles et al. (2015) in a study in Kandal province. They
are substantially higher than reports on compliance for iron supplements at 32-50% (Cambodian
Demographic Health Survey, 2014; Lacerte et al., 2014). In the current study, the women in the iron
supplement group were required to demonstrate that they had taken the pills by providing the empty
blister packs at the three-monthly checkups however, many of the women reported that they did not
take the pills consistently. Moreover, the majority reported unpleasant side effects from the pills
which could reduce compliance when they are not being so closely monitored. In contrast, the
women in the Lucky Iron Fish™ group did not complain of unpleasant health side effects nor a
significant impact on the taste and appearance of the food or water that they prepared with the fish.
Moreover, the women in the fish group reported less frequent headaches and reduced occurrence of
fainting per week.
Almost 80% of the women in the study villages exhibited some type of hemoglobin gene
abnormality. Although most of these cases were heterozygous carriers for the variants and the
majority of gene abnormalities were considered not to be clinically important, the impact of these
hemoglobin disorders on iron status and the possible impact of the fish remain to be established at
endline and should be further investigated.
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Table 6.1 Inclusion/exclusion criteria for clinical trial

Inclusion Criteria

Exclusion Criteria

The women was head of household

Women who were participating in/receiving
another nutritional supplement

Aged 15-49 years

Participants identified with severe anemia (Hb
<100 g/L)*

Self-reported as healthy

Participants with HB >120g/L

Able to provide informed consent

Participants who are not able to provide consent

Willing to provide a fingerprick of blood and
three samples of blood during the 12 months

Participants who are pregnant or lactating (selfreported)

No plans to move out of area for 12 months

*In carrying out the baseline assessment, it was deemed ethically unacceptable to enrol a woman in
the trial who was severely anemic (hemoglobin <100 g/L) – these individuals were immediately
referred to medical help to ensure that they would receive treatment. The data from women who
became pregnant during the trial were removed from the analysis
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Table 6.2 Mitigating strategies and factors included/required in the experimental design
Specific factor / strategy required

Experimental consideration

Regulatory requirements and strategies
The National Nutrition Council of Cambodia
(working group under the Ministry of Planning)
requires nutrition education with every
intervention/clinical trial. The nutrition
education must include advice on dietary
diversification to encourage iron absorption

Nutrition education was provided to all three
experimental groups at baseline and endline
provided by the enumerators. At the monthly
compliance check-ups reference was made to
adequate nutrition.

The local Public Health Department in Preah
Vihear expressed concern that the clinical trial
program did not take advantage of testing
women at baseline and endline for evidence of
malaria.

This was not included in the study protocol but
advice on malaria awareness and education on
approaches to prevention was provided at baseline
by the enumerators. The clinical team engaged in
the trial were not trained nor equipped to address
the issue, plus women enrolled in the study would
conceivable catch malaria at any stage during the 12
month trial and it would pose a challenge to the
experimental design to include or exclude women
infected with anemia during the trial. Therefore,
during baseline data collection, the women were
provided with malaria education awareness training
and reminded to seek help from the regional Public
Health Office at the first signs of disease

The Government of the Kingdom of Cambodia
A three-arm clinical trial was carried out to include
through the National Nutrition Council has
the use of the Lucky Iron Fish™, iron supplements
established a series of national guidelines on iron and a placebo for the iron supplements.
supplementation. Currently, these refer
exclusively to the use of iron pills. If the Lucky
Iron Fish™ were to be accepted as an additional
or replacement strategy it will be necessary to
show that the fish is at least as effective as iron
pills at alleviating the condition.
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Table 6.2 (continued): Mitigating strategies and factors included/required in the experimental
design.

Specific factor / strategy required

Experimental consideration

Experimental design considerations
Restricting variation among the women included
in the experimental design. In previous trials,
women were selected at random from villages in
Kandal province. Among the sample it would
expected that women with mild to moderate iron
deficiency and iron deficiency anemia would be
included in the groups.

Although there is an argument for proposing that it
is just as important from the perspective of health
and income-earning capacity to address iron
deficiency, the current clinical trial was limited to
women who were defined as mild to moderately
anemic.

Reducing the potential of concomitant disease
confounding interpretation of the results.

Women accepted into the clinical trial at baseline
were treated with a anthelmintic to eliminate the
possibility of hook worm infestation during the 12
month trial. Reference of strategies against malaria
is provided above

Presence of hemoglobinopathies. There are a
number of hemoglobinopathies among people in
south-east Asia, especially Cambodia. In some
areas in Cambodia, there is a suggestion that the
majority of anemia might be caused by
hemoglobinopathies not iron deficiency.

As part of the experimental protocol, sufficient
blood was drawn to be able to carry out typing of
the blood for the various specific
hemoglobinopathies. The final results on the blood
and stored levels of iron will be analyzed including
these disease states to explore whether or not
adding iron to the diet of patients affected in this
way affects their iron status.

Concomitant generalized infection: the systemic
response to infection is to increase circulating
levels of serum ferritin which provide false
positive results. Although previous work
excluded this possibility based on detecting the
presence of a marker for inflammation (Creactive protein), more recent evidence suggests
that more extensive tests should be carried out to
eliminate further the presence of non-specific
infection (See Chapter section 4.6).

Two tests to exclude participants with the prospect
of concomitant non-specific infection were carried
out to identify two different acute phrase proteins :
C-reactive protein (CRP) used as a marker of acute
infection and α-1-glycoprotein (AGP) used as a
marker of chronic infection.
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Table 6.3 Composition of the iron supplement tablets used in the clinical trial

Ferrous sulfate tablets (Size 1 white capsule)
Ingredient

Amount (mg/capsule)

Iron (ferrous sulphate) 18mg

56.9

MCC102

263.2

Magnesium stearate

4.9
Total amount

325.000
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Table 6.4 Participation of women from villages in Preah Vihear for the clinical trial

Village

Number of women

AnLong Svay

31

Boh

10

Boh Prey

22

Chamboat Paem

10

Chamlong

14

Dong

45

Kouk Ampil

23

Ou Pou

12

Ou Talaok

9

Pal Hal

17

Romcheck

22

Rovieng Cheung

9

Sangkayrung

15

Sraythom

22

Thnal Kaeng

28

Thnal Kaong

10

Tnaot Mlu

10

Toul Rovieng

20

* All the women in each village were approached to participate in the study. Women who
agreed to participate and met the inclusion/exclusion criteria were allocated in order to one
the three arms of the trial in succession during the recruitment period. Women from the same
household were not included in the trial.
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Table 6.5 Loss to follow up during the trial

Month

Number remaining

Reason for loss

GROUP 1: LUCKY IRON FISH™ (n = 109 at start)
May 2015

109

June 2015

106

1 pregnant, 1 passed away*, 1 moved
away

July 2015

104

1 severe case TB, 1 moved away

August 2015

103

1 moved away

September 2015

101

1 pregnant, 1 afraid of blood test

October 2015

99

3 pregnant

November 2015

93

1 moved away, 1 slept at field

GROUP 2: IRON SUPPLEMENTS (n = 109 at start)
May 2015

109

June 2015

108

1 moved away

July 2015

105

3 moved away

August 2015

104

1 pregnant

September 2015

103

1 pregnant

October 2015

102

1 pregnant, 2 afraid of blood test

November 2015

93

5 slept at field, 2 moved away, 2 pregnant

GROUP 3: NUTRITION EDUCATION ONLY (n = 109 at start)
May 2015

109

June 2015

108

1 moved away

July 2015

106

2 moved away

August 2015

106
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September 2015

105

1 pregnant

October 2015

104

3 pregnant

November 2015

94

2 moved away, 5 slept at field, 3 afraid
blood test

Baseline data highlighted in yellow, midline data highlighted in blue
Table 6.6 Results of the questionnaire for women who do not use the fish regularly.

Question

Response

How often do you use the fish?

Less than once a week 90%
Once a week
10%
2-3 times a week
4-6 times a week
Every day
-

Why don’t you use the fish?

I don’t have time
Forget to use
Makes extra work
Has side effects
Affects taste

70%
10%
10%
10%
-

Does the fish affect the taste of the food or All the time
water?
Some of the time
No

0%
10%
90%

Where do you keep the fish?

In the cooking area
In a cupboard
Elsewhere

0%
30%
70%

Are there any unpleasant side effects
using the fish?

Food/water tastes iron
Makes me feel unwell
Iron taste in mouth
10%
Colours my stools
Makes me constipated Makes stools loose
No effects
-

153

154

Table 6.7 Results of the questionnaire for women who use the fish regularly.

Question

Response

How often do you use the fish?

Less than once a week 2%
Once a week
3%
2-3 times a week
3%
4-6 times a week
12%
Every day
82%

When do you use the fish

Cooking food
Cooking soup
Boiling water
Food & water

12%
52%
33%
3%

Does the fish affect the taste of the food or All the time
water?
Some of the time
No

0%
10%
90%

Where do you keep the fish?

In the cooking area
In a cupboard
Elsewhere

90%
9%
1%

Do you feel any different when you are
using the fish?

No different
Sometimes better
Better all the time
Sometimes worse
Worse all the time

28%
45%
19%
8%
-

Are there any unpleasant side effects
using the fish?

Food/water tastes iron 5%
Makes me feel unwell
Iron taste in mouth
5%
Colours my stools
Makes me constipated Makes stools loose
No effects
90%
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Table 6.8 Results of the questionnaire for women in the iron pill group

Question

Response

How often do you take the tablets?

Less than once a week
Once a week
5%
2-3 times a week
12%
4-6 times a week
57%
Every day
26%

If you do not take the pills ever day, do
you take extra pills to make up for the lost
days?

Yes
No
Don’t know

94%
4%
2%

Where do you keep the pills?

In the cooking area
In a cupboard/drawer
Elsewhere

2%
83%
15%

Do you feel any different when you are
using the fish?

No different
Sometimes better
Better all the time
Sometimes worse
Worse all the time

42%
22%
16%
15%
5%

Are there any unpleasant side effects
using the fish?

Makes me feel unwell
Iron taste in mouth
Colours my stools
Makes me constipated
Makes stools loose
No effects

31%
29%
27%
1%
3%
9%
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CHAPTER 7: Preparing for commercializing the iron fish
7.1: Introduction
This Chapter provides information on early phase preparations to scale-up the production and
distribution of the iron fish. The data presented are not necessarily directly relevant to the basic
science research associated with my PhD thesis but they provide background information that was
important for the development of the business plan and highlights some of the decisions and
challenges faced during the process. Chapter 6 also provides a useful repository of the background
information on the project.
Dr. Christopher Charles (Charles, 2012b) designed the original fish, which he referred to as
the Happy Fish. Research on use of the Happy Fish was published (Charles et al., 2012a) so the fish
could not be protected by patent or trademark. The first step, therefore, was to develop a version of
the fish that could be legally protected to avoid fraudulent mimics. Redesign of the fish provided an
opportunity to address some of the feedback from the original users about improving the appeal and
strength of the Happy Fish and improving some of the features that might lead to a more effective
release of elemental iron in a consistent manner.
Chapter 6 details the feedback from past users, the redesign of the fish, decisions on the patent
and trademark process, development of packaging for the Cambodian and International markets, the
development of marketing, advertising and educational materials, and the efforts to source reliable
and consistent production of the fish including quality control and safety assurance processes.
7.2 Redesign of the iron fish
The original trials on use of the Happy Fish took place in six villages in rural Kandal Province,
Cambodia. The first trial was conducted from September 2008 to February 2009 and the second trial
was carried out from June 2010 to June 2011. Although results in the first three months of the first
trial looked successful, it is likely that contamination of the water source confounded the end results
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(Charles et al., 2011b). However, the second and longer trial was successful – by the end of the study
period there were significant improvements in the iron status of the women and 94% of the women
reported using the fish at least three times a week. Working on the basis that in the exit interviews
many of the women indicated that they would likely continue to use the fish, the women from the
second trial offered a potential source for feedback on long-term use of the fish, however no records
were available on the original participants in either study.
7.2.1 Feedback on the design of the Happy Fish
During the demographic survey of households in rural villages in Kandal (see: Chapter 5),
several women reported knowledge of the Happy Fish trials and were invited to participate in a focus
group to provide feedback on the features of the fish that were attractive or detracted from its use. In
total eight women participated in the focus group that was moderated by a native Khmer speaker.
None of the women who participated in the group were still using the Happy Fish.
Positive features reported included: the shape and size; the smile on the fish; ease of use; and
relative ease of cleaning (although some complained at the speed with which the fish rusted if it not
dried completely after use). Features that detracted from the long-term use of the fish included: loss
of features on the surface including the smile and eye; tendency to rust which discoloured food or
water; fragility of the fish after long-term use (two women reported that after a year the fins and tail
broke off if the fish was dropped); lack of a container for the fish (all of the women had kept the fish
in the cooking area of the household but would have liked a container to “keep the fish safe”); and
the name of the fish. (Khmer is an additive language with a relatively limited vocabulary. Many
objects are described literally using their physical characteristics to create phrases to describe the
object. There is nothing on the surface of the Happy Fish that indicates its name so the women
referred to it by names such as the “heavy black fish” or “the heavy fish”).
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Reasons for ceasing to use the fish included: rusting; breaking of fins or tail; discolouration of
the food or presence of an iron taste of soup or water after cooking with the fish (the women implied
that over time, the fish seemed to discolour the food more than when they first started to use the fish
and that cooking with the fish was more likely to result in an iron taste to the cooked soup or water –
however on further questioning it became apparent that they had forgotten to remove the fish from
the boiling liquid after 10 minutes); and greater tendency to rust with long-term use (although the
women acknowledged that over time they were less careful about cleaning and drying the fish after
each use).
The women were asked to offer suggestions about how the design of the fish or instructions
for its use could be improved. Their suggestions included: making the fish stronger; improving the
appeal of the fish (they described this as “brightening the look of the fish” or “making the fish more
lively”); providing a consistent name for the fish; providing information on how to use the fish (the
women reported that it would be helpful to have reminders about how to cook, clean and care for the
fish); and providing a container to store the fish when it was not being used.
7.2.2 Branding the iron fish
Working with a social marketing firm in Phnom Penh, 17Triggers, who in turn worked with
focus groups to test options for redesign and branding, the features on the surface of the fish were
improved – the smile was deepened and widened, more detail was included in the fins, tail and
surface marking, and the Khmer symbol ‘loar’ meaning ‘good’ embossed on one of the convex faces
of the face. (On the obverse face, a batch number was included in the mold to ensure that the fish
could be tracked during the quality and safety assurance processes – see later). The new fish was
branded as the Lucky Iron Fish™. A comparison of the Happy Fish and the Lucky Iron Fish™ is
shown in Figure 3.1.
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Branding also included the development of a stylized logo (Figure 7.1), educational material
that was mostly pictorial (see examples of educational material in Appendix 10) because many of the
women in rural villages are illiterate, a container to distribute and store the fish (a palm-leaf box for
the domestic market [Figure 7.2] and a studier box for the international market [Figure 7.3]), training
materials for the sales team to explain how to use the fish (Appendix 10), and a travelling road show
on appropriate use of the fish and the importance of adequate and varied diet.
7.3 Patenting and trademarking process
To protect the fish in the commercialization process, it was important to patent and trademark
the fish to avoid fraudulent mimics. Unfortunately, data on the original design – known as the Happy
Fish – were published before the fish was protected. In addition, the Happy Fish was created from
recycled cast iron so there was no specific formulation that could be protected in law. Therefore, the
current version of the fish was redesigned and branded as the Lucky Iron Fish™ but it was still
formulated from recycled iron. Nevertheless, it was protected by a design patent in Canada, America,
Asian, Europe and the Australasia. The sketches used to establish a design patent are shown in Figure
7.4. The patent allowance is shown in Appendix 11.
7.4 Safety assurance and quality control
To ensure that the Lucky Iron Fish™ is safe to sell and use and maintain the brand, it was
important to develop safety assurance and quality control processes. During the four years of the PhD
program, two different production facilities were used (See Chapter 8) so two different safety
assurance and quality control processes were developed.
The principles underlying the safety assurance process included: (1) the adoption of the
international standards to protect food safety in the Codex Alimentarius Commission of the United
Nations in ensuring that the product is safe to use regularly; (2) that there was a standard process to
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ensure that iron leaches from the Lucky Iron Fish™ in a consistent and reliable amount; and (3) that
there was a quality assurance process to ensure consistency of the brand.
7.4.1 Safety assurance processes in Cambodia
The fish produced in Cambodia were manufactured at the Ly Yi Iron and Aluminum Foundry,
Phnom Penh. The foundry does not have facilities for testing the safety of the source iron or the
manufactured fish, so a safety assurance process had to be developed.
The Codex Alimentarius advocates the adoption of Hazard Analysis and Critical Control Point
Process (HACCP) for safety assurance of food-related products. This is an internationally recognized
systematic process based on seven principles or dimensions. The overall HACPP plan for the Lucky
Iron Fish™ is shown in Figure 7.5.
Principle 1: Hazard analysis. Hazard analysis identifies the points at which contamination of adverse
events might occur that would render the fish or the metals (iron) leaching from the fish hazardous to
the consumer. This includes aspects of the production, storage, distribution, sale and consumption of
the product. As the Lucky Iron Fish™ is basically inert, it is unlikely to attract surface contamination
once it is produced but the critical hazards might occur from: (1) the source of the metal from which
the fish are produced; (2) introduction of contaminants during the melting and casting process; (3)
inadequate release of iron from the ingot during the cooking process; and (4) the potential that the
consumer may be sensitive to too much iron in the diet.
Principle 2: Identification of critical control points. Critical control points represent steps where loss
of control could affect the safety and/or brand of the fish. Examples of critical control points include:
(1) selection of the source of iron to produce the fish; (2) the melting and casting process; and (3)
ensuring safe and effective used of the fish.
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Principle 3: Establishing measures to ensure safety. These measures for the Lucky Iron Fish™
include: ensuring that the levels of heavy metal contamination is significantly lower than the
international standards determined by the World Health Organization (See: Table 6.1) and that the
packaging is clearly labeled to warn users of the potential health hazards of using the Lucky Iron
Fish™ if the consumer suffers from a condition known as hemochromatosis16.
Principle 4: Monitor the actions taken at the critical control points. A set of standard operating
procedures was established for each stage of the production process and the processes audited
regularly to ensure compliance with the processes.
Principle 5: Protocols for corrective action. There are three critical aspects of the quality control
process for the Lucky Iron Fish™. The first is safety assurance – effectively, it is vital to demonstrate
that there are no contaminants in the source iron or the fish once they are produced. The likely
contaminants include heavy metals and arsenic: presence of any of these would be detrimental to
human health and a standard Lot Sampling Acceptance Protocol was used for quality assurance. Lot
Sampling Acceptance Protocols are recommended under three conditions: (a) when the testing is
destructive; (b) the cost of 100% inspection is high; and (c) 100% inspection would take too long.
The testing process for the fish fulfills are three criteria: in order to test the external and internal
surfaces of the source iron or the fish the metal objects have to be broken to expose the internal
surface. It would also be too costly and counterproductive to test every fish produced. The standard
set for acceptance of each lot tested, was confirmation that none of the samples tested showed levels
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Hemochromatosis is a condition that occurs in two distinct forms: the more common hereditary form (hereditary
hemochromatosis – HHC) or the increasingly uncommon form that can be acquired during life usually due to repeated
transfusion of blood (Hider & Kong, 2013). The hereditary form, originally thought to be a single genetic mutation
(Patterson and Runge, 2006), is now known to occur through a variety of other genes as well (Mendes et al., 2008;
Pietrangelo, 2005). However the condition is rare because the penetration of the gene is very low and the frequency of the
homozygous state is 5 in every 1000 people in North America and Europe (Beutler, 2006) . It is principally found in
people of Celtic and Norse decent where, within populations that are entirely of either Celtic or Norse decent have an
incidence of 1% (Wertheim, 2013). Hemochromatosis is therefore primarily restricted to Europeans or to the European
diaspora. It has not been reported in Cambodia.
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of contamination that were higher than one order of magnitude less than the minimal acceptable
standard determined by the World Health Organization. If a batch was rejected, then the source iron
or the fish were melted down and re-cast into iron tools.
Principle 6: Verification of critical control point measures. To achieve this principle, two levels of
tests were applied. Routinely, the first line of tests was carried out on every batch in partnership with
the Royal University of Phnom Penh Cambodia. Verification of the results from the laboratory in
Cambodia was completed by repeating the same tests on a smaller sample of fish (n = 7) chosen at
random from each batch at an independent laboratory. Laboratory Services Division at the University
of Guelph carried out this audit process. Less than 10% variance in results from the two laboratories
was deemed acceptable. In practice no difference in the data generated by the two laboratories has
been observed in the four years of testing.
Principle 7: Documentation of action at control points. Adequate record taking and keeping and
traceability of the batches of fish that are produced is vital to the success of a safety assurance
program. Records on the testing of the fish are stored at the two independent sites where safety tests
are performed (See: Principle 6). Each batch of Lucky Iron Fish™ that is produced is marked with a
serial number to ensure traceability.
7.4.2 Sampling and lot sampling protocols for fish produced in Cambodia
Both the source of iron used to produce the fish and the fish, once they have been produced,
are tested for quality and safety in Cambodia. Two levels of testing were adopted because iron ore
and pig iron in Cambodia is significantly contaminated with arsenic (personal observation: GR
Armstrong, 2011-14). The only source of iron that is reliably free of arsenic appears to be imported
iron. Nevertheless, the metal working operation where the fish are produced collects scrap iron from
a variety of sources and it is possible that some of the material could be contaminated. The source
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iron is stored in heaps in the factory (Figure 7.6). Once the iron is melted in a wood-fired smelter
(Figure 7.7), the molten iron is poured into sand molds (Figure 7.8). The result is eight fish connected
to a central spigot (Figure 7.9). These fish have to be cut away from the spigots and the surface
polished by hand to remove blemishes (Figure 7.10). The sand molds are laid out over the factory
floor in a grid pattern (Figure 7.11). This grid pattern is used to select the sample of fish that will be
tested for contaminants.
The number of fish that are sampled for each batch of molten iron is calculated using standard
sample-size calculations for acceptance sampling. Two types of acceptance sampling were applied:
Lot Acceptance Sampling was used to ensure that there was no risk of contamination among the fish
that were produced.
The concept of Lot Acceptance Sampling was originally developed to test the production of
bullets and other forms of ammunition during the Second World War described by Dodge (1969).
The principle that lies behind lot acceptance sampling is that a percentage acceptance rate of faults is
pre-determined for each batch: if the number of faults in the sample-size exceeds the proportion
acceptable, the whole batch is rejected. Based on standard sample size calculation, one in twelve fish
was taken and sampled to determine (1) the percentage of elemental ferrous iron in the fish; (2) the
release of iron after boiling in acidified water for 10 minutes; (3) the possible presence of
contaminants that might also be released in the cooking process. The acceptable standards for these
three measures are provided in Tables 7.1 & 7.2. Any batch failing to meet these criteria was rejected.
7.4.3: Sampling procedures for Lucky Iron Fish™ in Canada
Lucky Iron Fish™ that are produced in Canada are manufactured Bowmanville Iron Foundry
in Bowmanville, Ontario, Canada. This company produces waffle irons for the North American
Market and produces the Lucky Iron Fish™ on contract to Lucky Iron Fish Inc. The company is
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bound by Health Canada regulations to test the source of the iron and meet the international minimal
levels of heavy metal contamination determined by WHO (Table 7.1). The company is ISO 2012
compliant and inspected regularly to ensure compliance. On-site mass spectroscopy is used to test the
source iron but the sampling procedures and standard operating procedures are proprietary and
confidential.
The company tests for the presence of the elements listed in Table 7.1 with the exception of
Antimony, Aluminum, Beryllium and Lead. In addition, they also determine the ferrous and ferric
iron content of the iron that they use. The omission of lead in the testing procedure, whilst not
required by Health Canada, still poses a potential threat to the safety assurance process for Lucky Iron
Fish Inc., therefore in the audit process, where samples of fish are independently tested for potential
contaminants, the lead content of the Canadian fish is also tested. To date no detectable levels of lead
have been found in the batches of fish made in Canada.
7.5: Safety labeling in Canada
Health Canada requires that the packages containing the fish sold through the Canadian
business must carry health warnings. The only possible concern might be that individuals who are
suffering from hemochromatosis (an inability to remove iron from the body) would be at risk.
Hemochromatosis is a condition that occurs in two distinct forms: the more common hereditary form
(hereditary hemochromatosis – HHC) or the uncommon form that can be acquired during life usually
due to repeated transfusion of blood (Hider & Kong, 2013). It should be noted that more effective
management of blood transfusions, especially in North America, in the past five years has been
associated with a marked decline in acquired hemochromatosis (Hider & Kon, 2013). The hereditary
form, originally thought to be a single genetic mutation (Patterson and Runge, 2006), is now known
to occur through a variety of other genes as well (Mendes et al., 2008; Pietrangelo, 2005). However
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the condition is rare. It is principally found in people of Celtic and Norse decent where, within
populations that are entirely of either Celtic or Norse decent have an incidence of 1% (Wertheim,
2013). Hemochromatosis is therefore primarily restricted to Europeans or to the European diaspora.
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Table 7.1: Minimal acceptable levels of contamination for the Lucky Iron Fish™
Element

WHO minimal
standard*17

EPA
standard*18

Minimal
Detection
Level (MDL)19
(ppm)

Standard used
for Lucky Iron
Fish™**
(ppm)

(ppm)

(ppm)

Aluminum

0.005

0.006

0.0036

0.005

Antimony

0.02

0.06

0.0006

0.0007

Arsenic

0.01

0

0.004

<MDL

-

0.004

0.00004

<MDL

Boron

0.05

-

0.044

0.05

Cadmium

0.003

0.005

0.0002

<MDL

Chromium

0.05

0.1

0.0036

<MDL

Cobalt

-

-

0.0004

<MDL

Copper

2.0

1.3

0.53

<MDL

Lead

0.06

0.5

0.066

<MDL

Manganese

0.4

-

0.003

0.03

Mercury

0.006

0.002

0.00006

<MDL

Molybdenum

0.003

0.003

0.0024

0.001

Nickel

0.07

-

0.015

<MDL

Selenium

0.01

0.05

0.0005

<MDL

Tin

-

-

0.004

<MDL

Titanium

-

-

0.0005

<MDL

1.0

-

0.29

<MDL

Beryllium

Zinc

* Level of contaminant should not exceed the minimum level of contamination
** Note: that the standards used for the Lucky Iron Fish™ were more strict than either minimum
standards recommended by WHO or EPA.

17

World Health Organization (2008). Guidelines for drinking-water quality – Addendum to Third Edition: Available at:
http://www.who.int/water_sanitation_health/dwq/gdwq0506.pdf Accessed February 7, 2015
18 Environmental Protection Agency (2009). Drinking water contaminants. Available at:
http://water.epa.gov/drink/contaminants/index.cfm Accessed February 7, 2015
19 Laboratory Services Division, University of Guelph
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Table 7.2: Safety and quality assurance metrics for Lucky Iron Fish™

Acceptable standard

Percent elemental
iron

Iron release after 10
minutes boiling

Levels of potential
contaminants

<82% ferrous iron

>55 µ/mL iron

See Table 6.1
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Figure 7.1 The stylized logo for Lucky Iron Fish™

The Lucky Iron Fish logo was designed specifically to appeal to a Cambodian market. Influenced by
the huge popularity of cartoon characters like Hello Kitty and Angry Birds that are found on
Cambodian apparel. The intent was to design a logo that was memorable and delightful for the
consumer.
The fish character design is made up of two heart shapes, one at the head and one at the tail. These
are subtle design features including colour scheme that represent good health, and the love of
Cambodia and it’s people for whom the project is intended.
The Fish also carries a Cambodian word ‘Laor ‘

which translates to ‘Good’, which is an

assurance of quality, for the Cambodian people to trust and believe in.
(designed in collaboration with Paul Sweeting at 17Triggers)
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Figure 7.2 Cambodian packaging for the Lucky Iron Fish™

As part of the social and environmental commitment, I wanted to have our domestic packaging made
could be made locally from recycled material, but these efforts are actually seen as a negative
attribute for rural Cambodians. To the villagers, recycled material meant it was made from garbage,
and locally made meant it was cheap and not of high quality. I found a cooperative, Watthan Artisans,
that could make the packaging from fallen palm leaf: a type of packaging that is commonly used in
rural settings. In this way the packaging was appealing to the villagers but fulfilled my requirements
to be made locally from recycled material. Watthan Artisans Cooperative hires local Cambodian
women, many of whom have disabilities or injuries from landmines.
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Figure 7.3 International packaging for the Lucky Iron Fish™

The international packaging for the Lucky Iron Fish™ was produced through Friends International,
an NGO located in Phnom Penh. The box, which is sturdier than the palm leaf boxes for the domestic
market, is made from recycled Khmer newsprint. There is a fish net inside the box for storage and the
internal colours of the box reflect the national colours of Cambodia (red and blue). Friends
International employs at risk youth who have either been sex workers or are recovering drug and
alcohol abusers. Using this NGO as a production partner contributes to the B-Corp certification
process.
The design and components of the package were attractive to international clients and received a
number of commendations for socially- and environmentally-sensitive design. However, one
challenge emerged during distribution of these boxes. The Khmer newsprint was not checked before
use and occasionally articles appeared on the covers of the boxes which might have been offensive or
inflammatory to potential users.
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Figure 7.4 Drawings for the design patent for Lucky Iron Fish™

A

B
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C

D

E
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F

G

A series of seven (A-G) drawings of the Lucky Iron Fish™ that formed the submission for design
patent that was filed in the US and Canada. Drawing A shows one of the two lateral surfaces: note
the batch serial number on the side. The drawing is slightly angled to show the depth of the smile
which is important to indicate the life-span of the fish. It is not possible to date the fish because
Cambodians use a lunar calendar and life-span depends on use. Drawing B is a true lateral view of
the fish showing the surface features including the detail of the eye, smile, dorsal and ventral fins and
the tail. Drawing C shows the obverse lateral face with the Cambodian word “Laor” which means
“good”. Drawings D & E show the front and rear view of the fish, highlighting the convex shape
which is important for ‘flutter’ during cooking to maximize release of iron from the surface.
Drawings F & G are the dorsal and ventral views of the fish showing the details of the dorsal and
ventral fins.
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Figure 7.5 HACPP Plan for safety assurance of the Lucky Iron Fish™

1.

Identification of principal hazards

2.
Contamination of
source iron

3.
4.

Contamination of fish

Less than minimal contamination
standards (See: Table 5.1)

Inappropriate release
of iron

Between 65-85%
daily required iron
requirement

Yes

NO

Yes

Accept

RECYCLE

Accept

5.

Actions controlled by established protocols

6.

Less than 10% variance in second test

Accept

REJECT

RECYCLE*

7.

Create documentation of processes

* Although this was the protocol adopted no variances >10% have been detected
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Figure 7.6 Pile of source iron for Lucky Iron Fish™

Figure 7.7 The wood-fired smelter to melt the source iron to produce the Lucky Iron Fish™

176

Figure 7.8 Pouring the molten iron into molds to produce the Lucky Iron Fish™

Figure 7.9 A group of fish attached to a central spigot immediately after cooling
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Figure 7.10 Hand polishing the individual fish to remove the blemishes from the sand mold

Figure 7.11 Arrangements of the sand molds spread out over the factory floor
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CHAPTER 8: Business plan for Lucky Iron Fish Inc.
8.1 Background
Lucky Iron Fish Inc. was incorporated as a company in Ontario, Canada on December 12,
2012 and registered as a company in Cambodia through the Ministry of Commerce. The current
chapter provides the current business plan for the company (re-formatted for the purpose of inclusion
in the thesis). Details are also provided on the patent and trademark processes, the development of
the marketing and advertising material, efforts to certify Lucky Iron Fish Inc. as a “B-Corporation”,
and the actions taken to raise equity to support the operations. The financial position of the company
and budget are provided for context. Like all start-ups, the business model for the company has
changed over the past three years. Originally conceived as a company that would provide direct sales
to end-users in Cambodia, the initial plan did not work. Despite extensive focus group work and pilot
studies for door-to-door sales in villages in Kandal province, suggesting that the marketing approach
developed would work and training a specific sales force to sell the fish to communes and villages,
the plans failed. Sales were less than 5 per week when the break-even point for the start-up was
estimated to be 100 fish per week. Focus for the company shifted from door-to-door sales to bulk
sales with NGOs and Aid Agencies. Whilst there was some traction with smaller NGOs and Aid
Agencies who had established networks in different regions of Cambodia and were engaged in
promoting iron supplementation programs, the take-up rate from these smaller organizations was
slow and insufficient to create a financially viable option for the company. In early 2015, the
Canadian Food Inspection Agency (CIFA) agreed that the Lucky Iron Fish™ could be sold as a
consumer product (similar to cast-iron cookware) and it was possible to start Internet sales through
the company website. The sales achieved in the first couple of months were about 100 per month –
still insufficient to provide a stable financial base for the company. In May 2015, the BBC showcased
Lucky Iron Fish Inc. The videos available in the company website caused the BBC to take notice of
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the company and, in May 2015, the BBC showcased Lucky Iron Fish Inc. They produced a short
video that included footage of working in Cambodia. Almost instantly the Internet sales shifted from
100 fish a month to a 100 fish an hour. The company needed to pivot its entire business modeling, to
create a supply and distribution chain, production and operating mechanisms to sustain this dramatic
increase in sales. To support the on-going Internet sales as the fundamental financial driver for the
company, strategic engagement and use of social media has been planned. In the same year, Lucky
Iron Fish Inc. received more than 2.9 billion impressions on social media and it is this marketing
strategy that has sustained continued sales through the Internet site.
The current version of the business plan is based on the sustaining nature of the Internet sales,
with a focus on promoting NGOs and Aid Agency bulk sales and B2B sales.
8.2 Problem and solution
8.2.1 Eradicating iron deficiency: a world’s priority
Despite a concerted effort by government and civil society in recent years, malnutrition,
hunger and food insecurity continue to plague the developing world. Anemia, largely resulting from
iron deficiency, is a public health problem with serious consequences for human health and socioeconomic development. The World Health Organization (WHO) estimates that nearly 2 billion
people suffer from iron deficiency anemia, with the largest burden of disease in women, children and
infants (WHO, 2008). As seen in Table 7.1, iron deficiency and iron deficiency anemia primarily
affect people in the developing regions such as Southeast Asia and Africa.
The long-term consequences of anemia are severe and often irreversible (WHO, 2008). Mild
to moderate anemia leads to weakened immunity, reduced work capacity, reduced cognitive ability
and an overall decreased quality of life (WHO, 2001). Severe anemia (hemoglobin < 70 g/L) reduces
a woman’s ability to survive bleeding during and after childbirth, and is considered a major cause of

180

maternal morbidity and mortality (WHO, 2001). Additionally, it is estimated that iron deficiency
results in a $70 billion annual loss in the annual global gross domestic product (Horton 1998).
Benefits from improving iron status include:
•

Increase in productivity by 17% for heavy manual labor and by 5% for lighter manual labor
(Horton & Ross, 2003).

•

Decreases in childbirth risk including maternal mortality and death in first week of life
(Stoltzfuss et al., 2005).

•

Improvement of children’s ability to interact with each other and improve their cognition
(Lozoff et al., 2006). It has also been shown that children with better iron status perform
better at school (Bobonis et al., 2006).

8.2.2 Efficient and sustainable solution is needed
Prevention and control of iron deficiency and related iron deficiency anemia has been largely
reliant on two techniques: widespread distribution of oral iron supplements and/or iron fortification
of food staples. In many parts of the developing world, the latter has yet to show success, and iron
pills remain the only way of confronting the challenge. Iron pills have a number of undesirable side
effects, are costly, not easily administered to infants and children, and represent an unsustainable way
of supplementing iron.
Innovative, cost-effective, accessible and long-lasting treatment and prevention options are
needed. Anemia is a persistent problem worldwide and it is not going away – not even at a slow rate
like many nutritional problems – and it is time to put effort and money into exploring novel ways to
confront the challenge. With all of the rhetoric over the Millennium Development Goals and the
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priority identified by the Copenhagen Consensus that iron deficiency should be dealt with, it is time
for innovative and evidence-based action.
8.3 New product solution
8.3.1 Lucky Iron Fish™: a novel supplementation technique to prevent iron deficiency
The Lucky Iron Fish™ was created in order to eradicate iron deficiency using a simple yet
efficient product. The Lucky Iron Fish™ is a fish-shaped cast iron ingot that increases the iron levels
of water and foods during cooking. The product was initially a simple block of iron but had a
relatively low level of use, so Dr. Christopher Charles, the inventor of the concept, fashioned the
block into the shape of a fish that is a symbol of luck in Cambodia where the product first launched.
The Lucky Iron Fish™ is placed in 1 litre of boiling water with a few drops of lemon juice (or
anything acidic) for 10 minutes. The fish will leach iron into the water. To maximize the absorption
or iron from the water, a few drops of lemon are added just before drinking the water. The fish can
also be cooked in soups or stews but for the best release or iron, these also need to have something
acidic (lemon, tomato juice) added in the cooking process. After cooking with the fish or boiling it in
the water, the fish must be cleaned with water and then stored in a dry place. A diagram showing how
to use the fish is shown in Figure 8.1.
8.3.2 Benefits of the Lucky Iron Fish™
Studies and user results have shown that the Lucky Iron Fish™ is a good alternative to
current solutions to prevent iron deficiency.
1. Balanced release of iron: A Lucky Iron Fish™ releases ~7 mg of iron that is bioavailable per
use. To put that in perspective, iron supplement pills can provide between 60mg-300mg of
iron. Because the Lucky Iron Fish releases such a small amount of iron in each use users do
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not experience negative side effects of ingesting too much iron including gastrointestinal
upset, nausea and occasional vomiting, and a metallic taste in their mouths.
2. Effectiveness: Trials in Cambodian villages showed a 46% reduction in the prevalence of
anaemia over 12-month period. Hemoglobin concentrations, which are a marker of circulating
iron, were increased and serum ferritin, a marker of stored iron also increased (See Table 7.2).
3. High compliance: 94% of study participants reported using the Lucky Iron Fish™ on a daily
basis by the end of a 12-month long study (See Table 7.3). In comparison, the compliance rate
of iron supplements can be as low as 32% in Cambodia.
4. Cost-effectiveness: The Lucky Iron Fish™ is significantly cheaper than other current
solutions. Given that a fish costs ~$10, lasts 5 years and can be used by entire households, the
cost per year per person is very low. In comparison, the cost of iron supplements amounts to
$30 per year.
8.4 Business model
Lucky Iron Fish Inc. manufactures and sells the Lucky Iron Fish™ through direct and indirect
sales. The fish is sold through the website www.luckyironfish.com as a single product using a “buyone, give-one” business model. It is also possible to buy a “School of Fish” where online buyers can
purchase five fish as a philanthropic gift for families in need in the developing world. Lucky Iron
Fish Inc. also sells in bulk to NGOs, Aid Groups and B2B organizations.
Currently, the company mainly sells its fish through its online channel. However, it aims to
diversify its mix by increasing the share of sales using intermediaries (Aid Groups, NGOs and B2B).
According to the financial projections, we expect that the share of online sales will drop from 88% in
2015 to 52% by 2020 and share of sales through distribution partners will increase from 3% in 2015
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to 37% in 2020. This shift will be supported by increased sales efforts as well as the completion of
research studies which are required by many NGOs and Aid Groups. The expected sales mix is
shown in Figure 8.2.
8.4.1 Online Sales
8.4.1.1 Description
The Lucky Iron Fish™ is sold online directly to users through the company website. For the
online store the company has been running a “buy one give one” model so that for each fish
purchased, another fish or its equivalent is given to a household in need in a developing country. This
offer mainly targets western consumers. The fish sells at CAD $30.00 and generates a gross margin
of CAD $24.47 which represents an 82% gross margin.
8.4.1.2 Current status
Online sales have been driving the largest share of sales during last year as a result of positive
media exposure enjoyed by the company. Major media outlets have dedicated articles about Lucky
Iron Fish™ during the past year. Total units sold online over the last year (from October 2014 to
mid-November 2015) total 17,105 units (See Figure 18.3). Target markets are primarily focused on
North America with the majority of total sales coming from the United States of America (> 75%).
Purchasers are primarily women aged 35 years or older, many of whom report that they suffer or
have suffered from iron deficiency and have been frustrated or dissatisfied with using iron
supplements.
8.4.1.3 Future prospects for online sales
The company will continue its effort to expand online sales in the future. Improving public
relations campaigns will be the main approach used to increase online sales as this has proven very
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effective to date. The website recently been redesigned, updated and optimized for online sales. The
target for online sales will remain customers in the developed world.
8.4.2 Development Institutions and NGOs

8.4.2.1 Description
Lucky Iron Fish™ intends wholesale in bulk to NGOs, Aid Agencies and governments. These
partners, in their operational areas, would then carry out the distribution to households. This is
similar to the distribution channels used by NGOs, Aid Agencies and governments for drugs,
supplements and supplies, especially in more rural areas. NGOs and Aid Agencies can also play a
major role in promoting the consequences of iron deficiency and use of the Lucky Iron Fish™ to
prevent and alleviate the signs of iron deficiency. NGOs and Aid Agencies tend to target their
services to rural populations, mothers and children, the urban poor, and other underdeveloped groups.
Depending on the quantity of product ordered, the unit price varied in 2015: for smaller orders, the
fish was sold at CAD $12.99 and generated a gross margin of CAD $9.92; for larger orders, the fish
sold at CAD $6.49 and generated a gross margin of CAD $3.42.
8.4.2.2 Current status
To date, there have been relatively few bulk sales – primarily lots of 200 fish or less. A list of
bulk sales to date is shown in Table 8.4. Sales are primarily small to mid-sized NGOs often with a
focus on child or maternal health. The rationale for purchasing the fish has been lack of compliance
for other forms of iron supplementation and/or lack of impact.
8.4.2.3 Future prospects
Lucky Iron Fish Inc. will continue focus on sales to small and medium NGOs and Aid
Agencies. Feedback from larger organizations is that background research data should be
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accumulated on the efficacy of using the fish in different communities, different groups of people
(women, pregnant women, children etc.) and different cultures. Research projects are currently
underway in Cambodia, Dominican Republic, Guatemala and India (at least one State). The data
from these studies will be available 2017-2019. Potential large customers include UNICEF, USAID,
WFP and World Vision. The company will hire VP Global Affairs in 2016 whose activities will be
directly towards sales in this segment of customers.
8.4.3 Business to Business (B2B) sales
8.4.3.1 Description
Lucky Iron Fish Inc. is working to create partnerships with a network of retailers who will
have Lucky Iron Fish™ among their product offering. Opportunities include: supermarkets;
pharmacies; hotel chains; and, other retailers. Similarly to online sales, the product will be sold on the
basis of a portion of the sale will be donated towards the philanthropic arm of the company to support
purchase of fish and nutritional advisory resources in communities and for families who cannot
afford to purchase the fish directly but are in dire need of additional iron in their diets. Fish sold in
the B2B model will be priced at CAN $16.00, generate a gross margin of CAD $10.47 and represent
a 65% gross margin.
8.4.3.2 Current status
A small number of sales have been made in this category. The deal value has remained
relatively low with most of the orders at 200 units or less. A list of the sales is provided in Table 8.5.
8.4.3.3 Future prospects
A critical strategic drive for Lucky Iron Fish Inc. in 2016 will be focused on B2B partnerships.
There are a number of negotiations currently underway with national and international chains where
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Lucky Iron Fish™ would be featured in major retail and hotel chains in North America and in key
tourist locations in South-East Asia. Effort to establish partnerships in these areas will boost not only
the revenue to the company but will provide fish on an on-going basis to the philanthropic pool to
support purchase of fish and services for people in the developing world in dire need.
8.5 Research studies
Research studies constitute a major priority for the company. In the past, they were important
to produce greater knowledge of the technology and efficacy. In the future, research studies will play
an important role to give large buyers (UNICEF, USAID, WFP, World Vision etc.) assurance about
the standards of safety, quality and efficacy of the Lucky Iron Fish.
8.6 Operations
Currently, the Ly Yi Foundry, Phnom Penh in Cambodia and the Bowanville Foundry, Ontario in
Canada, produce Lucky Iron Fish™. The processes in the two foundries are substantially different.
Ly Yi Foundry: is a small-scale factory producing iron tools from recycled iron. Production
processes include smelting in a wood-burning furnace, traditional hand-made sand moulds and hand
–polishing (see Figures 7.6; 7.7; 7.10; 7.11). The Foundry can produce up to 1,000 fish every two
weeks but this is not sufficient to meet demand. Moreover, there is no on-sight testing for quality
assurance. To sustain current production, the Foundry has trained and employed additional workers
but production cannot be scaled up further. The current furnace and the area for sand-mold casting is
already at capacity and there is no space for expansion.
Samples have to be shipped to the Royal University of Phnom Penh, Cambodia and to Laboratory
Services Division, Ontario Canada for safety testing which is resource and time-consuming.
Batches of fish that pass the safety assurance testing are shipped to Phnom Penh and stored for
distribution. Transportation and storage relies on local staff and can be varied but is controlled locally.
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Fish are stored in facilities in Phnom Penh and shipped by local transport to purchasers in small
batches. There are no impediments to distribution within Cambodia but export is likely to be subject
to significant export duty and be delayed by the processes necessary in Cambodia for licensing export.
Watthan Artisans Cooperative in Phnom Penh, Cambodia produce the packaging for Lucky Iron
Fish™ distributed in Cambodia and staff in Phnom Penh packs the fish in this packaging as needed.
Bowmanville Foundry: is an iron foundry in Ontario that predominantly produces cast-iron
cookware for the domestic and American market. The facility can produce 2,000 fish every two
weeks and there is opportunity to expand production. In addition, the Foundry has on-site safety
testing capacity for all potential contaminants except lead. (Tests to confirm lack of lead content are
completed on samples of each batch that are shipped to Laboratory Services Division, University of
Guelph). Product is shipped to Adult Rehabilitation Centre (ARC) Industries in Guelph for packaging
and currently shipped to the Lucky Iron Fish Inc. office of shipping and distribution. The labour and
shipping costs, especially for international distribution, are compounded by the multi-step process in
handling: international shipping is dependent on postal/courier services which can be difficult with
import/export procedures.
Options for fulfillment services are being investigated to reduce packaging and shipping costs,
increase tracking abilities and reliability of delivery/return and to ensure timely shipping and
distribution of the fish. The intent is to meet a demand from sales of at least 10,000 fish per month.
8.7 Competition and substitute products
8.7.1 Iron supplementation
Iron supplementation, using oral iron supplements, is the most common and cost-effective
strategy used to control iron deficiency and iron deficiency anemia in the developing world and is
used as both a preventive measure and a treatment option. World Health Organization guidelines
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suggest that iron supplementation should include administration of 60 mg of iron daily with a dose of
400 µg of folic acid for women of reproductive age, 30 mg of iron and 250 µg of folic acid for
school-aged children, and approximately 2 mg/kg body weight per day for preschool-aged children.
Weekly iron supplementation also exists, though is considered to be a less effective treatment option.
The market for iron supplements was $15 billion (US) in 2014.
The majority of supplementation studies to date have examined a variety of treatments in
women of reproductive age, as infants, preschool and school-aged children. It is becoming
increasingly clear that a main target group for iron supplementation in the developing world should
be all women of reproductive age, regardless of pregnancy status at the time, thus ensuring adequate
iron reserves for both the mother and fetus during pregnancy and breast-feeding infants. Of concern
is the relative cost of iron supplements in developing nations, coupled with issues surrounding
delivery to infants and children. Other problems with iron supplementation include: undesirable side
effects (including gastrointestinal irritation, black stools, and constipation); poor adherence to
treatment guidelines; poor awareness and motivation, often due to inadequate health and nutrition
education; lack of cultural sensitivity about the need to take supplements, quality and packaging of
iron supplements; and risk of iron overload if supplementation guidelines are not followed correctly.

8.7.2 Iron fortification
Iron fortification involves the addition of iron to an appropriate food vehicle that is distributed
widely to the general population. Fortified flour and other cereals have historically been the most
commonly used. Research into self-fortification through plant breeding is also gaining momentum
and in the future may have a great impact on improving nutritional status. Other media for
fortification include regularly used dietary components such as fish sauce or soy sauce in South-East
Asia.
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8.7.2.1 Fortification in the developed world
In the developed world, iron fortification has played a central role in the decline in the
prevalence of iron deficiency since the 1960’s. The addition of elemental iron powder to flour and
other cereals has since been commonplace, with approximately 30 to 60 µg/g enrichment 30
concentration depending on the food product. In Canada, for example, it has been mandatory to
enrich all white flours, and enriched pastas and precooked rice since 1976. As the demand for
processed foods has increased over the past 50 years, vitamins and minerals have slowly been added
to an increasing variety of foods. Ready-to-eat cereals in particular play an important role in daily
iron intake in the Western world. In Germany, approximately 78% of total iron intake in children
aged 2 to 13 years may be attributed to ready-to-eat cereals. The fortification of infant formulas and
foods provides particularly convincing evidence for the benefits of food fortification. Following the
introduction of fortification guidelines in the U.S. in the late 1960s a clear reduction in iron
deficiency anemia among infants and young children was noted.
8.7.2.2 Fortification in the developing world
In developing countries a much lower consumption of food from animal sources is observed
and typically the overall nutritional value of the diet is lower when compared to developed nations. In
addition, both a high relative cost and a decreased availability of fortified products like cereal flours,
ready-to-eat cereals, and infant formula leads to an overall decreased use of industry-prepared food
that would otherwise benefit the population. Efforts to fortify foods that are common in particular
countries and/or cultures are increasing. For example, fortification of rice, noodles and pasta but the
key to success is a willingness of governments to mandate fortification. Without government
intervention there is a price differential between fortified and non-fortified foods. People living close
to the poverty line will usually purchase the cheapest option for food. In addition, without
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government regulations and oversight of production, manufacturers in the developing world have no
production standards to ensure quality control.
8.7.3 Comparison between the Lucky Iron Fish and the current solutions
The Lucky Iron Fish™ has both a price and a compliance advantage when compared to iron
fortification and iron supplements (figure 8.4). First, the cost of a Lucky Iron Fish™ is only $6-$30
depending on the sales model. Secondly, the Lucky Iron Fish can be used for a period between 5 to
10 years and one fish can be used by the entire household. Moreover, studies showed that the
compliance rate of the Lucky Iron Fish™ is very high especially when compared to iron
supplementation. This can be explained by the absence of side effects using the Lucky Iron Fish as
well as the lower level of effort required since only one person needs to take care of the process for
the whole household. The design has also played a significant role in the high compliance as people
consider fish as a symbol of luck.
8.7.4 Intellectual property and competitive advantages
Lucky Iron Fish Inc. has developed an innovative idea for preventing iron deficiency but as
with all innovations, there is a chance that competitors could try to manufacture copycats. However,
being the first on the market has conferred the Lucky Iron Fish™ certain advantages in the market.
8.7.4.1 Patent and Trademarks
The company has trademarks on its brand and name as well as copyrights on the materials
used. In all major markets, the company has a patent on the design of the fish following the Madrid
protocol. There is developments underway that will strengthen the patent and design patent through
exclusive use of innovative sources of iron which will make the fish difficult to replicate.
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8.7.4.2 First Mover Advantage
Lucky Iron Fish Inc. is the first to commercialize iron ingots to prevent iron deficiency. Being
the first mover, the company has exploited opportunities for expansion and scaling not available to
later entrants. Lucky Iron Fish Inc. has seized social media attention (more than 2.9 billion
impressions in 2015 alone) and is seeking to lock in relationships with B2B, NGOs and Aid Agencies
that will not be available to competitors. Finally, Lucky Iron Fish Inc. is negotiating exclusive retail
rights with supermarkets, hotel chains and other retail opportunities – contracts that would be
exclusive for Lucky Iron Fish Inc.
8.7.4.3 Published Research
Over the past few years, Lucky Iron Fish Inc. has published a number of research studies that
have helped the company better understand its products and provides assurance to buyers.
Competitors willing to create products from similar products will need many years to complete the
same number of studies and therefore it gives Lucky Iron Fish Inc. an edge. Additionally, we expect
these studies will enable the company to finalize long-term and larger sales opportunities with the big
buyers (B2B and larger NGOs and Aid Agencies).
8.7.4.4 Brand image and loyalty
Consumers identify the firm with creative innovative ideas, especially the inclusion of social
good in the promotion and marketing strategies for sales in the developed world. Rather than a
pejorative “copycat” image, the firm is seen as a cutting edge innovator. The company has also
enjoyed strong publicity from the media. As shown in Figure 8.5, the company has received a
considerable amount of traction through media articles, awards or supports from recognized
institutions. This helps the company build trust and awareness about its product. In addition, Lucky
Iron Fish™ has been strongly represented in social media (>2.9 billion impressions in 2015).
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8.8 Risk Mitigation
Being considered a consumer product, the Lucky Iron Fish™ does not need FDA approval for the
United States or approval by the Canadian Food Inspection Agency (CFIA) in order to be
commercialized and sold in North America. However, since Lucky Iron Fish™ is used as a product
with food, the company has put in place several processes in order to ensure standards of safety,
quality and efficacy:
1. Quality control process for each batch that follows international ISO and WHO standards for
food contaminants. The standard operating procedures in place are ISO compliant and the
standards for food contamination exceed those set by the WHO (2001; 2011).
2. Random audit processes. In compliance with HACPP recommendations, there is a random
third-party audit process in place for the safety assurance requirements. Using accepted lot
sampling techniques, a representative sample from each batch that has been certified “safe” in
the quality control process is taken and subjected to tests for safety and compliance with
WHO standards. In addition, the standard operating procedures for safety assurance are
audited regularly for compliance.
3. Risk mitigation plan. Risk mitigation is a key strategic component of planning for the
company and is overseen by the Board of Directors. Plans in place include: liability
insurance; reserve supply chain capacity and management; continued research with additional
populations of people; legal assurance of appropriate actions; financial contingencies; and
flexibility with operating and staffing commitments.
4. Legally reviewed claims & disclaimers on the packaging materials. External legal counsel for
accuracy and effective protection reviews all claims, disclaimers and contracts.
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5. International standards around contamination followed by the foundries. All production
facilities are required to provide details on compliance with international standards including
personnel, product sourcing and manufacture. In addition, there is a two-tier safety assurance
process on each batch of fish produced to ensure safety of the product. These assessments are
all compliant with standard practices outlined in HACPP and with ISO standards and WHO
standards for food contamination for human consumption.
8.9 The team
The organizational chart for Lucky Iron Fish Inc. is shown in Figure 8.5.
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8.10 Historical and Projected Financial Performance
Revenue
(in Canadian Dollars)

2015e

2016e

2017e

2018e

2019e

2020e

Revenue
Online Retail (e.g. Shopify)
B to B (e.g. Whole Foods)***
School of Fish
Small NGO (Bulk)
Medium NGO (Bulk)
Large NGO (Bulk)
Less: Returns / Damage / Lost
Less: Revenue Share (un-institute)
Less: Paypal / Shopify / CC Fees
Total Net Revenue
Shipping Revenue
Total Revenue

750,000
8,000
77,000
15,000
(1,000)
(20,675)
828,325
200,000
1,028,325

1,200,000
160,000
249,981
25,000
150,000
50,000
(3,500)
(32,200)
(36,250)
1,763,031
320,000
2,083,031

2,400,000
800,000
499,961
100,000
240,000
150,000
(8,000)
(34,780)
(72,499)
4,074,682
320,000
4,394,682

3,600,000 5,400,000 10,800,000
1,200,000 1,800,000 3,600,000
749,942 1,124,912 2,249,825
360,000
720,000 1,440,000
225,000
450,000 2,500,000
(8,000)
(10,000)
(10,000)
(108,749) (163,123) (326,246)
6,018,193 9,321,789 20,253,579
480,000
720,000 1,440,000
6,498,193 10,041,789 21,693,579

COGS
(in Canadian Dollars)

2015e

2016e

2017e

2018e

2019e

2020e

COGS
Canada
Mumbai
Cambodia
LIF Ocean Fund
Total COGS

426,310
426,310

795,062
946,958
337,719
63,650
127,300
125,000
325,000
983,712 1,736,977

1,398,876
482,456
190,950
487,500
2,559,783

2,186,546
808,114
286,425
731,250
4,012,336

5,243,856
2,130,848
572,850
1,462,500
9,410,054

2018e

2019e

2020e

Operating expenses
(in Canadian Dollars)

2015e

2016e

2017e

Operating Expenses
Personnel
Professional Fees
Equipment
Services incl. Marketing & Sales
Travel
Indirect Costs
Other
Total Operating Expenses

135,365
84,000
10,000
29,118
15,200
11,429
(63,647)
221,465

402,200
182,000
30,000
206,600
32,900
23,050
876,750

402,200
178,000
30,000
266,600
30,400
22,800
930,000

442,420
118,800
33,000
293,260
33,440
27,340
948,260

486,662
130,680
36,300
322,586
36,784
30,074
1,043,086

535,328
143,748
39,930
354,845
40,462
33,081
1,147,395
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8.11 Profitability
(in Canadian Dollars)

2015e

2016e

2017e

2018e

2019e

2020e

Profitability
Revenue
COGS
Operating Expenses
EBIT
SLAB NET INCOME (overhead savings)
Depreciation
Interest
Tax
Net Profit

1,028,325
426,310
221,465
380,550
550
381,100

2,083,031
983,712
876,750
222,569
(40,000)
1,100
261,469

4,394,682
1,736,977
930,000
1,727,705
(40,000)
1,100
1,766,605

6,498,193 10,041,789 21,693,579
2,559,783 4,012,336 9,410,054
948,260 1,043,086 1,147,395
2,990,150 4,986,368 11,136,130
(40,000)
(10,000)
(10,000)
1,210
1,331
1,464
3,028,940 4,995,037 11,144,666

Note: SLAB stands for Saving Lives At Birth (research funding)
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Table 8.1 Prevalence of anemia and number of individuals affected in pre-school aged children,
pregnant women, and non-pregnant women by WHO region.

Geographical
region

Preschool-age
children

Pregnant women

Non-pregnant women

Prevalence
(%)

Number
(millions)

Prevalence
(%)

Number
(millions)

Prevalence
(%)

Number
(millions)

Africa

67.6

83.5

57.1

17.2

47.5

69.9

Americas

29.3

23.1

24.1

3.9

17.8

39.0

South-East Asia

65.5

115.3

48.2

18.1

45.7

182.0

Europe

21.7

11.1

25.1

2.6

19.0

40.8

Eastern
Mediterranean

46.7

0.8

44.2

7.1

32.4

39.8

Western Pacific

23.1

27.4

30.7

7.6

21.5

97.0

Global

47.4

293.1

41.8

56.4

30.2

468.4

Data derived from WHO (2001).
Table 8.2: Anemia, iron deficiency and iron deficiency anemia in women participating in a
randomized controlled trial of an iron ingot intervention over a 12-month period.
Anemia

Iron Deficiency

Iron Deficiency Anemia

Control
(n=84)

Intervention
(n=164)

Control
(n=84)

Intervention
(n=164)

Control
(n=84)

Intervention
(n=164)

Baseline

38
(45.2%)

93
(56.7%)

7
(8.3%)

26
(15.9%)

6
(7.1%)

22
(13.4%)

3 months

45
(53.6%)

64
(49.0%)

6
(7.1%)

21
(12.8%)

4
(4.8%)

14
(8.5%)

6 months

41
(48.8%)

70
(42.7%)

6
(7.1%)

18
(11.0%)

5
(6.0%)

13
(7.9%)

9 months

40
(47.6%)

38
(23.2%)

11
(13.1%)

12
(7.3%)

9
(10.7%)

7
(4.3%)

12 months

38
(45.2%)

18
(11.0%)

7
(8.3%)

5
(3.0%)

7
(8.3%)

3
(1.8%)

Data derived from Charles et al., (2015).
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Table 8.3: Reported usage of an iron ingot over the previous three months as assessed at each
sampling round in a randomized controlled trial of a novel iron supplement
conducted in Kandal Province, Cambodia.
Daily

3-4 days

Rarely

Never

3 months (n=182)

(80.2%)

(12.6%)

(3.3%)

(3.8%)

6 months (n=164)

(88.4%)

(6.1%)

(2.4%)

(3%)

9 months (n=164)

(91.5%)

(6.1%)

(2.4%)

0%

12 months (n=164)

(93.9%)

(4.3%)

(1.8%)

0%

Data derived from Charles et al., (2015).

Table 8.4 Bulk sales of the Lucky Iron Fish™ during 2014/15

NGO/Aid Group

Area

2014

2015

2500

-

University of Guelph

Canada/Cambodia

New Hope Cambodia

Cambodia

-

150

OXFAM

Cambodia

-

200

King's Friendship Centre

Cambodia

-

113

Safe Haven Medical
Outreach

Cambodia

-

25

Bloom Training Café

Cambodia

-

23
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Table 8.5: Units sold to Business-to-Business (B2B) organizations in 2014/15

Organization

Country

2014

2015
200

Trunkh

Cambodia

25

RAGA

USA

120

Ascension Health

USA

100

Kon Khmer Café

Cambodia

25

New Age Health

Canada

40

Pactics Cambodia

Cambodia

D.A.D

Japan

Jack & Ella's Gifts

Canada

25
2000
20
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Figure 8.1 Diagram provided to illustrate how to use the fish

Figure 8.2 Expected sales mix for Luck Iron Fish™
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Figure 8.3 Online sales for the period October 2014 – November 2015
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Figure 8.4 Awards and Recognition for Lucky Iron Fish™

Figure 8.5 Organizational chart Lucky Iron Fish Inc.
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CHAPTER 9: Trust and ethical frameworks and values among different sectors
working in Cambodia
9.1 Introduction
The United Nations Global Compact is effectively a Global Public Policy Network linking
UN agencies, governments, businesses, civil society organizations, non-governmental organizations
and labour representatives20. The core concept of the Compact is to facilitate cooperation among
participants who are willing to promote ten guiding principles in socially responsible business across
the world. The Compact is a coalition of the willing with no intent of enforcing behaviours, primarily
because it neither has the regulatory authority nor the resources for effective regulation. It is therefore
not legally binding nor operates with a code of explicit performance criteria: the Global Compact is
designed as a collaborative, voluntary network to share best practices among a plethora of
stakeholders committed to finding practical and lasting solutions for development (Kell, 2005; Kell
& Levin, 2003; Gilbert & Behnam, 2013; Rasche, 2009 a & b; Ruggie, 2001, 2003).
Since the original concept of the Compact was advanced (Ruggie, 2001), there has been
considerable attention paid to the ways in which dialogue, networking and learning among the
participants in the Compact have enabled the business and non-business sectors to work
collaboratively on the shared values and approaches within the global marketplace (Kell, 2005; Kell
& Levin, 2003; Leisinger, 2007; Williams, 2004). A strong view has emerged that effective sharing
of ideas and best practices is critical for success (Rashe & Kell, 2010) and that one of the critical
prerequisites for that success is trust (Bremer, 2008; Gilbert & Behnam, 2013; Mueckenberger &
Jastram, 2010; Williams, 2004).

20

United Nations Global Compact – “The Ten Principles”
http://www.unglobalcompact.org/abouttheGC/TheTenPrinciples/index.html Accessed November 1, 2013
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Gilbert and Behnam (2013) explored the conceptual approaches for establishing trust and
the importance of trust among actors. They expanded concepts of trust on the basis of either systems
or structuration theory (Bachmann, 2001; Giddens, 1984; 1990; Luhmann, 1979; Sydow, 1998),
between economic and sociological theory (Axelrod, 2006; Bachmann, 2001; Giddens, 1990;
Luhmann, 1979; Williamson, 1985, 1993) or between personal and systems trust (Giddens, 1990;
Luhmann, 1979, 1988) and situated their analysis in network theory. They argued that network theory
provides understanding in the functioning of the Compact and advances its capacities and abilities.
Networks represent a middle ground in governance structures (Williamson, 2005). They lie
somewhere on a continuum from a traditional (government or business) hierarchy, where
administrative power is the prime coordinator of action, to a market culture where the incentive
(price) is the key driver of action (Granovetter, 1985; 1992; Jones et al., 1997; Williamson, 1985;
2005). As such they need a governance structure that links power and price with a third concept –
that of trust (Gilbert & Behnam, 2013; Kale et al., 2000; Williamson, 2005). Trust is the critical
element that underpins effective coordination of action among partners (Bachmann, 2001; Gilbert &
Behnam, 2013; Zaheer et al., 1998): where there is trust, there is effective control of interactions and
expectations among different partners in the network; where there is a lack of trust collaboration is
difficult, if not impossible, (Castaldo et al., 2010), communication is hampered and there is a greater
risk of conflict (Dirks & Ferrin, 2001).
The Global Compact is based on four foundational documents: the Universal Declaration of
Human Rights; the International Labour Organization’s Declaration on Fundamental Principles and
Rights to Work; the Rio Declaration on Environment and Development; and, the United Nations
Convention against Corruption. It asks “companies to embrace, support and enact, within their sphere
of influence, a core set of values in the areas of human rights, labour standards, environment and
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anti-corruption”. Each of these areas contain aspirational statements for joint action in which trust is
so critically important to ensuring success (Gilbert & Behnam, 2013). Trust in other members of a
network affords the possibility of making assumptions about their actions and intentions (Bachmann,
2001; Simmel, 1990) – it is an acceptance of their ability and integrity (Castaldo et al., 2010) to act in
the best interest of the network and the capacity to act effectively (Mayer et al., 1995).
There has been considerable work exploring the notion of trust. Most of the work has
focused on two levels: trust at the individual level and trust at the system/institutional level
(Bachmann, 2001; Giddens, 1990, Hosmer, 1995; Luhmann, 1979). Personal trust is generated from
becoming familiar with an individual’s interests, norms and values whereas systems trust is based on
notions of established practices and procedures that are trustworthy i.e., standards of expertise, rules,
codes of conduct, government structures, other close relationships etc. But this either/or approach to
the concept of trust is too simple to describe trust in networks adequately in today’s global economy
(Gilbert & Behnam, 2013). Although there are links between personal and systems trust that must be
continued (Bachmann, 2001), more effective connection is required to ensure that trust is developed
and maintained among partners in a network (Bachmann, 2003; Nahapiet & Ghoshal, 1998; Sydow,
1998; Sydow & Windeler, 2003). At the same time, trust by partners in a network is self-reinforcing:
trust facilitates cooperation in a network which in turn strengthens trust in the partners.
So, the critical question becomes, how is trust generated in interorganizational networks? Or
in practical terms, in the developing world, how is trust generated between the players in delivering
aid where multiple actors work collaboratively to improve the day-to-day lives of disadvantaged
citizens? These actors including government officials, members of the local business community, aid
agencies executives, aid workers on the ground and the citizens themselves. Dyer and Singh (1998)
identify several structural issues that are important. Among them they highlight three as particularly
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relevant: (1) knowledge-sharing routines; (2) effective governance processes; and (3) complementary
compatibilities. Sharing information on a systematized basis generates trust through reliability of
communication (Dirks & Ferrin, 2001). Established, and accepted governance processes create a
reliability and consistency that limits risk through shared understanding of processes (Aguilera &
Jackson, 2010; Dyer & Singh, 1998). Finally, complementary capacities lead to interdependence and
compatibility that again reduces risks and fosters development of trust (Gilbert & Behnam, 2013).
Common to these theoretical constructs that underlie trust, and indeed common to the other
issues that Dyer and Singh (1998) raise, is a clear and explicit understanding of not only the stated
morals and values of the partners but their methods of operation and operationalization of their goals
and objectives. In an organization, such as the Global Compact, where action depends entirely on
mutual agreement and not regulation, monitoring and enforcement these innate values, perceptions
and practices become the key to success or failure.
As the Global Compact is a social movement set to replace the Millennium Development
Goals when they expire in 201521, the effective voluntary operation of the “network of networks”
(Gilbert, 2010) is critical. Fundamental to the success of the Compact is a shared and explicit
understanding the values, perceptions and practices that are inherently implied in the ten principles of
the Compact but there are few data to support the concept that the stated aspirational statements are
truly supported by fundamentally similar shared common feelings and beliefs – especially at the
operational level in developing countries. In fact, even in developed countries there is evidence that
there are fundamental differences in the values and attitudes among different players. These are
particularly prevalent for issues centered on ethical behaviour (Mancuso et al., 1998).

21

United Nations Global Compact – Architects for a better world “Building the post 2015 Business Engagement
Architecture” http://www.unglobalcompact.org/docs/about_the_gc/Architecture.pdf Accessed November 2, 2013
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If differences exist in the values, perceptions and practices of the different players in efforts
to create sustainable development in the way that the Global Compact purports then success may be
compromised. Therefore, there is a vital need to be certain that there is common understanding of the
values and attitudes among potential players. Success for the commercialization of the Lucky Iron
Fish™ in Cambodia requires collaboration among business, non-governmental and governmental
organizations and civil society to be effective. At the same time, this commercialization may serve as
a model to study illustrating the opportunities and pitfalls for the Global Compact. This provides
fertile ground for exploring the potentially differences and similarities in inherent values, perceptions
and practices among the different actors that may be involved in the commercialization of the Lucky
Iron Fish™. The research is not an exploration of the importance or support of the ten guiding
principles of the Global Compact per se, rather it is a study designed to determine whether or not the
various actors have the same levels of understanding and inherent value systems that might underlie
the trust necessary for success. The intent of the research is to uncover whether or not there are
common values and actions that are truly shared or whether there are difference standard understood
and expected by the players.
The project is both a quantitative and qualitative assessment of attitudes and perceptions by
different groups of people working in Cambodia, particularly around ethics and trust.
The working hypothesis is that there are different opinions held about ethics, trust and
practices observed by business leaders, rural villages, aid agency workers, managers in corporate
headquarters of the aid agencies, and government officials. Such differences would be in keeping
with prevailing thought about the solitudes between public and political collective conscience in a
variety of political circumstances (Chibnall & Saunders, 1977; Maclennan 1945; Mancuso, 1999).
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The results of the current study may highlight opportunities to explore resolution of the differences
uncovered and create opportunities to work more effectively together.
9.2 Methodology
Two separate studies were completed: a quantitative and qualitative exploration of ethical
values and attitudes as part of every day life in Cambodia. For the quantitative study, five groups of
people were asked a series of questions aimed at identifying views about ethical decision-making: (1)
rural villagers from Kandal province; (2) executives and senior managers from INGOs; (3) aid
agency (INGO) workers working on the ground; (4) government bureaucrats; and (5) business
leaders. Professional enumerators trained in the process of recruiting individuals to participate; in
obtaining informed consent; and in administering a structured interview based on completing a
survey were used. All respondents were asked the same questions in an identical format to enable
direct comparison of the answers among the different groups.
The process to recruit individuals to participate in the survey differed among the groups:
rural villagers were recruited by approaching village elders/commune leaders in villages and
communes of Kien Savy (total population about 150,000 people) - the elders facilitated group
meetings of villagers to allow the emunerators to explain the purpose of the survey and ask people to
volunteer - the emunerators subsequently visited individual houses in the village and asked
individuals directly whether they wish to participate or not; the remaining four groups were initially
approached by letter followed by a phone call by one of the enumerators to recruit participants in the
study. Oral informed consent was obtained from all participants before administering the survey and
participants were provided with an opportunity to respond to the survey in private. A minimum of 50
respondents participated in the study in each group. Inclusion criteria included: membership of the
identified group for a minumum of 3 years; aged 25-55 years; and the ability to respond in English
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or Khmer to the enumerators. As the names of the respondents remained confidential only the age,
gender, the group that the respondent represented and the length of time that the individual had been
associated with the particular group was recorded during the interview. To the extent possible, efforts
were made to balance the gender split within the groups. The survey and the procedures associated
with the structured interviews was reviewed and approved by the Research Ethics Board for work
with human subjects at the University of Guelph.
The attitudinal survey instrument used in the present study was based on a survey originally
developed and deployed by Peters and Welch (1978) in the United States addressing ethical attitudes
in America. That original survey was adapted for use in Canada (Mancuso et al., 1998; Mancuso,
1999) to explore the differences between the opinions of political elites and the masses and then
repeated in 2011 (Summerlee, 2011) to determine whether or not changing political situations in
Canada had altered peoples’ perspectives on ethical attitudes. The survey seeks to determine attitudes
in three different paradigms: (1) ethical principles and an ethical framework; (2) confidence in
institutions and individuals in those institutions; and (3) personal ethical codes.
The survey originally used by Mancuso (1999) was adjusted to address situations in
Cambodia and to include questions about aid agencies within the socio-political climate in Cambodia.
The study presented a series of hypothetical scenarios depicting behaviour with an ethical
connotation. The sources of these vignettes were drawn from private life – for example, offering a
bribe to an official to avoid paying a traffic fine; some were drawn from political life – for example,
accepting a gift for a political figure; and some were designed about whether it not it was appropriate
to bribe an official to ensure that action could be taken.
The revised survey for use in Cambodia was pre-tested with a group of five inviduals from
each of the five catetories listed above (total number n = 25) and modifications made to the final draft
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of the survey to reflect feedback from the test groups. None of the responses from these 25 people in
the test groups were included in the final data set reported in the current paper.
The final version of the survey posed questions in three areas: (1) a set of baseline opinions
and values were elicited by asking participants to rank a series of ethical standards in order of
importance. These included: compassion; equality; freedom; honesty; and tolerance; (2) the next
section addressed issues of confidence in institutions and the individuals representing these groups
and included: the courts; government; the civil service; and, international aid agencies and not-forprofit organizations; and this was followed by (3) a section with a series of questions designed to
probe the personal ethical code of the respondents. Questions explored issues of trust, friendship and
loyalty, lying and bribery, as well as attitudes towards promoting and protecting friends, colleagues
and associates, and attitudes towards corruption. The questions were translated into Khmer and then
back-translated by a second translator to ensure veracity of meaning of the questions in Khmer. A
copy of the final version of the survey is provided in Appendix 13.
Participants were then presented with a series of scenarios that required ethical judgment.
They were asked to rank their responses on a ten-point Lickert scale with an option to provide a nil
response. These scenarios focused on ethical decision-making based on comfort levels with telling
the truth, deceiving people and whether or not the status of the individual affected their answer to the
question. They were also asked to rank on a similar scale their responses to scenarios that presented
situations involving bribery and corruption, patronage, and gifts or gains.
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9.3 Results and analysis
A total of 262 individuals participated in the attitudinal survey that was carried out between
June 2012 and January 2013. The surveys took an average of 27 minutes to complete (range 19
minutes to 45 minutes). Only four people declined to answer any of the questions (<0.1% of the
questions). The numbers of individuals who participated in each group are shown in Table 8.1.
To determine whether or not gender, age or length of service were explanatory variables in
the data, cross-tabs were run with significance set at p<0.05 using Pearson’s Chi-Square to test for
any differences. There were no significant trends in the data that could be linked to gender, age, or
length of time an individual was employed in the particular group. It is interesting to note that
theoretically gender, age and socialization might play a role in determining ethical frameworks, but
the evidence from other studies is not unanimous. For example, Goetz (2007) argues that, at least in
Canada and the United States women have higher ethical standards than men. In contrast, Mancuso
and colleagues (1998) did not find evidence to support this contention. Based on the analysis of the
data collected in the current study, these three factors were not considered as explanatory variables in
the responses observed to the questions in the survey.
9.3.1 An overarching ethical framework
Questions about the ethical framework among the groups are shown in Table 9.1. A crosstab was run to look at the differences in attitudes between the five groups and revealed significant
(p<0.05) differences in responses. For example, the data showed that Khmer respondents (villagers,
business leaders and bureaucrats) saw freedom as the ethical value of the greatest importance (mode
62%; range 58-73%) with little difference among compassion, equity and tolerance. The emphasis on
freedom stands in contrast to the results of the surveys conducted in North America (Peters & Welch,
1978; Mancuso et al., 1998; Summerlee, 2011) where honesty was the most important value among
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North Americans. This marked difference presumably reflects the political climate in Cambodia. The
country is still emerging from the atrocities of genocide perpetrated by the oppressive Khmer Rouge
towards the end of the 20th century when there were severe limitations placed on individual rights and
freedoms. Nevertheless almost a quarter of the Khmer (mode 22%; range 17-26%) ranked honesty as
an important ethical value. In contrast to the responses from the groups comprised exclusively from
Cambodia, members of the aid community (front-line workers and corporate leaders who generally
belonged to the ex-patriot community) ranked honesty as the most important value (mode 53%; range
44-60%) although they too also ranked freedom relatively highly (Mode 15%; range 13-25%). Of
note too, is the unique response by the front-line INGO workers: 25% of the front-line aid workers
ranked compassion as the most important ethical value. This difference presumably reflects the
driving social values expressed by the individuals who volunteer this type of work.
9.3.2 Trust in institutions and officials
There were differences in opinions about trust of institutions in Cambodia and individuals
expressed by the various groups in the study (Table 9.2). Significant (p<0.05) differences were again
highlighted through cross-tabs and Pearson’s Chi-Square analysis of the responses. Moderate to
considerable trust was expressed by respondents in all groups towards the courts (range 87-95%)
although bureaucrats and front-line INGO workers were slightly less trusting. However, these
differences were not significant. In contrast, 31% of villages showed little trust in government, which
was significantly different from the other groups. This likely reflects the current political situation in
Cambodia. Six months before the survey was administered there was a highly contested election.
There was widespread dissatisfaction with the election results that sparked widespread
demonstrations. Government opposition to the demonstrations were suppressed and there were
outbreaks of violence against the demonstrators. The suppression of the demonstrations and the lack
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of openness about the election were condemned by the international community. From the survey,
there was generally widespread trust in the civil service and in the aid agencies with no significant
differences in the responses of the groups except the opinion of bureaucrats about aid agencies:
almost 25% of the bureaucrats surveyed reported little trust in aid agencies. This lack of trust was
explained by a number of freely made comments by the bureaucrats. A typical explanation of the
relatively low level of trust is captured in the statement:
“Aid workers are passionate about their work but they have a strong sense of
entitlement of access to government workers and resources. They do not always
understand or respect Cambodian culture”
There was an overall strong trust in judges themselves with the exception of the bureaucrats where
35% reported only moderate or little trust in the judiciary, which was significantly less than the
responses from other groups
“Judges do not listen to the government and seek to be independent”
This opinion also reflects the current political climate in the country as there is tension between the
government and the judiciary. There was a healthy level of skepticism of politicians and bureaucrats
by the other groups with a range of 28-56% expressing only moderate or little trust for these
individuals. Although there is a relatively low level of trust reported for politicians and bureaucrats in
North America (Peters & Welch, 1978; Mancuso et al., 1998; Summerlee, 2011), the current political
climate in Cambodia presumably affected the level of trust and confidence in the government leaders
in Cambodia.
Finally, there was very strong level of trust expressed for aid workers (range 89-94%) with
the exception of bureaucrats where 33% reported only moderate or little trust in the aid agency
workers. This lack of trust appeared to be explained by several comments that emphasized the
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cultural clash between aid agency workers and the bureaucrats which is epitomized by the comment
below:
“They [aid agency workers] continue to believe that they have the ‘right’ answers
to issues and often do not respect the authority of government or Cambodian
culture”
9.3.3 Constructing an understanding of a general ethical frameworks
For the questions that highlighted the general ethical framework of the groups, there was a
noticeable difference in the answers between the INGO workers (both the executives and the frontline workers) and the other three groups. For example, for the questions relating to: failing to report
accidental damage to a parked car (Figure 9.1a); lying to protect a friend (Figure 9.1b); accepting a
gift for completing work (Figure 9.1c); using influence to obtain a friend or a relative a job (Figure
9.1d); breaking a promise (Figure 9.1f); asking for a bribe (Figure 9.1g); and expressing greater
loyalty to a friend than to the law (Figure 9.1k), the Khmer groups (villagers, government officials
and business people) all answered in a similar way – in general 50% or more indicated that the
particular behaviour was usually or sometimes acceptable with only a minority indicating that it was
rarely or never acceptable. The aid workers (both executives and front-line workers) responded in the
opposite direction: for them the majority considered these behaviours were rarely or never acceptable.
The responses of the aid workers more closely resembled those surveyed with the same questions in
North America (Peters & Welch, 1978; Mancuso et al., 1998; Summerlee, 2011). As the majority of
the aid workers were from the developed world, it is tempting to suggest that these differences reflect
a different ethical framework guiding behaviours of Khmer compared with people from the
developed world.
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There were other differences that are worth observing. Government officials, for example,
indicated very strongly that the critical values to instill in children were obedience and respect for
authority (Figure 9.1h) whereas the front-line aid workers held the opposite view with almost 70%
disagreeing or strongly disagreeing with that statement. With the exception of the government
officials, all the other groups were skeptical of the motives driving politicians to seek office (Figure
9.1i). This variance was reported in North America too (Peters & Welch, 1978; Mancuso et al., 1998;
Summerlee, 2011), although not as extreme. The gap is explained in North America as a growing
cynicism over politicians and their ethics and motives of political figures. With the recent electoral
problems in Cambodia, this cynicism may be more marked.
Government officials and business people indicated that there should be no difference
between the ethical standards of those who run for and are elected to office compared with the
general public (Figure 9.1g) but this view was not shared by the villagers and the aid workers. The
latter three groups reported that the ethical standards of people running for public office should be
higher than the general public – again a view that is consistent with the values held by Canadians
(Mancuso et al., 1998) and Americans (Peters & Welch, 1978).
Finally, all groups in Cambodia believed strongly that it was acceptable to give policemen a
small bribe to avoid a traffic offence – 80% of more of the respondents indicated that it was usually
and sometimes acceptable to pay a small bribe (Figure 9.1e). This is different from the views of
North Americans but it is very common practice in Cambodia to pay a small fine to traffic police. In
fact, traffic police are not paid a living wage and make their money from receiving these small bribes
(GR Armstrong, personal observation).
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9.3.4 General values and attitudes towards corruption and bribery
Perceptions, values and attitudes about corruption and bribery derived from the survey are
summarized in Figures 9.2 a-d. In general, all groups strongly agreed or agreed that there was
widespread political and business corruption in Cambodia. The only exceptions were that
government officials tended to dissent from the view that there was corruption in politics in the
country and business leaders did not see businesses as corrupt. All groups with the exception of
INGO executives believed that it was acceptable and commonplace to pay bribes to government and
businesses to speed up a transaction. The views of the executives of the aid agencies is more in
common with the aspirations of the Global Compact and certainly in line directives from large notfor-profit organizations and governments (Bribery Act, 2010; Gates Foundation, 2012).
Using standards defined by the developed world, corruption in Cambodia is considered rife. In
2014, Transparency International released its findings of the world’s most corrupt counties.
Cambodia ranked 135 out of 177 countries examined and was ranked the worst in South East Asia.
Despite passing an Anti-Corruption Law in 2010, Transparency International maintains that
Cambodia remains mired in bribery and corruption but it is also true that measures of corruption used
by Transparency International are based on western values and perceptions. The Anti-Corruption
Law provides severe penalties for bribery and corruption but there is neither protection for whistleblowers nor any commitment to support enforcing the bill. Areas of identified corruption include:
frank bribery; obtaining medical services; dealing with traffic violations; and obtaining license’s and
permits. The results of the current survey underscore, the systemic pervasiveness of corruption from
the lack of commitment to honesty and fairness, to the collective ethical framework expressed
particularly by bureaucrats and business leaders, to the personal ethical standards of individuals in
Khmer society. It is perhaps interesting to note, however, that although the views of the NGO
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executives closely aligns with “western views” characterized by Mancuso et al. (1998) and Peters &
Welch (1978), whilst the views of the front-line aid workers were often intermediate between Khmer
beliefs and those so-called “western views”. This was captured in the comments made by a number
of front-line workers in statements.
“It is easy to be critical and bring western views into the equation but it is more
important to recognize that the context is different in Cambodia”
The middle ground position expressed by the front-line workers reflects more accurately
the clash of cultures and values. (See: Discussion).
9.3.5 Personal values and attitudes towards corruption and bribery
Personal observations about bribery and corruption from the survey are shown in the Figures
9.3 (a-j). With the exception of aid agency executives, there was a strong consensus that it was
acceptable: to pay bribes to business (Figure 9.3a) and to government (Table 9.3b) for speedier
resolution of an issue; and to work for a business (Figure 9.3c) or an aid agency (Figure 9.3d) that
paid bribes to facilitate faster processing. The same groups, with the exception of the aid agency
executives, also believed that it entirely acceptable to ask for a bribe (Figure 9.3e) or to pay a bribe to
speed up the process (Figure 9.3f). In fact, the sentiment that bribes should be part of everyday
business was so strongly held by all groups (with the exception of executives of NGOs) that it was
not only expected that aid agencies should pay to speed up processes (Figure 9.3g) but, when asked
whether aid agencies might be excluded from bribery and corruption, the majority opinion by all
groups (except the NGO executives) was that they should not be exempted (Figure 9.3h). Continuing
with these trends, only NGO executives appeared to believe that NGOs should take the lead to act
with government and business not to pay “corruption taxes” (Figure 9.3i). In general, the front-line
workers appeared to be more pragmatic with their answers about bribery and corruption. Many
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respondents indicated that they knew that they should not support bribery and corruption and
acknowledged that working together to refuse to pay bribes might be one of the ways of ending these
practices that are completely endemic in Khmer society and culture. However, they tempered their
theoretical support for such idea with the pragmatic view that they needed to continue to offer
services in a timely manner. For example, a number of people made comments similar to the one
below:
“It is likely that all agencies refusing to take part in small payment to facilitate moving
items forward with government or business might stop the corruption but the practical,
day-to-day need to be able to work with communities and deliver support necessitates
paying the bribes”.
Finally, villagers, front-line aid workers and executives believed that corruption and bribery
should be controlled by legislation: in contrast, business leaders and government bureaucrats did not
agree with this statement (Figure 9.3j) which highlights the need to find a way to change this
perception if Cambodia is going to move to a more open and accountable society.
The challenge of cross-cultural perceptions of corruption is discussed at length by Hooker
(2008). He highlights that practices westerners consider questionable may be entirely functional in
other cultures and practices that a seen as acceptable in the west, such as resorting to the law for
breach of contract, may be viewed as dysfunctional in other cultures. In addition, there is a sense in
the developed world that we should took a universalist approach – that every society and culture
could or should work in the same way. Following this logic, it would be the case that corruption
would be same in every culture but this is patently not the case. Trust in the west is based on
systematizing and making actions transparent. This means that business is conducted by contracts and
agreements that are enforced by the law. In contrast, in many parts of the world trust is based on
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human relations, cemented by personal honour, family connections and friendship. This difference
between a rule-based culture that is universalist in its outlook and a relationship-based culture may be
at the heart of the differences observed in the current results.
9.3.6 Comparative framework of values and attitudes
The final section of the survey sought to ask comparative questions about corruption and
ethical behaviour (Figure 9.4 a-d). With the exception of government workers, all the groups
considered that government was more corrupt that business in Cambodia (Figure 9.4a). The
responses to the question about whether if aid agencies paid bribes made them as bad as a
government or business worker accepting bribes (Figure 9.4b) were ambivalent: whilst aid agency
executives held the view strongly that paying bribes under any circumstances was unacceptable, the
responses from the other groups were not consistent. Finally, two questions were asked about the
perceived ethical standards of men and women in government (Figure 9.4c) and business (Figure
9.4d). In general, with the exception of the business leaders and the government officials, the groups
consistently supported the contention that women had higher ethical standards than men. Despite
these responses suggesting that the majority of respondents perceive that women have higher ethical
standards than men, there were no significant trends in the data that could be linked to gender, age, or
length of time an individual was employed in the particular group
9.4: Analysis and conclusions
I set out to explore the ethical framework of society in general, business, government and
the NGO community in Cambodia on the fundamental principle that a shared ethical framework is
the basis of trust among potential partners. My working hypothesis was that there would be
differences among these various groups which would lead to less trust among the players: such
differences were revealed through the answers provided by the different groups who participated in
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the survey. In general, Khmer tended to support the concept of relationship-based concepts of
effective society whereas the westerners (the aid agency workers) reflected the values and attitudes of
a rule-based culture. In addition, differences emerged between the views of elites versus the public:
these differences were however consistent with differences reported in other jurisdictions (Chibnall
& Saunders, 1977; Maclennan 1945; Mancuso, 1999). Perhaps interesting among the findings was
the strong view expressed by villagers that bribery and corruption could and should be addressed by
law. In a society that has traditionally operated on a relationship-base, this perception that
codification of behaviour through law might bring about change is different from the expectation of
relying on traditional values. It may reflect the political currents swirling in a country that is
concerned about its fragile democracy, and still bears the scars of the Khmer Rouge regime and
genocide. It may be exacerbated further by the challenges in to democracy in neighboring Thailand
which are clearly raising tensions in Cambodia (GR Armstrong, personal observation).
One of the tenets of the current research was that understanding any differences in ethical
framework might help develop greater trust among players in Cambodia: in other words, the results
might reveal avenues to explore opportunities to bring governments, business and civil society closer
together. However, a clear divide is highlighted between the views of rule-based versus relationshipbased cultures from the current research, perhaps with a veneer of concern overlain about the
persistence of the fragile democracy in Cambodia. Instead of trying to standardize behaviours to
strengthen trust among the parties, it may be more beneficial to see cultural diversity and different
cultural approaches to dealing with issues as a strength rather than a weakness that needs to be bent
to a common approach and therefore look for ways to use relationship-based behaviours to work
together in solving issues relating to access to health care, bribery, obtaining licenses and permits and
governance processes in general. Certainly, the results suggest that the prevailing socio-cultural,
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political and business ethics will remain a challenge to the collaborative requirements of the Global
Compact unless greater trust through understanding of ethical differences can be wrought.
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Table 9.1: Comparison of ethical values of five groups of individuals in Cambodia
The highest ranked value is highlighted for each group. Note: for villagers and business leaders,
freedom is the highest rank value. In contrast, members of non-government organizations, including
front-line workers (NGO F/L) and members of corporate headquarters (NGO exec), ranked honesty
as the most important value. Although government bureaucrats who are Cambodian still rank
freedom as the most important value, they also rank honesty as relatively important.

Ethical values
Villagers

Business

Government

NGO F/L

NGO exec

(n = 53)

(n = 51)

(n = 52)

(n = 56)

(n = 50)

Compassion

4%

4%

5%

21%

9%

Equity

2%

6%

8%

3%

9%

Freedom

73%

61%

58%

25%

13%

Honesty

17%

24%

26%

44%

60%

Tolerance

4%

5%

3%

7%

9%
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Table 9.2: Comparison of the expressions of trust in institutions and individuals representing
those groups expressed by different groups of individuals in Cambodia (See Table 8.1 for key to
groups).
Trust in Institutions
Villagers

Business

Government

NGO (frontline)

NGO (exec)

(n = 51)

(n = 51)

(n = 50)

(n = 54)

(n = 50)

Courts
Considerable
Moderate
Little

65%
30%
5%

55%
32%
13%

53%
34%
13%

48%
40%
12%

67%
23%
10%

Government
Considerable
Moderate
Little

43%
26%
31%

56%
35%
9%

75%
23%
2%

52%
39%
9%

68%
26%
6%

Civil service
Considerable
Moderate
Little

70%
28%
2%

66%
31%
3%

72%
26%
2%

65%
28%
7%

75%
23%
2%

Aid agencies
Considerable
Moderate
Little

91%
7%
2%

82%
17%
1%

60%
15%
25%

85%
13%
2%

92%
6%
2%

Trust in Individuals
Villagers

Business

Bureaucrats

Aid Workers

NGO exec

(n = 51)

(n = 51)

(n = 50)

(n = 54)

(n = 50)

Judges
Considerable
Moderate
Little

89%
9%
2%

87%
11%
2%

65%
25%
10%

81%
13%
6%

94%
6%
0%

Politicians
Considerable
Moderate
Little

65%
23%
12%

44%
33%
23%

76%
5%
19%

63%
19%
18%

73%
19%
8%

Bureaucrats
Considerable
Moderate
Little

63%
19%
18%

72%
17%
11%

-

71%
25%
4%

74%
25%
1%

Aid workers
Considerable
Moderate
Little

92%
7%
1%

89%
8%
3%

67%
17%
16%

-

94%
6%
0%
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Figure 9.1a: Failing to report accidental damage to a car

Figure 9.1c: Accepting a gift for doing your job
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Figure 9.1d: Using your influence to get a job for a friend
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Figure 9.1b: Lying to protect a friend
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Figure 9.1e: Giving money to a police officer to avoid a fine

Figure 9.1g: Asking for a bribe
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Figure 9.1f: Breaking a promise
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Figure 9.1j: Politicians and ethical standards
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Figure 9.1h: Most important virtues to teach children
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Figure 9.1k: Loyalty to friends and obeying the law

Figure 9.1i: Values of people who run for election
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Figure 9.2c: Paying bribes is an everyday part of business
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Figure 9.2a: Political corruptions in Cambodia
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Figure 9.2d: Paying bribes is expected by government
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Figure 9.2b: Business corruptions in Cambodia
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Figure 9.3c: Working for a business that pays bribes
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Figure 9.3a: Paying a bribe to business to complete a task
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Figure 9.3d: Working for an aid agency that pays bribes
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Figure 9.3b: Paying a bribe to government for a task
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Figure 9.3e: Acceptable to ask for a bribe to speed up a process

Figure 9.3g: Aid agencies should pay bribes.
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Figure 9.3f: Is it acceptable to pay a bribe to speed up a process
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Figure 9.3h: NGOs should not pay bribes to government
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Figure 9.3i: NGOs should not pay bribes to business
60
50
40
30
20
10
0

Figure 9.3j: Bribery/corruption should be controlled
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Figure 9.4a: Is government or business as corrupt?

Figure 9.4c: Ethical standards women: men in government
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Figure 9.4d: Ethical standards women: men in business
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CHAPTER 10: Lucky Iron Fish Electrolytic (LIFE)
10.1 Introduction
The Lucky Iron Fish™ is a suitable alternative for iron supplementation programs. Used
regularly in cooking, there is a consistent amount of iron released into the cooking water and the
product is safe to use (See Chapter 3: Armstrong et al., 2015a). It has been shown that the fish can
improve the iron status in women suffering from iron deficiency anemia (Charles et al., 2015).
Although it has been estimated that the fish might provide up to 75% of the required daily
recommended intake of iron for a women aged 19-50 (Armstrong et al., 2015a; Charles 2012b),
there are no data currently available on the bioavailability of iron from the iron fish (see Chapters 3
& 11) and questions from potential purchasers about the bioavailability of iron that is released from
the fish.
At the same time, Lucky Iron Fish Inc. projects that demand for the fish will continue to
increase over the coming three years (see Chapter 8). To meet this demand, it will be necessary to
have a facility that can not only produce the fish at higher volumes but also guarantee quality and
safety of the product at a price point that is financially viable for the company. Currently, the
foundry in Phnom Penh, Cambodia cannot meet current demands and will certainly not be able to
increase production to satisfy projected future requirements.
The purpose of the current chapter was to explore a different option for producing the fish in a
facility that has the capacity to meet projected supply and demand and at the same time ensure
quality and safety of the product at an acceptable price-point.
10.1.1 Bioavailability of different types of iron
Iron is present in a number of different forms and the type of iron affects its bioavailability
(Hurrell, 1997). The intestine absorbs ferrous iron more readily absorbed than the oxidized ferric
form (Hurrell, 1997; Merrill et al., 2010): primarily because ferrous iron is more readily dissolved
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and the particle size is smaller, but also because the iron receptors in the gut interact predominantly
with the reduced form of iron (Aigen et al., 1999; Hentze et al., 2004). Although ferric iron can be
reduced by ferric reductase in the gut, the process is energy dependent, slow and inefficient
(Latunde-Dada et al., 2002). Iron released from the fish is likely in the form of ferrous sulfates and
fumarates which are absorbed in the intestine but it is difficult to estimate the amount of iron that is
available: some of the iron will be oxidized during cooking and may form iron complexes that will
reduce its overall bioavailability (Richins et al., 2008). At the same time, some of the ferric iron may
be reduced in the acid conditions of the stomach (Beiginger et al., 2009: Hu, 2005). Charles (2012b)
calculated the bioavailability of iron from the fish from studies by Geerligs and colleagues (2003).
They showed that the body absorbs about 10% of iron that leaches from cast iron pots during
cooking and this estimate was used in Chapter 3 of the thesis. The principal challenge in
extrapolating data from the iron-pot study is the difference between the composition of the iron pots
and the composition of Lucky Iron Fish™: although both the pots and the fish are cast iron, there are
no published data on the composition of the pots and the composition of cast iron can vary. For
future marketing, it is important to have a fish where the bioavailability of iron is known.
10.1.2 Types of iron used in fortification processes
Iron fortification programs commonly use either soluble iron compounds (such as ferrous
sulfate or fumarate) or elemental iron (Hu, 2005; Hurrell et al., 1989; 2002). However, there is
controversy about which type of iron is more appropriate (Hu, 2005) and there appear to be species
differences in the bioavailability of iron (Hurrell, 2002a & b; Hurrell et al., 2002). The soluble iron
compounds have the highest rate of bioavailability but may cause adverse sensory reactions in some
individuals (Hurrell et al., 1989; 2002). In contrast, elemental iron powders (derived either from
electrolytic iron or hydrogen-reduced iron) are associated with no side effects but their
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bioavailability is lower (Hurrell et al., 2002a & b; Zimmerman et al., 2005). There are two forms of
elemental iron: hydrogen-reduced, which is more commonly used in cereal fortification (Hurrell et
al., 2002) and electrolytic iron. Hydrogen-reduced iron is made by reduction of ground iron oxide to
its elemental state with hydrogen at high temperatures (Zimmerman et al., 2005). The disadvantages
of hydrogen-reduced iron are: the cost of production; it has the lowest purity of food-grade iron
powders (~96%) and is only about 49% as bioavailable as ferrous sulfate. In contrast, electrolytic
iron is made by electrolytic migration of iron from an iron anode through a ferrous sulfate solution.
The resulting iron powder costs less to produce than hydrogen-reduced iron, is >99% pure and has a
relative bioavailability of 77% compared with ferrous sulfate. Iron powders are also controlled by
the Food Chemical Codex (FCC) which require minimum levels of purity, assurance that there are
no trace elements or metals that would be harmful to human health and must have a particle size of
< 44µm.
Work was undertaken to develop a new form of the fish from electrolytic iron powder,
referred to as Lucky Iron Fish Electrolytic. This work was carried out in conjunction with the
research and development unit at Industrial Metal Powders Inc. (IMP) Pune, India. There are a
number of potential advantages in developing a new form of the fish from electrolytic iron. These
include: (1) designing a new form of the fish also opens the opportunities to strengthen the patent
and design patents of the fish as there are few companies in the world that produce electrolytic iron;
(2) in redesigning the fish some of the design features can be enhanced to improve the patents; (3)
IMP are ISO certified annually to produce FCC-grade electrolytic iron powder which reduces costs
for safety and quality assurance; (4) IMP have production capacities that could meet projected
demand for the fish; and (5) IMP have high social and environmental standards that would enhance
the B-Corp certification of Lucky Iron Fish Inc.
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This Chapter presents data exploring the structure, composition and safety assurance issues of
Lucky Iron Fish Electrolytic compared with Lucky Iron Fish™.
10.2 Design of Lucky Iron Fish Electrolytic (LIFE)
Lucky Iron Fish Electrolytic (LIFE) was constructed from electrolytic iron powder. The
powder, obtained by electro-deposition on the cathode through a ferrous sulfate solution, is an
amorphous, lusterless, greyish powder. The powder is stable in dry air and meets FCC specifications
(see Table 10.1). Using a proprietary 3D imaging process, the shape and features of Lucky Iron
Fish™ were copied and the surface features enhanced to increase the definition of the fins, eyes, tail
etc. and the surface sheen on the prototype new fish. The 3D images for the template are shown in
Figure 10.1. The 3D imager then printed a tool punch and die mold (Figure 10.2). Electrolytic iron
powder was then compacted in the punch and tool die using a commercially available compactor at
150-ton pressure. The final version of LIFE is shown in Figure 10.3.
10.3 Methodology
10.3.1 Physical properties of Lucky Iron Fish Electrolytic (LIFE) and Lucky Iron Fish™
The physical properties including weight, length, surface area, acid insolubility, apparent
density, hydrogen loss and particle size were determined using standard techniques. In addition, the
internal microstructure of the two types of fish was compared. Five Lucky Iron Fish™ and five
Lucky Iron Fish Electrolytic were cut in half and the internal surface subject to electron microscopic
examination and a scanning electron microscope. Ten sites were chosen at random from the
electromicrographs, and the images analyzed for the presence, proportion and size of ferrite particles,
presence and proportion of Pearlite and graphite flakes and space between the ferrite particles.
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10.3.2 Release of minerals and trace elements during cooking with Lucky Iron Fish
Electrolytic (LIFE)
To determine the release of minerals and trace elements during cooking Lucky Iron Fish
Electrolytic (n = 7) were boiled for 10, 30 or 60 minutes in 1L distilled water acidified with lemon
juice to pH 3.3. The fish were boiled in sterilized glass containers that had been acid washed to
eliminate any possibility of contaminants leaching from the cooking pot. In addition, distilled water
alone and distilled water acidified with lemon juice (pH 3.3) but with no fish were used as controls.
At the end of the boiling period, three samples (15mL) of water were collected from each pot and
tested using inductively-coupled plasma optical emission spectroscopy ICP-OES, (Varian Vista Pro,
Laboratory Services Division, University of Guelph) to determine the presence of minerals and trace
elements. These included in the analysis were: aluminum; antimony; arsenic; beryllium; boron;
cadmium; chromium; cobalt; copper; iron; lead; manganese; mercury; molybdenum; nickel;
selenium; tin; titanium; and zinc. The equipment was standardized daily using control samples for
routine analysis. Statistical differences between the amount minerals and trace elements released
among treatment groups were determined using a Students’ ‘t’ test with significance set at p<0.05.
10.3.3 Effect of cooking time on the release of iron from Lucky Iron Fish Electrolytic
(LIFE)
The relationship between cooking time and iron release from Lucky Iron Fish Electrolytic was
determined by cooking fish for 1 hour in acidified (pH 3.3) distilled water (n = 7). The cooking
containers were sterilized and acid washed before use to ensure the absence of contaminants.
Acidified (pH 3.3) distilled water was boiled for 1 hour without the fish. Three 15 mL samples of
water were taken from each experiment at 5-minute intervals (starting at 10 minutes and ending at
60 minutes). The samples were analyzed for iron content using ICP-OES as described above.
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10.4 Results
10.4.1 Physical properties of Lucky Iron Fish Electrolytic (LIFE) and Lucky Iron Fish™
A comparison of the physical properties of the two types of fish is shown in Table 10.1.
Where appropriate reference standards derived from the Food Chemical Codex are listed for
comparison. Electrolytic powder and the Lucky Iron Fish Electrolytic comply with the Codex
standards – all of the parameters exceed the standards. In a number of parameters the two types of
fish are similar but they differ in two important ways: first Lucky Iron Fish™ is more acid insoluble
suggesting that there would be less bioavailable iron released from Lucky Iron Fish™ and the
Lucky Iron Fish Electrolytic is less dense and weighs less which would be an advantage in
distributing the product.
The internal microstructure of the cast iron versus electrolytic iron fish is shown in Figures
10.4 and 10.5. Lucky Iron Fish Electrolytic was primarily (> 96%) composed of tightly opposed
ferrite particles predominantly 50-60 µm in diameter, with clearly defined inter-particle boundaries
with relatively little space between the ferrite particles. This type of composition was consistent
across all sites tested. In contrast, internal microstructure of Lucky Iron Fish™ was less
homogenous with a variable mixture of graphite flakes 2-5 µm in diameter and up to 100 µm in
length in a matrix of Pearlite lamellae and loosely defined, smaller ferrite particles (20-25 µm in
diameter). The composition of varied Lucky Iron Fish™ from site to site. The differences between
the two types of metal, reflects loose structure typical of the grey cast iron of Lucky Iron Fish™
with smaller ferrite particles interspersed with contaminants compared with the compact structure of
the electrolytic iron of Lucky Iron Fish Electrolytic.
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10.4.2 Release of minerals and trace elements during cooking with Lucky Iron Fish
Electrolytic (LIFE)
The release of all of the minerals and trace elements tested using different cooking times is
shown in Table 10.2. Although some of the levels of minerals and trace elements were elevated in
some of the samples, none of these increased concentrations exceeded the WHO water quality
standards (WHO, 2011). Levels of arsenic, beryllium, boron, cadmium and mercury were all below
the minimum level of detectability for the assay. Although low levels of antimony, cobalt,
molybdenum and selenium were detected in the water samples, usually in increasing amounts with
the length of cooking time, these slightly raised levels were not significantly different (p > 0.05)
from control levels (distilled water and lemon juice but no fish). There were, however, significant (p
< 0.05) increases in the levels of aluminum, chromium, copper, lead, magnesium. Manganese,
nickel, tin, titanium and zinc compared with controls.
10.4.3 Effect of cooking time and acidity on the release of iron from Lucky Iron Fish
Electrolytic (LIFE)
The relationship between cooking time, acidity and iron release from Lucky Iron Fish
Electrolytic is shown in Table 10.3b and Figure 10.5. At 10 minutes cooking time in pH 5.5 (2-3
drops of lemon juice) 2.5 + 0.3 µg/mL iron was present in the water increasing. There was a linear
relationship in the amount of iron released (Figure 10.5).
10.5 Discussion
Work presented in the current chapter was undertaken to develop a version of the fish with
three improvements: (1) a product where not only the release of iron but its bioavailability could be
more accurately predicted; (2) a product which could be produced reliably at the volume necessary
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to meet the current and predicted sales demand; and, if possible, (3) a product that might offer a
business competitive advantage in the market place.
Although electrolytic iron is not as readily absorbed by the body compared with ferrous
sulfate: it has been calculated that 77% of the iron is bioavailable (Zimmerman et al., 2005), in
contrast to the current version of the Lucky Iron Fish™ it is possible to predict the bioavailability of
iron more accurately. Using data derived from the current chapter and chapter 4 in the thesis, the
bioavailability of iron from the two types of fish is shown in Table 10.4.
There are several significant advantages of the Lucky Iron Fish Electrolytic. These include:
production and quality assurance IMP, Pune, India already produces Food Codex approved
electrolytic iron powder in ISO 2012 approved processes and has the capacity to scale-up production
to meet the predicted demands for Lucky Iron Fish Inc. over the next five years and beyond); there
is a quality control and safety assurance process already available in the factory which is externally
verified and audited once a month (this reduces costs of production for Lucky Iron Fish Inc. and
provides an externally validated safety assurance process); the weight of Lucky Iron Fish
Electrolytic is slightly lighter than Lucky Iron Fish™ which will reduce shipping costs in the
longer-term for the company, increasing profit margins); IMP is already recognized internationally
for its social and environmental sustainability practices (there are opportunities for significant
additional local employment in production and quality control; in packaging and in distribution); the
current government of India, representing a county with a population of one billion people has
identified iron deficiency and iron deficiency anemia as a critical social and health issue and have
made resources available in each of the States for programs designed to address these problems (the
cost of shipping within India and the market make this attractive for Lucky Iron Fish Inc. in addition,
there is documented iron deficiency anemia in the country with lower prevalence of
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hemoglobinopathies); the credibility of partnership with IMP would be significant with major
international aid agencies who already promote use of electrolytic iron powders for fortification
processes worldwide due to the reliability of the product and the known bioavailability of the metal
powder. Providing a satisfactory contract can be negotiated the only disadvantages of switching
production to Lucky Iron Fish Electrolyic in India would be the need to complete clinical trials on
the efficacy of Lucky Iron Fish Electrolyic compared with Lucky Iron Fish™, and the fact that
production and therefore the social impact in Cambodia would cease.
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Table 10.1 Comparison between physical properties of Lucky Iron Fish™ (LIF) and Luck Iron
Fish Electrolytic (LIFE) with reference to standards and FCC specifications where
appropriate.

Standards

FCC
specifications
for iron
powders

Electrolytic
iron powder

Lucky Iron
Fish™

Lucky Iron
Fish
Electrolytic

Weight

-

-

-

170 - 200 g

140 – 160 g

Length

-

-

-

100 cm

100 cm

Iron (ferrous)

IS 4284-1967

> 97 %

99.5 %

86 %

99 %

Acid insoluble

IS 4284-1967

< 0.2 %

0.05 %

1.45 %

0.05 %

Arsenic

IS 4284-1967

< 0.01225 ppm

< MDL

< MDL

< MDL

Lead

IS 4284-1967

<0.0005 ppm

0.0002 ppm

< MDL

< MDL

Mercury

IS 4284-1967

< MDL

< MDL

< MDL

< MDL

Apparent
density

MPIF 28

> 3.372 g/cc

6.93 g/cc

6.5 g/cc

6.92 g/cc

Hydrogen loss

MPIF 02

< 0.5253 %

0.5201 %

-

0.5203 %

Particle size

MPIF 05

85% < 325 nm

95% < 325 nm

-

95% < 325 nm

Parameters

MDL = Minimum detection level (limit of sensitivity of the assay)
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Table 10.2 Mineral and trace element release from Lucky Iron Fish Electrolytic after boiling in
acidified water (pH 3.3)

Mineral/trace
element
(µg/L)

Time fish boiled in water

MDL
(µg/L)

Lemon
juice

10 min

30 min

60 min

WHO
guidelines

Aluminum

1.9

< MDL

12.7 + 2.1

10.3 + 1.6

10.5 + 1.6

100

Antimony

0.01

< MDL

0.02 + 0.01

0.02 + 0.01

0.02 + 0.01

20

Arsenic

0.2

< MDL

< MDL

< MDL

< MDL

10

Beryllium

0.04

< MDL

< MDL

< MDL

< MDL

-

Boron

0.01

< MDL

< MDL

< MDL

< MDL

500

Cadmium

0.024

< MDL

< MDL

< MDL

< MDL

3

Chromium

0.76

0.07 + 0.0

1.4 + 0.6

1.8 + 0.7

2.3 + 0.7

50

Cobalt

0.04

< MDL

0.05 + 0.01

0.05 + 0.01

0.04 + 0.01

-

Copper

0.5

2.9 + 1.5

11.3 + 1.6

7.7 + 1.2

7.4 + 1.3

2000

Lead

0.05

0.2 + 0.1

0.2 + 0.1

0.3 + 1.5

0.2 + 0.2

10

Magnesium

0.05

0.51 + 0.2

0.56 + 0.9

0.61 + 0.6

0.64 + 0.9

-

Manganese

0.1

1.6 + 0.6

1.6 + 2.1

2.3 + 2.7

2.8 + 3.9

400

0.004

< MDL

< MDL

< MDL

< MDL

0.05

Molybdenum

0.1

0.01 + 0.01

0.01 + 0.01

0.01 + 0.01

0.01 + 0.01

70

Nickel

0.5

0.5 + 0.00

1.3 + 0.6

1.5 + 0.5

1.0 + 0.5

-

Selenium

0.12

0.1 + 0.01

0.2 + 0.1

0.2 + 0.1

0.2 + 0.1

-

Tin

0.5

< MDL

0.9 + 0.1

1.4 + 0.4

2.2 + 1.5

-

Titanium

0.1

0.3 + 0.1

0.7 + 0.1

0.8 + 0.1

0.9 + 0.1

-

Zinc

0.48

4.4 + 1.7

28.5 + 7.5

34.1 + 5.8

39.0 + 7.0

4000

Mercury

MDL = Minimum detection level (limit of sensitivity of the assay)
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Table 10.3 Comparing bioavailable iron released from Lucky Iron Fish™ and Lucky Iron Fish
Electrolytic

Type of fish

Lucky Iron Fish™
Lucky Iron Fish Electrolytic

Amount iron
released1

Estimated
bioavailability

Amount of iron
bioavailable

7.96 + 0.872 µg/mL

5-15%3

0.39 – 1.19 µg/mL

2.5 + 0.34 µg/mL

77%5

1.93 µg/mL

1.

Iron release from fish boiled for 10 minutes in acidified, distilled water

2.

Data derived from Figure 4.3, Chapter 4

3.

Estimates of bioavailability from Hurrell (2002a & b) and Charles (2012b)

4.

Data derived from Figure 10.5, Chapter 10

5.

Bioavailability of electrolytic iron determined by Zimmerman et al., 2005

Table 10.3b Mean + sem iron release (µg/mL) from the Lucky Iron Fish Electrolytic with
different cooking times and levels of acidity (n = 7) for each data point
5 min

10 min

20 min

30 min

60 min

pH 6.5

ND

ND

0.5 + 0.1

0.7 + 0.2

0.9 + 0.2

pH 6.0

ND

1.9 + 0.1

2.3 + 0.3

3.8 + 0.6

4.1 + 0.9

pH 5.5

ND

2.5 + 0.3

3.1 + 0.5

4.3 + 0.5

5.2 + 1.5

pH 5.0

ND

2.8 + 0.2

3.8 + 0.5

5.7 + 0.8

6.6 + 1.1

pH 4.5

0.3 + 0.1

3.6 + 0.3

4.1 + 0.7

5.9 + 0.9

6.9 + 1.6

pH 4.0

0.4 + 0.1

3.8 + 0.5

4.4 + 0.8

6.8 + 0.7

7.1 + 1.5

pH 3.0

0.4 + 0.2

3.9 + 0.5

4.1 + 0.9

6.8 + 0.9

7.4 + 1.7
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Figure 10.1 Design templates for Lucky Iron Fish Electrolytic (LIFE)

Modified design templates for Lucky Iron Fish Electrolytic. Surface details of the fish have been
enhanced compared with Lucky Iron Fish™ (See figures 4.1 & 7.4)
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Figure 10.2 Tool punch and die for creating the Lucky Iron Fish Electrolytic (LIFE)

Tool and punch die created by Industrial Metal Powders (Pune, India) to produce the Lucky Iron
Fish Electrolytic.
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Figure 10.3 Comparison of Lucky Iron Fish™ and Lucky Iron Fish Electrolytic (LIFE)

The image on the left shows the Lucky Iron Fish™ and the one on the right the Lucky Iron Fish
Electrolytic (LIFE). The obvious differences include the greater detail on the surface of LIFE but at
the same time, the smoother (shinier) surface). The LIFE is slightly smaller and lighter weight.
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Figure 10.4 Internal microstructure of the two fish
A. Representative electron micrograph of the internal surface of the Lucky Iron Fish Electrolytic

F
F
F

F
50μm
Note the densely packed ferrite particles (30-60µm in diameter) marked “F”. There are virtually no
spaces or additional material in the metal.
B. Representative electron micrograph of the internal surface of the Lucky Iron Fish™

G
P

F

P

F

P

50μm

Note the very different internal surface of the Lucky Iron Fish™. Characteristic of grey cast iron, the
Lucky Iron Fish™ consists of graphite flakes “G” in a matrix of Pearlite lamellae “P” and a small
number of ferrite particles
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Figure 10.5 Scanning electron micrographs to show the internal structure of the Lucky Iron
Fish™ and Lucky Iron Fish Electrolytic (LIFE)
A. Representative scanning electron micrograph of the internal surface of the Lucky Iron Fish™

B. Representative scanning electron micrograph of the internal surface of the Lucky Iron Fish
Electrolytic
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Figure 10.6 Iron release from Lucky Iron Fish Electrolytic (LIFE)
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CHAPTER 11: Discussion and conclusions
11.1 General introduction
Assessment of an organization’s social and health impacts is a developing field. In general,
social and impact assessments are operated as two separate solaces because the majority of products
available on the market are either health innovations where the imperative for impact is seen solely
as changes in health metrics or other interventions where the drivers are primarily linked to social
impacts and therefore more readily focused on social impact assessment. The Lucky Iron Fish™
presents a challenging concept for impact assessment as the principal driving force is to improve the
iron status of people, and therefore the main metric is health improvement but the company is set up
as a social enterprise where it is just as important to create social value and to be able to assess the
social impact of scaling up the use and distribution of the fish. There are no clear frameworks
available to emulate where both social and health impact assessment has been carried out in
conjunction with each other.
The next sections document the current approaches to social and health impact assessments
with a review to the extent to which Lucky Iron Fish™ impacts the community in each category.
This is followed by a section detailing a combined impact assessment, which could be used in the
medium to long-term to outline the overall impact of Lucky Iron Fish™.
11.2 Social Impact Assessment
Social impact assessments can include both retrospective and prospective studies aimed at
identifying a particular problem or problems, reviewing the strategies developed and implemented,
identifying and ranking the risks and opportunities and exploring the outcomes and behavioural
changes that result from the intervention (Becker, 2001). Social impact assessments are recognized
at three levels: the micro-level (also known as the demographic impact assessment) in which
changes in the behaviour of individuals are identified (Becker, 2001); the meso-level which charts
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the behaviours of country or region specific groups of actors, for example small- to medium-sized
NGOs, clinics, private and foundations (Blake & Mouton, 1976); and the macro-level where the
behaviour of national or international organizations is assessed for behavioural change (Rubington
& Weinberg, 1981). It is interesting to note that most social impact assessments suggest that it is
more difficult to identify precise metrics at the micro-level and easier to identify metrics and actions
at the meso- and macro-level (Becker, 1997; 2001; Senge, 1990) which is contrary to the situation
with the Lucky Iron Fish™ where there are clearer performance metrics that can be observed at the
individual and family level.
11.2.1 Social impacts of Lucky Iron Fish™
11.2.1.1 Local production of the Lucky Iron Fish™ in Cambodia
The fish is produced locally in Cambodia by workers to the Ly Yi Iron and Aluminum
Foundry, Phnom Penh providing additional work for up to 6 workers trained in the process of sandmold casting of molten cast iron. This not only provides local employment but also provides skillstraining for the additional employees. The cast iron used for this process is recycled car parts that
are sourced by the foundry. The foundry is currently working at capacity and is able to produce
about 1,000 fish every 2-3 weeks, which does not meet the increasing business demand for fish at
the moment.
11.2.1.2 Local production of the Lucky Iron Fish™ in Canada
The Bowmanville Foundry in Canada employs an additional four workers to produce fish in
their facility which includes skill-training for the additional personnel. The Foundry has the capacity
to produce up to 2,000 a week on a 2-weekly cycle which is only just sufficient to meet current sales.
This level of production will not meet the expected demand over the next 3-5 years.
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11.2.1.3 Quality control process for the Lucky Iron Fish™ produced in Cambodia
The Ly Yi Iron and Aluminum Foundry does not have facility to test the purity of the raw
iron from which the fish are made, nor facilities to test the safety of the product once it has been
manufactured. The Royal University of Phnom Penh employees four part-time 4 graduate students
in diagnostic facilities at the University to carry out the quality assessment and safety assurance
processes. However, the tests available in this diagnostic facility do not provide the level of
sensitivity necessary for complete assurance on the absence of arsenic contamination and further
tests have to be completed at the Laboratory Services Division, University of Guelph to be assured
that the product is safe for human use. Details of the types of tests completed by Laboratory
Services are provided in Chapter 4.
11.2.1.4 Quality control process for the Lucky Iron Fish™ produced in Canada
The Bowmanville Foundry produces cast iron cookware and has internal processes for
ensuring that the cast iron meets Canadian Health standards for a kitchen product used in the
preparation of food for human consumption. The Foundry routinely tests each batch of molten cast
iron for a series of potential contaminants. Any batches where the levels exceed the minimum
standards required by Health Canada are rejected. The Foundry does not, however, test for the
potential that lead and mercury might be contaminants so Lucky Iron Fish Inc. completes safety
assurance tests on samples of fish from each batch through Laboratory Services Division, University
of Guelph. Details of the types of tests completed by Laboratory Services are provided in Chapter 4.
11.2.1.5 Packaging for Lucky Iron Fish™ in Cambodia
The fish produced for sale and distribution in Cambodia are packaged in palm-leaf boxes
(See Chapter 7: Figure 7.2). The boxes are woven together by workers at the Wahttan Artisans
Cooperative, many of whom have physical or mental disabilities – and the majority are landmine
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victims. Lucky Iron Fish Inc. is currently providing work for approximately an additional 50 fulltime workers weaving the boxes some of whom are trained to be able to make the boxes. The
packages are culturally sensitive, meet the company requirements for using sustainable materials
(palm-leaves are a renewable resource and can be composted) and provide a sustainable means of
packaging the fish.
11.2.1.6 Packaging for Lucky Iron Fish™ for international distribution
The international packaging (See Chapter 7: Figure 7.3) is produced by Friends International,
Phnom Penh, an NGO that recruits and trains street youth (many of whom have been drug or alcohol
abusers). The boxes are made from recycled newsprint and the internal surface is designed to reflect
the national colours of Cambodia. Lucky Iron Fish Inc. is employing approximately 25 youth to
produce these boxes. However, the production costs of these boxes are too expensive for the
company and they have to be shipped to Canada for distribution, further increasing costs. The
company has recently moved to produce international packaging in Canada. These packs are made
from recycled cardboard and printed with vegetable ink. The fish and the educational material
provided with each fish are packed together by employees of the Adult Rehabilitative Centre (ARC)
Industries, Guelph: a government sponsored initiative employing people with cognitive and mental
challenges. Currently, the company is shipping 8-10,000 units per month and employing ~125
people at ARC Industries on a full-time basis. Whilst this approach does reduce labour costs, there
are transport and coordinating challenges linking supply from Bowmanville Foundry to the packers
and from the packers to the distribution office that increases costs and exposes the company to
errors or disruption of flow.
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11.2.1.7 Sales and training force in Cambodia
In the first iteration of the business plan, Lucky Iron Fish Inc. hired four Khmer staff as doorto-door sales personnel. They were trained in sales and to provide a roadshow that travelled from
village to village to introduce people to the concept of the Lucky Iron Fish™. The roadshow also
provided essential messaging about the importance of healthy diets and nutrition, in accordance with
the directives of the National Nutrition Working Group in Cambodia. This first business plan was
not successful (see Section 8), the team did not meet the sales targets so they were transitioned into
contract employees working to provide training for organizations that purchased a number of fish
and wanted to have training for their staff on how to educate women about iron deficiency and
effective use of the fish.
11.2.1.8 Distribution processes
The company is currently shipping between 8-10,000 units per month. During the initial
phases of growth, all the shipping and distribution was carried out in-house. This has recently been
outsourced to a company in the United States (chosen in a competitive bidding process).
11.2.1.9 “Buy-one, give-one” business model for Internet sales
The “Buy-one, give-one (BOGO)” business model is currently engaging 8-10,000 customers
a month in purchase of the fish and therefore purchase of a fish for the fish tank in South East Asia.
There are an estimated 350,000 million in the developed world who are iron deficient at some stage
in their lives so there is a considerable market for sale of the fish but individual sales through the
website whilst profitable (See Chapter 8) are labour intensive and the longer-term aspiration of bulk
sales to international development agencies or to national and international retailers may be a more
effective strategy in the longer-term. Any sales to retailers will also be on the basis of BOGO but the
profit margin per item would be lower than direct sales through the Internet (See Chapter 8).
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11.2.1.10. Prospects for Lucky Iron Fish Electrolytic (LIFE)
The company is currently in negotiation with Industrial Metal Powders Inc. (IMP) to develop,
produce and sell Lucky Iron Fish Electrolytic(LIFE). This will involve clinical trials on the impact
of LIFE on the iron status and health of women and children. Clinical trials on non-pregnant women,
pregnant women and school-age (5-12 years of age) children are expected to commence in Bihar
State in India in association with the research unit at Harvard University (USA) and Göttingen
(Germany). These projects will be funded jointly from a grant from the Saving Lives at Birth
(SL@B) Round 5 program to Lucky Iron Fish Inc., funds from the government of the State of Bihar
and from research funds at Harvard and Göttingen.
11.2.2 Health impacts of Lucky Iron Fish™
The health impacts of Happy Fish were reported by Charles et al. (2015) and included a
reduction in the prevalence of anemia and an improvement in circulating and stored iron levels The
midline data for the clinical study on the health impact of the Lucky Iron Fish™ (see Chapter 6)
suggest that similar positive results will be obtained with this version of the fish.
11.3 Combined social and health impact assessment
Combined social and health impact assessment is an emerging field. There are currently two
predominant forms of assessment that are being used: (1) Results-based Management and
Accountability Framework document (RMAF) which is being used commonly by agencies seeking
to demonstrate impact from government and non-governmental sources of funding i.e., Grand
Challenges™ Canada and America; Saving Lives at Birth initiatives; Gates Foundation; USAID and
UKAID and other international organizations or partnerships; and (2) Social Value Creation – a
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more business-like approach seeking to identify and quantify value creation across a spectrum of
social aspects (reference)
11.3.1 Results-based Management and Accountability Framework for impact assessment
A Results-based Management and Accountability Framework (RMAF) seeks to characterize
the social and health impacts of an intervention on the following categories: (1) lives saved; (2) lives
improved; (3) lives touched (a) beneficiaries with access to the product/services; and (b)
intermediaries who accessed the product and/or service and show improved knowledge/
attitudes/behaviours; (4) jobs created; (5) changes in policy, legislation and/or regulation; and (6)
building tools and capacity to scale-up. An example of the RMAF for the Saving Lives at Birth
grant to Lucky Iron Fish Inc. to support scale-up through increased research is shown in Table 11.3.
An RMAF is primarily designed as a management tool to determine milestones and define outcomes
from research funding but is constructed in a way that it allows the sponsoring agency to verify
social and health impact through the degree to which the metrics in the RMAF are achieved or not.
The advantage of an RMAF is the succinct and verifiable metrics but the drawback is the limited
view of social impact and the challenge of creating metrics that can actually be measured and
assessment without narrative or commentary.
11.3.2 Social value creation
There is little consensus about integrated cost–related measures or estimating social value
creation (Tuan, 2008). A review of different approaches is provided here: two of them would be
considered the more traditional approach (cost-benefit or cost-effectiveness analyses) whilst the
other and derivatives of this alternative approach are less traditional (Aeron-Thomas et al. 2004;
Brest & Harvey, 2008; Clark et al., 2004). All of the approaches have been used with for-profit,
purely philanthropic and non-profit organizations but, for reasons that will be articulated, even the
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alternative models fail to capture the essence and breadth of the social impact with social impact
investing. Therefore, the current section concludes with a more holistic approach to identifying (if
not measuring) social impact using a framework to describe impact in a number of contexts.
11.3.2.1 Cost-benefit analysis
Cost-benefit analysis seeks to monetize social and health benefits and costs associated with
an intervention or action to identify whether the benefits outweigh the costs (Karoly & Bigelow,
2005). It required comprehensive identification of program impacts and costs including those that
are direct and indirect and those that are both tangible and intangible. It depends entirely being able
to put a dollar figure on each activity and therefore requires assumptions about the relative value of
particular tasks and achievements. The intent is to provide in simple monetary terms the net benefits
to society and stakeholders and assumes that stakeholders appreciate the conversion of tangible and
intangible benefits into a dollar value (Acumen Fund, 2008; Clark et al., 2008; Karoly & Bigelow,
2005). In general, this type of analysis appeals to investors and those with an understanding of
financial accounting but may not be understood by the general public and some of the stakeholders
including the end-users (Karoly, 2008). Nevertheless, cost-benefit analysis is widely used in private
and public enterprises and is increasingly used in the not-for profit section (Karoly, 2008; Karoly et
al., 2001: Tuan, 2008).
11.3.2.2 Cost-effectiveness analysis
Cost-effectiveness analysis attempts to calculate the costs of non-monetary benefits or
outcomes. It is usually expressed as the cost to complete an activity. This type of analysis has been
promoted to mitigate concerns about making monetary assumptions over intangible or opaque
outcomes (Trelstad, 2008; Tuan & Jones, 2000). The principal challenge with this approach is that it
fundamentally addresses specific circumstances and it is difficult to generalize the cost of doing one
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activity compared with another because the context of the two situations is entirely different. The
purpose of a cost-effectiveness analysis is two-fold: (1) to combine outcome measures with costs
and policy alternatives so that similar activities/outcomes can be ranked in terms of relative
effectiveness; and (2) avoid uncertainties about assumptions over translating outcomes into
monetary units. The only consistent metric that has emanated from this approach across different
analyses is impact on quality-adjusted life years or disability–adjusted life years (Trelstad,
2008Tuan, 2008).
11.3.2.3 Alternate approaches for social value creation assessment
Innovative approaches include attempts to calculate the “social return on investment’ (SROI).
Initially developed as an alternative by Scholten et al. (2006), this approach seeks to demonstrate the
social, enterprise and blended value to society compared to total investments in the activity or
intervention. The principal tenet of social return on investment analysis is to create metrics to
determine and report on the social outcomes of an intervention or enterprise and set this against the
investment costs to achieve this metric (Acumen Fund, 2008; Aeron-Thomas et al., 2004; Tuan &
Jones, 2000). In this way, it is possible to avoid the criticism of monetary assumptions of outcomes
and creates a metric that can be used in comparative terms despite differences in the types of
interventions and outcomes. This approach has then been adapted and used in a number of
organizations and businesses in the for-profit and not-for profit business world but still suffers from
the same limitations. These limitations include: the challenge of creating and valuing assumptions;
discount rates; timeframes for effective analysis; interdependencies among interventions including
increased financial standing opens opportunities for individuals to buy into further advances and
interventions that may confound the outcomes of the assessment of the primary intervention; and
value judgments.
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Kiser et al. (2014) recommend an alternate approach involving a more qualitative analysis
over a series of potential dependencies and activities. The domains of this type of analysis are
shown in Figure 11.1 adapted from the work of Kiser and colleagues (2014). These authors
recommend a qualitative approach to describe social value creation in six paradigms that
collectively contribute to a concept of the total social value creation of an enterprise or intervention.
The paradigms include: innovative features and impact of design; the development and promotion of
new product(s); leadership in the sector in business/social impact business; sustainability systems
that underscore not only the sustainability of the product but every aspect of the business associated
with the product/intervention; community development and involvement in the product/intervention;
and new market development. The approach used by Lucky Iron Fish Inc. addresses each of these
domains and a review of these features is provided in Table 11.4.

11.4 Discussion
The purpose of the current research was to develop and test a model for commercialization
of a small health innovation the Lucky Iron Fish™ in a developing country. As such the project
involved elements of science, social science and business, bringing these elements together to create
a sustainable way of producing, marketing, distributing and selling a product with a long-term vision
of “putting a fish in every pot”.
There were several fundamental aspects to the project: it was important to develop a product
that could be protected by patent and develop a reliable production chain producing a product whose
safety and quality and assurance could be guaranteed, but it was equally important to provide
additional scientific evidence to substantiate the use of an iron ingot as an effective means of
providing an adventitious source of iron.
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At the end of four years, both principal objectives have been achieved. After revising the
shape and features of the iron ingot, it was branded as the Lucky Iron Fish™ and so it could be
protected by patenting and trademarking. The fish is safe to use i.e., it does not release
contaminants that might be harmful to human health, and releases a consistent amount of iron under
specific chemical conditions (acidified with a little citrus juice) when the fish is boiled in water or
soups that are commonly used in Cambodia. Further, based on work in three regions of rural
Cambodia, it has been possible to show that a typical diet lacks a sufficient level of iron (and a
number of other essential elements in a diet) compared with recommended daily intakes. Finally, a
clinical trial for the impact of using the Lucky Iron Fish™ on the iron status of women was started.
The clinical trial was designed specifically to address concerns that arose from the previous clinical
trials using the Happy Fish.
At the same time, the various options for establishing a sustainable small business enterprise
have been explored. Lucky Iron Fish Inc. was set up in Canada in December 2012 and registered as
a company in Cambodia in 2014. Like any start-up, the company has gone through a number of
challenges and issues that have informed the current business model and approach but throughout
there has been a focus on social enterprise with social good woven into many aspects of the day-today operations of the company. The original concept of door-to-door sales in Cambodia failed and it
has been difficult to persuade international agencies to purchase Lucky Iron Fish™ in bulk.
However, eventually, the company was set-up as a “buy-one, give-one” social enterprise. Sales
through the Internet operated by the Canadian side of the business not only creates a stable financial
base for the company but also provided a sustainable source of fish that could be donated or sold at
a reduced price to people in need in Cambodia – people who do not have the means to afford a fish
themselves. Employing the potential of social media coupled with the strong message from the
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“buy-one, give-one” business model, the company has a positive financial outlook. To reach this
point, the company has been capitalized with about $1.3 million of external funding (private
investment and loan) and has been able to attract research monies of at least another $700 thousand
to expand research initiatives. The current business model of the company has provided a case-study
to look at the social impact of the company and the activities and actions have been set in
comparison and contrast with social enterprises that are currently operating.
11.4.1 Challenges working with the various groups and ministries in Cambodia
The project has faced a number of significant challenges in addition to those usually
experienced by a company in start-up phase. Most of these revolve around the issues of working
within the context of the political situation in Cambodia and the cultural differences in the
behaviours and expectations of Cambodian culture compared to western practices and beliefs. A
study was completed to show that there are substantial differences between the ethical and moral
frameworks of people among various sectors within Cambodia and that these sometimes align with
and sometimes differ substantially from the same frameworks among people committed to helping
Cambodia develop. Understanding these cultural differences may be the key to resolving some of
the challenges experienced in business operations in Cambodia. It is clear from the study reported in
Chapter 8 that fundamental differences exist in the ethical frameworks of players potentially
involved in the commercialization of Lucky Iron Fish™ and therefore trust in relationships will be
strained at best and even at risk.
One of the significant challenges to the whole project was the ethical approval of the
research in Cambodia. The two initial trials on the Happy Fish were completed under a blanket
ethical agreement between the research unit that Dr. Christopher Charles worked with – Research
Development International – and the Ministry of Rural Development. There is considerable inter-
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ministerial rivalry in Cambodia. Both the Ministry of Health, responsible for all experiments
involving human subjects, and the Ministry of Planning, responsible for fortification programs, were
significantly disgruntled that they had not been involved in approving the previous trials, nor were
they paid the “required” consultation fee. To make matters worse, it transpires that other Canadian
universities working in Cambodia regularly pay the required consultation fees to various
government ministries to obtain permission for work to proceed. For all the current projects
associated with this thesis, ethics approval for work with the Lucky Iron Fish™ was sought through
the Ministry of Health. The National Ethics Committee delayed approval of projects for more than
12 months on the grounds that they were still concerned about the process used for the work
including the Happy Fish and at times, the Ministry of Planning demanded payment of the required
consultation fees to obtain their approval to proceed. Finally, all government agencies refer issues of
nutrition to the National Working Group on Nutrition, which includes representatives of many of the
multi-national aid agencies (including USAID, Oxfam, WFP and UNICEF) as well as members of
the government on the Working Group. The National Working Group on Nutrition expect to be
informed and consulted on all clinical trials related to nutrition and usually provide advice to the
National Ethics Committee of the Ministry of Health on whether to proceed or not. Meeting with the
National Working Group on Nutrition turned out to be more challenging than expected until it was
revealed that they too were upset that the work on the Happy Fish had been completed without their
knowledge or support.
Eventually, after a great deal of discussion, the clinical trial for the Lucky Iron Fish™ did
receive full approval from the Ethics Committee of the Ministry of Health and from the local and
regional Public Health Authorities in Preah Vihear province. Furthermore, all attempts to extract the
payment of the required consultation fee from the Ministry of Planning have been resisted.
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Nevertheless, all these misunderstandings and rivalries substantially delayed the onset of current
clinical trial on the Lucky Iron Fish™.
11.4.2 Limitations of the scientific components of the project
Whilst the research reported in this thesis has significantly advanced our understanding of the
way that the Lucky Iron Fish™ works, there are a number of issues that still need to be addressed.
These include: (1) identifying longer-term impacts, if any, of using the Lucky Iron Fish™ on the
iron status of women; (2) possible issues of toxicity in combining use of the Lucky Iron Fish™ with
other iron supplementation programs – for example, the government initiative to provide all
pregnant women with 90 days of iron pills to boost iron levels during pregnancy, or the use of
micronutrient powders or iron-fortified products like soy sauce or fish sauce in conjunction with the
Lucky Iron Fish™; (3) the value or possible challenges in using adventitious sources of iron for
people living with chronic disease – there are data to suggest that people infected with HIV or
malaria do not tolerate iron supplements (Chandy, 2013; Semba & Clark, 2001). There has even
been one report that iron deficiency actually protects against malaria in children (Gwamaka et al.,
2012). It would be important to study these relationships more closely among affected populations
in Cambodia; (4) to date the data generated on the impact of the Lucky Iron Fish™ has focused on
changes in iron status of women. Children are particularly vulnerable to iron deficiency: the
condition affects physical and cognitive development (Charles 2012a; Grantham-McGregor, 2001;
Lozoff & Georgieff, 2006), reduces their abilities to concentrate and perform well in school and
reduces their overall energy levels (Davies et al., 1973; Desai et al., 1984; Walker, 1998). It is
estimated that 55% of children in Cambodia are iron deficient (Cambodian Demographic Health
Survey, 2014). It would be important to conduct studies on the effects of using the Lucky Iron
Fish™ on the iron status of children; (5) all the current clinical work on the use and impact of the
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Lucky Iron Fish™ has been completed in Cambodia – the Lucky Iron Fish™ is even branded with
the Khmer symbol “l” which translates into “good”. There is, to date, no evidence on the use,
compliance and impact in other cultures and groups. It would be important to develop a multicountry study on using the fish. This study might include: the impact of the fish on women in other
countries in South-East Asia; and/or other populations at risk such as aboriginal populations in
Canada, or particular demographic groups in the developed world where there are challenges for
people to overcome iron deficiency. These groups might include: vegans and vegetarians on diets
that could be low in iron; post-menopausal women who tend to find it more difficult to absorb iron;
post-partum women who cannot take iron supplements as the levels of iron in pills is too high to be
tolerated by neonates; and high-performance athletes who have additional demands for iron often at
levels that exceed iron available through diet; and finally (6) it would be important to determine the
relevance of using the Lucky Iron Fish™ for people who are anemic but do not suffer from iron
deficiency anemia – for example, people with genetic disorders of hemoglobin production.
Individuals who suffer from thalassemia have low circulating hemoglobin and are therefore anemic.
To compensate for the lack of circulating hemoglobin in the blood, the body attempts to boost iron
absorption from the intestines. This increased intake of iron can lead to iron overload and toxicity
(Hershko, 2010). Individuals who are thalassemic are advised to avoid iron rich foods and
supplements and may even be treated with compounds that chelate iron in the diet so it not available
for absorption (Hershko, 2010). It is possible, therefore, that the high proportion of individuals in
Cambodia with hemoglobinopathies (Cambodian Demographic Health Survey, 2014) may not
tolerate additional iron their diet supplied by the fish. This clearly needs to be studied in more detail.
Finally, in Chapter 3 I have demonstrated that the Lucky Iron Fish™ is safe to use because even
if there are any contaminants released that might be harmful to human health, the levels of these

264

noxious elements are below the acceptable levels published by the WHO. However, many of the
women in rural Cambodia are on a very low plane of nutrition and/or have significant concomitant
disease and this might affect their overall ability to tolerate potentially harmful contaminants. The
likelihood of this presenting a serious problem is probably very low but it remains an untested
hypothesis that might warrant future investigation. In addition, the current study only explores the
release of iron in water or two types of soup. There are several other ways that meals are prepared in
Cambodia and therefore further possibilities for cooking with the fish. However, no data has been
accumulated on cooking the fish in these other preparations.
11.4.3 Limitations of the business components of Lucky Iron Fish Inc.
11.4.3.1 Partnerships
Developing and sustaining partnerships and contractual arrangements always embody an
element of risk. A list of these partnerships for Lucky Iron Fish Inc., the nature of the relationship
and an assessment of the opportunities and risk of these arrangements is found in Table 10.1.The
critical issues that have emerged include: safe and reliable production of the fish in sufficient
volumes to meet demand; cost effective production and packaging; effective and cost-effective
strategic marketing and distribution mechanisms and decisions; equity allocation and decisionmaking; international marketing and the use of social media; and appropriate partnerships for
distribution of the fish from the fish tank (the output from the “buy-one, give-one” business model).
Identifying a safe and reliable source of raw iron for production of the fish was a significant
challenge. Arsenic contamination of soil and water in Cambodia is a major problem (Research
Development International, 2011) and finding a reliable supply of arsenic-free iron took several
months. Eventually, a small family business, Ly Yi Iron and Aluminum Foundry was identified just
outside the capital Phnom Penh as a possible production facility. This Foundry used scrap metal
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from imported cars for their source of iron: a source that proved to be contaminant free. However,
the size of the facility limited the production capacity and there is a constant concern about quality
control as the source of iron varies, the fish are cast in sand molds and the sand may be
contaminated with arsenic, and the fish are hand-polished after casting – all of which present an
opportunity for the introduction of contaminants. The Foundry normally produces tools so there are
no facilities on site for safety assurance. Safety assurance for the fish produced in Cambodia relies
on testing at the Royal University of Phnom Penh but there are no facilities in Cambodia that have
the ability to complete all the tests necessary for total safety assurance. Moreover, the assay
facilities in the Universities in Cambodia, do not have the appropriately sensitive assays available to
detect the low levels of potential contaminants needed to fulfill all the safety requirements
elaborated by the WHO. Additional safety tests, beyond those used to audit the testing in Cambodia,
have to be completed at facilities in Canada, which increases unit costs and slows down the
production cycle. Currently the Ly Yi Foundry can produce up to 1,000 fish every two weeks. This
is not sufficient to cope with the current demands of approximately 10,000 fish per month.
The partnership with Emerging Market Entrepreneurs (EME) was critical for the initial
phases of the start-up for Lucky Iron Fish Inc: the confidence that the company specifically set up to
invest in and assist emerging social enterprise in Cambodia was vital for attracting support from
Grand Challenges™ Canada. In exchange for equity, EME offered business, legal and financial
support in the early phases of the start-up of Lucky Iron Fish Inc. But the partnership provides
examples of two challenges: first, it took time to negotiate and develop effective support from EME
and second, the proportion of equity allocated to EME was set at 6%. Allocating equity is always a
fine balance between the start-up and growth of a company: without the commitment, it might not
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be possible to attract other investors but in the longer-term the financial implications and its
attractiveness in the longer-term for further investment may be compromised.
The partnership with the Sihanouk Hospital, Centre of Hope, illustrates the challenges of
maintaining partnerships over time. The Sihanouk Hospital, Centre of Hope offers medical support
to people living in abject poverty in Cambodia. Formed originally by a generous donation from an
American journalist moved by the plight of people in urban Phnom Penh who could not afford
health care, the hospital is a private/public partnership with the Government of the Kingdom of
Cambodia and the foundation set up by the original donor. The hospital deals with ~40,000
acquisitions a year and has developed three areas of specialty: HIV/AIDS; TB; and community
health care but it also runs a general medical and surgical operation on a relatively small scale and a
considerable outpatient operation (an additional 35-45,000 acquisitions a year). The outpatient and
community health care programs were ideal partners for distribution of the fish from the fish tank:
the medical staff could determine which patients were iron deficient and distribute the fish and
educate users about the appropriate use of the fish. An MOU was signed between Lucky Iron Fish
Inc. and the Director of the Hospital for the company to provide fish free from the fish tank for
distribution to those in need. Then two changes occurred: the Director of the Hospital resigned and
was replaced on an interim basis by a medical physician who specialized in infectious disease and
the external funder of the community-health program withdrew funding. At least for the interim, the
Centre of Hope indicated that it was not able to fulfill its commitment to Lucky Iron Fish Inc. and it
was necessary to search for other vehicles for distribution of the free fish from the fish tank. This
illustrates one example of the challenges of the “buy-one, give-one” business model was the ability
to fulfill the commitment in the promotional campaign requires unwavering partners on the ground.
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11.4.3.2 Business models
The first and perhaps most substantive criticism of the efforts to commercialize the fish are
related to the timing of the decision to move towards scale-up. Research on the Happy Fish was
completed and partially published before the decision was made to scale-up the distribution of the
fish. Clearly the timing of a decision like this, to scale-up the production and distribution of a health
innovation, is critical for the further direction of any company but in the case of Lucky Iron Fish™,
the decision to move forward was probably premature for two reasons: first, the initial focus had to
be on re-design of the fish to protect the idea (the concept of the Happy Fish was not protected and
data already published; and second, lack of publication of scientific data). The former took time and
effort and really diverted focus from attention to the best business approach in the first few months
of the business development process, the latter hampered the process to attract investment to the
company. Due diligence, by potential investors, quickly revealed that the only published study at the
time Lucky Iron Fish Inc. was established was the paper by Charles et al. (2011b) which showed
that the impact of the Happy Fish was promising in the first six months of the trial but failed to
show an improvement in circulating iron by nine months. The second trial was not published by
Charles et al. until 2015 and whilst the results demonstrate clearly that the Happy Fish made a
significant different to the iron status of women, the delay in publication threatened investment in
the company.
The decision to commercialize the fish by establishing a for-profit social enterprise provoked
an interesting rift of opinion in the scientific community. Historically, iron supplements have been
provided by the for-profit pharmaceutical industry that has relied on direct sales to end-consumers
and bulk sales to international aid agencies which have provided supplements as part of
humanitarian aid programs either to end-users or in partnership with governments. Iron fortification
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programs have largely been government mandated but developed by for-profit industry. When the
concept of micronutrient powders (which provide a mixture of essential elements and vitamins
including iron) was developed (Manger et al., 2008; Pasricha et al., 2013), intellectual property on
the design of the product was shared openly. Pharmaceutical industries (for profit businesses)
produced and distributed the powders to international agencies who distributed the product in
partnership with governments and international aid agencies. Concern has been expressed the Lucky
Iron Fish Inc. would seek, as part of its mandate, to profit directly from sales of the fish and not
make the intellectual property open and available. This has been a repeated criticism in peerreviewed comments in reviews of research using the Lucky Iron Fish™ and subsequent comments
from internationally-recognized nutrition experts. These comments suggest that there is something
inherently wrong with commercializing an idea directly because it somehow contaminates the
research.
Like any start-up, Lucky Iron Fish Inc. changed its approach to business over the past three
years. These changes have occurred for different reasons: for example, there was a critical need to
pivot the business model when the door-to-door sales approach failed; and the sudden and
unexpected substantial increase in sales through the Internet occurred. It is debatable whether or not
these could have been predicted and avoided and to what extent. However, there are two on-going
issues that deserve to be highlighted that may present limitations in the current iteration of the
business model. These centre on the importance of focusing on the basic day-to-day operations of
the business. Part of the values inherent in the concept of the company has been the attention to
social good at every step in the business processes (or least including social good in as many stages
as possible) and part of the external validation of this effort has been to become “B-Corp” certified.
B-Corporation certification is a third party standard for social sustainability, environmental
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performance and transparency for for-profit companies. The certification was established by B-Lab
– a non-profit company in the US. The key advantage of the certification process is an ability to use
a set of standard benchmarks for environmental and social activities standards that can be used in
promotional material and as a competitive advantage. In contrast, the disadvantages of the BCorporation certification process are: lack of legal standing; lack of public access to the
accountability documentation; and the difficulty and effort (company time) in completing the
application process and the annual re-certification process. It is this latter issue that might be seen
as a limitation for the business plan for Lucky Iron Fish Inc. – time spent dealing with the
certification processes could take away from time that could be spent on the core business of the
company.
The second issue relates to the focus on social media. The current business plan relies
primarily on social media and media coverage to promote the Internet sales for Lucky Iron Fish™.
Engaging with social media and inciting media coverage takes time and effort and may again divert
from focus on the core business of the company. There is a fine balance between the time devoted to
the quest for notoriety and the response by the media to pick up the story of the fish but using social
media avoids conventional advertising and marketing costs. Examples of the impact of media
coverage can be see in the sales response to coverage by the BBC, Forbes Magazine and Oprah (see
Chapter 9) and to awards events like the Cannes Lions International Festival and the CLIO awards
(see Chapter 9) but there is no doubt that competing for media coverage and for awards takes time
that might be spent on the core business operations.
Three types of marketing media are recognized. These include: (1) paid marketing, for
example advertising; (2) earned marketing through publicity, press mentioned and social media
through tweets, blogs and posts; and (3) owned material such as websites or billboards (Trusov et al.,
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2009). Evidence suggests that more traditional media such as paid advertisements and earned
publicity through press mentions are more effective at generating sales than social media through
access to website, blogs, posts and tweets but the number of contact points using social media can
be far greater which outweighs the costs and efforts of engaging with social media (Stephen &
Galak, 2012; Trusov et al., 2009). The social media impressions for Lucky Iron Fish™ peaked at
over 2.8 billion in summer 2015 and the number of views of the YouTube video “Lucky Iron Fish: a
simple solution for a global problem” leapt from ~70,000 in Q1 in 2015 to more than 281,000 in Q2
suggesting that the social media strategy for the company is effective (See Chapter 7).
The final limitation of the current business plan relates to the cost of goods sold (COGS)
associated with the current approach to production of the fish. The fish produced in Cambodia are
produced at relatively high costs in a local iron foundry which cannot keep up with the volume of
production to meet demand. In addition, a separate safe and quality control process has to be added
to the cost of production of the Cambodian fish as the iron foundry is not equipped to guarantee
safety of the fish. Whilst production in Canada at the Bowmanville foundry can be coupled with
safety and quality assurance programs at the foundry, the cost of producing the fish is still relatively
high. The cost of the international packaging is also very high and reduces the profit margin for the
fish sold through Internet sales (see Chapter 7). Alternate packaging for international sales should be
developed to reduce the overall production costs. Finally, distribution from either the Cambodian or
Ontario foundries is expensive especially for world-wide distribution (see Chapter 7). It would be
advisable to search for one international production site that could adjust to the substantial
production volumes that are predicted, where safe and quality control could be performed on site
and where the company has world-wide drop shipping to reduce the overall costs of production of
the fish.
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11.4.3.3 Tension between social and financial success
One of the clear advantages of the business approach adopted for Lucky Iron Fish Inc. is the
inclusion of social good at every stage in the process but this comes at a cost and there is a tension
between the financial and social aspirations of the company. There is not a straight forward
resolution to this tension because the cost benefit of the inclusion of social impact is difficult to
quantify and set against the financial advantage. Two areas in the current production model illustrate
this tension clearly (see Section 10.4.2): the cost of international packaging and local production of
the fish. In both cases, the cost of including social good decreases the potential financial return to
the company. International packaging represents 35% of the total COGS (compared with the actual
cost of the fish itself) but the packaging is made by street youth who are given a trade and employed
in the current business model. Likewise, production of the fish themselves in Cambodia provides
training and employment for metal workers and creates employment for graduate students involved
in the safety and quality control processes but these come at a financial cost to the company.
Counteracting the negative aspect of the social impact of the approach is the value proposition for
international sales: the authentic story, seen as critical for effective sales (See Chapter 2), may be
lost if the processes to produce the fish and the international packaging is centralized. Tarnishing the
story might not make the Internet sales, especially to millennials in the developed world, so
appealing and the company could lose revenue in an effort to cut costs. Indeed, the opposite may be
true: the inclusion of social good provides a competitive advantage. Moreover, the purchaser is not
simply buying the product (an effective means of augmenting adventitious iron in the diet) but
literally buying into the story by investing in the lives of women in South-East Asia. Their
engagement, driven by the compelling social message about the overall impact of the fish not just on
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health but on welfare, may lead to further promotion of the product among friends and
acquaintances and may lead to philanthropic investment in the longer-term.
There has been a considerable amount of analytical study of large companies and the effect
of the management of corporate social responsibility and financial performance but there is a little
available on the impact of including social enterprise in smaller operations and the overall financial
performance of the company. The challenge is that there are few comparators to draw on from the
literature. In contrast, a number of studies have shown that there is a positive relationship between
effective corporate social responsibility and financial performance (Margolis & Walsh, 2001;
Orlitzsky, 2003; Peloza, 2009) in large companies. There is even data emerging to show that there is
a causal relationship between positive management of corporate social responsibility and financial
return (Rodgers et al., 2013; Flammer, 2013). Companies that actively manage their corporate social
responsibility activities have better financial performance than companies that do not (Barnett &
Salomon, 2012; Brammer & Millington, 2008; Eccles et al., 2014; Wang & Choi, 2013). Large,
publicly-funded companies (usually companies that are able to assess and rate their performance
over a range of indicators and topics) have the potential to generate return on investment in three
distinct areas: (1) company value (Eccles et al., 2011; Luo & Bhattacharya, 2006; Park & Moon,
2011; Perez de Toledo & Bocatto, 2014); (2) reduced share price risk (Luo & Bhattacharya, 2006;
Schnietz & Epstein, 2005); and (3) reduced risk (Albuquerque et al., 2014).
It is possible to argue that Lucky Iron Fish Inc. as a social enterprise has increased company
value as a result of the appeal of the story associated with the “buy-one, give-one” business model,
that there is a reduced risk to the shareholders on price but including not only the health impacts of
the company but in being able to speak eloquently to the social good at different levels of the
operation, and that engaged in the “buy-one, give-one” business model with the benefits of support
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from the B-Corp certification process reduces risk for the company and shareholders. But is this
performance better than a company that might simply focus on the health impacts of distributing the
fish?
11.4.3.4 Ethical frameworks and international business
Chapter 9 highlighted that different groups operating within Cambodia and in support of
Cambodians may operate on different ethical frameworks: there appears to be a genuine clash
between personal and cultural values and attitudes between people in the developing and developed
world. People who come from a western culture and perspective seem to adjust their own personal
ethical frameworks to work effectively in Cambodia. Chapter 9 was intended to make explicit any
differences that might pertain in the hopes that recognizing the differences could lead the way to
discussion and resolution of issues but it may be simply an academic exercise in highlighting the
differences and not necessarily of value in trying to find resolution. If anything it may be helpful to
underscore the importance of foreigners avoiding the “colonial trap” of assuming that the western
way of thinking and acting is the only correct way of behaving and that we have to understand that
different cultures genuinely have different operating rules and frameworks which need to be
respected and understood rather than altered. Instead of indicating potential areas for discussion and
compromise in ethical values and frameworks, the result highlighted almost polar differences which
are deeply rooted in culture. For example: profound differences were seen among the people tested
in the survey (and people surveyed in other studies in the literature) about understanding, attitudes
and acceptance of corruption; and the importance of open searches for employees and patronage of
family members.
In the western world, corruption would be seen as paying a public official to complete a task
or to avoid a traffic ticket but in Cambodia it would be seen differently. Providing you paid a
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standard charge in the first instance or a small bribe in the second, this would not be seen as
corruption. At first glance, this would appear as nonsensical to someone steeped in western values
but closer examination of the specific situations in both cases of “bribery payments” in Cambodia
might be seen in a different light if viewed from the Cambodian perspective. With respect to money
to facilitate a public official performing a task – basic rates of tax in Cambodia are very low (1-3%
and may be negotiated) which means that the government ministries receive very little financial
support from the public purse. Instead they bring in revenue by charging for meetings with
individuals and organizations that want to set up and operate a business, distribute a product etc. To
“avoid” corruption defined in Cambodia terms i.e., an arbitrary charge or request from a government
official, there is an official, government-sanctioned table of charges that vary depend on the
magnitude of the task, size of the business and/or annual revenue. In the case of paying a police
officer a small bribe to avoid a traffic fine, there is also a Cambodian context to consider. Police are
paid a minimal retainer by the government. The officers (and the government) expect that the
officers will make a living wage from bribes paid to avoid traffic tickets. Whilst not formalized like
the government “consultation fee” template, the expectation is that the bribes would be a small
currency value (in the range $1-2 USD).
Personal ethical frameworks related to business are also different between Cambodia and the
western world. In Cambodia, there is an expectation that a business owner would employ his or her
family members in the business: not to employ relatives would be unethical and viewed poorly in
the business community. Clearly this is contrary to the open competition processes and policies that
are seen as being “fair and ethical” the western world.
Knowing that such differences exist (and a number of others are highlighted in Chapter 8)
may help accept such differences but will not necessarily lead to compromise. It may however be
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helpful for international aid agencies to reflect on the divide between the opinions of executives and
the people working on the ground.
11.5 Next steps
Emanating from the work in associated with the current research, there are a number of
recommendations for next steps. These include:
Ø Establish a research division of Lucky Iron Fish Inc. and prioritize further avenues for
research. Options might include:
o A multi-regional study including studies in different continents.
o Impacts of using the Lucky Iron Fish™ in children in Cambodia and elsewhere.
o Impacts of using the Lucky Iron Fish™ for people with chronic infections such as
HIV, malaria or TB.
o Possible impacts on at risk populations in the developed world for example: groups
of vegans/vegetarians; post-menopausal women; post-partum women; professional
athletes; and aboriginal populations.
o Further investigation of the impact of using the Lucky Iron Fish™ for people who are
carriers of hemoglobinopathies. There is evidence emerging to suggest the improving
the iron status in people who are either hetero- or homozygous for variants of
hemoglobin that do not present overt clinical signs of disease may unmask previously
unidentified cardiac problems. It would be possible using hand-held ultrasound
machines that are now readily available to study a population of women with
identified hemoglobinopathies and determine the impact of restoring iron levels on
cardiac function including measuring parameters of the heart (atrial and ventricular
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wall size and chamber volume) and on the efficiency of cardiac valves, stroke
volume and overall cardiac output.
Ø Lucky Iron Fish Inc. should work more closely the National Nutrition Group in Cambodia
and with government agencies and ministries to cement the relationships established recently.
Ø Lucky Iron Fish Inc. should, on the basis of the outcomes from the clinical trial in Preah
Vihear, expand discussions with international aid agencies such as the Red Cross and Oxfam
and with the government of Cambodia to include the Lucky Iron Fish™ as part of the
recommended options for addressing iron deficiency. Currently, iron supplements cost
approximately $30 per person per year. The iron fish costs less than $10, lasts for up to five
years and can improve the health of the whole family. The cost advantage of using the Lucky
Iron Fish™ would be tremendous. In addition, the more important feature for promoting the
use of the Lucky Iron Fish™ would be the compliance rate which is higher than 90%
compared to the current treatment where compliance rates using iron pills can be as low as
32% putting the Lucky Iron Fish™ at a distinct competitive advantage.
Ø Review the costs of international packaging for Lucky Iron Fish™. The current international
packaging represents 35% of total sales costs (based on the international sales). This cost
needs to be reduced. Whilst the social impact of making the boxes is high, the trade-off in
profit loss to the company may be too high a cost to be sustainable.
Ø Review the opportunities to reduce the COGS for the Lucky Iron Fish™ by looking at
options to reduce the cost of production of the fish, reduce the costs of safety assurance and
reduce distribution costs. This might be achieved through centralized production in a facility
that not only has rigorous safety procedures in place to ensure compliance with international
standards for human food consumption but also has facility for drop shipping worldwide.
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Ø 11.6 Lucky Iron Fish™ and lessons for commercializing small health innovations
The development of the Lucky Iron Fish™ and the establishment of Lucky Iron Fish Inc. has
been successful but a number of lessons have been learned in the efforts to commercialize the Lucky
Iron Fish™. These may be relevant to commercialization activities relating to other small health
innovations. Many of them may be criticisms leveled at any start-up but the comments are based on
the experiences of commercializing the Lucky Iron Fish™. They include:
Ø Timing of the decision to commercialize the innovation: as discussed in Section 11.4.2 in
hindsight the decision to scale-up production and distribution of the fish was likely
premature. A clear recommendation from the work emanating from this thesis would be to
think more carefully about when to begin the process of commercializing an idea and to be
clear about the steps that should be completed before starting the process.
Ø Engaging international agencies in the design of clinical trials: part of the challenge in
establishing Lucky Iron Fish Inc. has been persuading international agencies, who are a longterm potential market for bulk sales, to consider the idea replacing their current expensive
iron supplementation programs with the much cheaper Lucky Iron Fish™. In general, the
agencies have very clear procurement processes and practices and have quite separate and
individual criteria for assessing a product for use in their programs. Eventually, Lucky Iron
Fish Inc. was able to engage with the Danish Red Cross in developing the clinical trial
reported in Chapter 4 of this thesis but it would have been more advantageous to engage with
these agencies at an earlier stage in the design process of clinical trials to ensure that all the
procurement questions that individual agencies use could be addressed from the outset.
Ø Developing a clear vision of the strategic business plans that will generate success:
despite efforts to test whether door-to-door sales or bulk sales to international agencies
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which already operate very expensive iron supplementation programs, the original business
plans for Lucky Iron Fish Inc. failed. It was not until the “buy-one, give-one” business model
was adopted did it become apparent that this approach, coupled with the appealing and
authentic story associated with the problem and the proposed simple solution the Lucky Iron
Fish™, did the company begin to become successful. As mentioned in 11.4.2 it may not be
unreasonable to expect any start-up to have to pivot its business approach in the initial stages
but it is also likely that more careful diligence about early concepts for the business could
have been more rigorously tested before attempting to launch an idea.
Ø Balancing social and financial impact of the company: part of the tension that has
emerged in developing a financially sustainable business plan has come from the interplay
between social good and financial return. This is not unusual in a social enterprise (See
Chapter 2 & 8 and see Section 11.4.2). Nevertheless, it would be important to be more
explicit about the importance of both the social and financial aspects and intents of the
company earlier in the commercialization process.
Ø Deciding on a clear vision for strategic marketing: the approach to marketing changed
with the shift in business direction for Lucky Iron Fish Inc. Initially, a more standard print,
radio, TV and roadshow approach was contemplated associated with promoting door-to-door
sales in Cambodia. The shift to Internet-based sales was accompanied by a rapid adoption of
social media to support the new approach for sales. Many of the expenses associated with the
first iteration of the company were lost in the shift.
Ø Fostering government relations: the initial phases of start-up for Lucky Iron Fish Inc. were
confounded by poor government relations (including poor relations with the National Ethics
Committee and the National Nutrition Working Group – see Section 11.2). Despite clear
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differences between the operating frameworks and cultures of working in a foreign system,
understanding and accommodating to local government and agency guidelines and rules on
operation is vital.
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Table 11.1 Social impact assessment for the Lucky Iron Fish™

Social impact assessment metric

Performance of Lucky Iron Fish™

MICRO-LEVEL ASSESSMENT
Ø Regular use of the fish per week

Ø Charles et al., 2015 reported 94%
compliance
Ø Chapter 4 reports 92% compliance at
midline

Ø Reduction in reported periods of
fainting

Ø Chapter 4 reports a trend towards
less periods of fainting at midline

Ø Improvement in DALYS

Ø Not measured

Ø Increased tolerance to physical
activity

Ø Not measured

Ø Increased work capacity

Ø Not measured

Ø Reduction in stunting in children

Ø Not measured

Ø Improved performance of children in
schools

Ø Not measured

Ø Reduced maternal and infant mortality

Ø Not measured

MESO-LEVEL ASSESSMENT
Ø Participation by small to mediumsized NGOs and in research trials

Ø Danish Red Cross operating in
Cambodia and Song Saa Foundation
are participating in research activities

Ø Small to medium-sized NGOs
integrate the Lucky Iron Fish™ into
supplementation programs

Ø Song Saa Foundation are carrying
out a pilot use of the fish in their iron
supplementation programs

MACRO-LEVEL ASSESSMENT
Ø Integration in National Nutrition
Strategy in Cambodia

Ø Not achieved yet

Ø Integrate Lucky Iron Fish™ into the
iron supplementation programs of
international NGOs

Ø Not achieved yet
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Table 11.2a Partnerships and contractual relationships for Lucky Iron Fish Inc. in Cambodia
Organization

Strategic reasons for
partnership/contract

Risks

Opportunities

Emerging Market
Entrepreneurs (EME)

Legal, Human Resources,
business, financial services value
$40-60 K pa – equity
participation

Maintaining the commitment from EME to
fulfill its contractual obligations was
problematic at first

Local knowledge and experience. Developed
network of political and NGO contacts

Friends International

International packaging

Expensive and relatively slow production

Provide employment for street youth – part of BCorp positive attributes to the company

Ly Yi Iron and
Aluminum Foundry

Production of fish in Cambodia

Production limited – no on-site safety testing
or QC processes

Provide safety equipment and training for workers

Royal University of
Phnom Penh (RUPP)

Safety testing of fish produced in
Cambodia

Sensitivities and scope of assays available
are limited

Provides employment for graduate students - part of
B-Corp positive attributes to the company

Nutri-Food Cambodia
(NFC)

Research consultancy supporting
research in Cambodia

NFC has to manage their relationship with
the authorities carefully and are sometimes
reluctant or slow in dealing with issues

Strong local knowledge and experience: credibility
and standing with the National Ethics Committee
and the Working Group on Nutrition

Sihanouk Hospital,
Centre of Hope
(SHCH) Phnom Penh

Partner for distribution of fish
from the “fish tank” in Cambodia

Partnership agreement with the hospital at
risk from changing management and
reluctance to engage with the company

Potential strong partner. Excellent reputation and
possibility of distribution to people with identified
iron deficiency and opportunities for more research

Sonja Kill Memorial
Hospial (SKMH)
Kampot

Partner for distribution of fish
from the “fish tank” in Cambodia

Same as the (SHCH)

Same as the (SHCH) but this time access would be
to pregnant women which would expand the
research capacity considerable for the company

17Triggers

Marketing firm in Cambodia for
social enterprises/causes

Constantly changing personnel which
reduces efficiency

Strong local knowledge and access to focus groups

Watthan Artisans
Cooperative

Domestic packaging for fish in
Cambodia

Production capacity may not meet projected
demands

Provide employment for disabled Cambodians –
part of B-Corp positive attributes to the company
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Table 11.2b Partnerships and contractual relationships for Lucky Iron Fish Inc. outside Canada
Organization

Strategic reasons for
partnership/contract

Risks

Opportunities

ARC Industries,
Guelph

Packaging fish for international
distribution

Additional transportation costs between
foundry, ARC facilities and the dispatch
currently through the Lucky Iron Fish™
office in Guelph

Employ individuals with mental challenges – part
of B-Corp positive attributes to the company

Bowanville Foundry

Production of fish for
international distribution

Production cycle and throughput whilst
better than the operation in Cambodia is still
lower than potential future demand

Payment schedule arranged so payments are made
after shipment which improves cash-flow for the
operation

Laboratory Services
Division, University of
Guelph

Safety testing and audit review of
safety processes for all fish

3rd party so adds additional cost and
transportation

FLOW Office Wisdom

A B-Corp based in Guelph, ON.
Providing project management,
business administration,
communications and strategic
management services

Company pays per house
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Table 11.3 Results-based Management and Accountability Framework (RMAF) for Lucky Iron Fish Inc. Saving Lives at Birth
grant
Project results expected
Description of
outcome/output

Description of
indicator

Lives saved in
low and middle
income countries

Number of lives
saved

Loves improved
in low and middle
income countries

Number of
people with
improved health
outcomes

Lives touched beneficiaries

Number of
beneficiaries and
intermediaries
who accessed
products/services

Lives touched intermediaries

Number

26,362

Indicator

Data source and assumptions

Anemia will be
resolved in 12,825
women of
reproductive age,
7,837 infants (aged
1-5 years) of whom
~4,075 are girls and
~3,762 are boys, and
5,700 children (5-12
years) of whom
~3,125 are girls and
~2,565 are boys

Assumptions for women: Regular use of fish defined as > 3 times / week;
Compliance rate for regular use of fish 95%; Anticipated impact on 15,000
households;
Likely impact on 15,000 x 95% = 14,250 households
Average 2.2 women per household: 1.8 x 14,250 = 25,650 women of reproductive
age; Regular use of fish improves iron status in 100% of women = 25,650 women;
but regular use of fish reduces prevalence of anemia by 50% i.e. 12,825 women
Assumptions for children aged 1-5 years: Regular use of fish by 14,250
households; Average 1.1 children per household: 1.1 x 14,250 = 15,675; Anticipated
reduction in prevalence of anemia 50%: 15,675 x 50% = 7,837 children; Gender split
52% female:48% male = 4,075 girls & 3,762 boys
Assumptions for children aged 5-12 years: Regular use of fish by 14,250
households; Average 0.8 children per household: 0.8 x 14,250 = 11,400; Anticipated
reduction in prevalence of anemia 50%: 11.400 x 50% = 5,700 children; Gender split
55% female:45% male = 3,125 girls & 2,565 boys
Assumptions will be validated through data obtained from randomized samples in all
three country trials of roughly 330 women each - all the assumptions will be verified
in the independent clinical trials

People who use the
fish regularly

Fish allocated to three different trials in three different countries defined in the
Saving Lives at Birth Grant (SL@B)

74,100
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RMAF continued
Description of
outcome/output

Description of
indicator

Number of jobs
created in
Canada

Project results expected
Number

3

Jobs created

Number of jobs
created in low
and middle
income countries

Changes in
policy, legislation
and/or regulation

Number of
policies
developed or
adopted as a
result of the
work of the grant

45

3

Indicator

Data source and assumptions

Three full-time
contractually limited
employees working
on the project
sponsored by SL@B
(1 man 2 women)
and 8 part-time
employees in the site
countries working on
gathering research
data (Likely 50%
man:women)

Business decision for lucky Iron Fish Inc.

A local iron foundry
will receive the
production contract
with an increase of 5
staff
40 people will be
employed in a local,
sustainable
cooperative that
provides packaging
for the fish (20 men,
25 women)

Based on negotiations and past experience scaling up production and packaging with
the production foundries and cooperative packing the fish

Potential long-term
change in iron
supplement strategies
in the countries of
interest

Previous experience on policy development/change
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Table 11.4 Social value creation for Lucky Iron Fish Inc. (adapted from Kiser et al., 2014)
Domain of impact

Impact of Lucky Iron Fish™

Innovative features and impact
of design

Lucky Iron Fish™ includes design features to increase compliance, is an innovative approach to
alleviation and prevention of iron deficiency and has the potential for wide-spread impact in the
developed and developing world. Engineered to release a consentient and adequate amount of iron
per use

Development and promotion
of new product

Development of the product (both Lucky Iron Fish™ and Lucky Iron Fish Electrolytic) has engaged
social enterprises in the design, development and testing of new product which has provided
additional employment.

Leadership in the sector

Lucky Iron Fish Inc. has been recognized by international design, innovation and social innovation
awards for the innovative approach and leadership in the field of social enterprise, social marketing
and social investing.

Sustainability systems

A central tenet of Lucky Iron Inc. is environmental and social sustainability from a business
perspective. This led to the company being the first company in Guelph to be B-Corp certified and
recognized in 2014 as one of the top ten performers worldwide among B-Corp certified companies.
This approach to sustainable development has led to the City of Guelph expressing the intent to be
the first B-Corp certified city.

Community development

Social impact through creating employment is a central core of the mission of the Lucky Iron Fish
Inc. The company has provided employment for Cambodians (including those with disabilities, most
often landmine victims) and street youth, as well as training and employment for workers in
metallurgy to produce the fish and for individual and bulk sales.

New market development

The “buy-one, give-one” approach of Lucky Iron Fish Inc. has developed an extensive market in the
developed world for individual sales and philanthropy. The company is currently engaged in
negotiating bulk-sale contracts with retail operations (using the “buy-one, give-one” sales model and
with small, medium and large-scale NGOs to expand the capacity for delivery and impact.
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Figure 11.1 Social Value Creation [adapted from Kiser et al. (2014)]

Design

New markett
development

New products

Social Value
Creation

Community
development

Leadership

Sustainability
systems
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Postscript
As I explained in the introduction, I was attracted to the current project because it promoted
the idea that commercialization of a basic science idea requires business acumen: it was a truly
interdisciplinary approach to solving a serious world health problem. I would like to thank the
Department of Biomedical Science for bravely stepping into this new field. In particular, I would
like to thank Drs. Neil McLusky (chair of the department) and Matt Vickaryous (graduate program
committee chair at the time of my acceptance into the program) for supporting my application and
for providing support throughout the program. I would also like to acknowledge the commitment
and support of my advisory committee. I hope that the success of the project, the success of the
business that has emerged and the fact that Lucky Iron Fish Inc. is an internationally recognized
social enterprise and that we have been able to distribute more than 100,000 fish in Cambodia and
elsewhere (with a sales target one million fish in the coming year) is proof that this type of
interdisciplinary study is effective. In addition, I have attracted over one million dollars in research
money for basic science and published a number of papers in reputable journals throughout the time
of working on the thesis.
I hope that the department of Biomedical Science and the Ontario Veterinary College can
feel proud of accepting me into the PhD program and that my successes have been worth the efforts
to overcome any resistance from the “system” for interdisciplinary study.
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Appendix 4: Survey for interviews with business leaders on social enterprise

Thank you for taking part in this interview.
I am trying to understand the business model that you use, to appreciate why you chose the
particular approach that you adopted and to explore your perceptions of the strengths and
weaknesses of the model.
I am going to ask a series of questions and, with your permission, record your responses and take
notes.
At the end of the questions, I would be pleased to hear any further comments or observations you
have about social enterprise and the importance of social enterprise as a new and emerging
business model.
1. Can you describe what you mean as social enterprise?
2. What is the product that you are selling and what is the social impact that you achieve
when you sell the product?
3. Can you describe the business model that you use for the sale of your product?
4. What or who was the driving force behind the development of the particular business
model that you use?
5. What are the key market segments that you address?
6. How did you identify these key market segments?
7. Can you explain your marketing strategy? (do you use traditional advertising media or nontraditional media [e.g., social media] or a combination of the two)
8. What is the approach that you use for distribution of the social good component of your
business? (i.e., philanothropic arm of the same company, separate but subsidiary company,
or existing separate company)
9. What are the features that make your product (and method of distribution) attractive to
your principal markets?
10. What are the strengths of the particular approach(es) that you have adopted?
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11. What are the weaknesses of the particular approach(es) that you have adopted?
12. What challenges have you face during scale-up in either the developed world markets
and/or the developing world markets?
13. How are the goals set for developed world and developing world sales or social good
aspects of your business?
14. How do you report the social good components of your work?
15. Do you have competitors working in the same area of you?
16. Do you have any other observations that you would like to make about the business model,
your company or the social good aspects of your business?

Thank you for taking part in this interview.
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Appendix 5: Demographic survey – Kandal Province
Lucky Iron Fish (Translated into Khmer)
Baseline Survey: Rural Women (Age 18-50)
CONFIDENTIAL
All information collected in this survey is strictly confidential and will be used for statistical purposes only
1.
1. Yes
WRITTEN CONSENT
Did the respondent read/ listen to the
2. No
consent statement?
-------------------------------------------------------1. Yes
Did the respondent agree?
2.
3.
4.
5.
6.
7.
8.
9.

Date
Interviewer
Province
District
Commune
Village
Household ID
Respondent ID

2. No
(mm/dd/yy)

__ __ - __ __ __ __ __
__ __ - __ __ __ __ __
Household information

10.

What is your age?

11.

Are you currently married?

1.
2.

Yes
No
If '2' proceed to question 16

12.

Have you given birth to a child?

1.
2.

Yes
No
If ‘2’ proceed to question 16

13.

How many children have you given
birth to?

1.
2.
3.
4.
5.
6.

One
Two
Three
Four
Five
More than 5

14.

How many children in your household
are under the age of 5 years?

15.

Do you use a separate pot to prepare
your children’s food?

1.
2.
3.
4.
5.
6.
1.
2.

One
Two
Three
Four
Five
More than 5
Yes
No

16.

Have you ever attended school?

1.
2.

17.

How many years of schooling have you

1.

Yes
No
If '2' proceed to question 19
One year
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completed?

18.

What is the highest level of schooling
you have completed

19.

What is your occupation?

20. t How many years of schooling has
i your spouse completed?
m
e
s
21. What is the highest level of schooling
your spouse has completed?

2.
3.
4.
5.
6.

Two years
Three years
Four years
Five years
More than 5

1. Primary school
2. Lower Secondary school
3. Upper Secondary school
4. Higher education (university)
5. Other e.g. literacy program, vocational or skills training
(exclude formal school), specify _______________________
1.
2.
3.
4.
5.
6.
7.

Unemployed
Farming
Government
Production (textiles etc)
Sales
Fishing
Other – please specify ________________________

1.
2.
3.
4.
5.
6.

One year
Two years
Three years
Four years
Five years
More than 5

1. Primary school
2. Lower Secondary school
3. Upper Secondary school
4. Higher education ( university )
5. Other e.g. literacy program, vocational or skills training
(exclude formal school), specify _______________________

22. What is your spouse’s occupation?

1.
2.
3.
4.
5.
6.
7.

Unemployed
Farming
Government
Production (textiles etc)
Sales
Fishing
Other - please specify ______________________

23. How many people in total currently
live in your household (defined as
eating from the same pot each day)?

1.
2.
3.
4.
5.
6.
7.

One
Two
Three
Four
Five
Six
More than 6

1.

Yes

24. What is your household income per
month (in riel or $)
25. Does your household own a
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Television?

2.

No

26. Does your household own a working
Radio?

1.
2.

Yes
No

27. t Do you receive print material (defined
i as newspapers, magazines,
madvertisements)?
e
s

1.
2.

Yes
No

Water and Sanitation – Wet season
1. Pond
2. River/canal
3. Ringwell
4. Open spring
5. Handpump
6. Tapped water
7. Rain water
8. Bought water
9. Hand dug (no ringwell)
10. Other – please specify _______________________

28.

What are your primary sources of
drinking water?

29.

What is the main source of water used
by your household for other purposes
such as cooking and hand washing?

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Pond
River/canal
Ringwell
Open spring
Handpump
Tapped water
Rain water
Bought water
Hand dug (no ringwell)
Other – please specify _________________

30.

Do you treat your water in any way to
make it safer to drink?

1.
2.

Yes
No
If no proceed to question 35

31.

What is the main way you make water
safer to drink?

1.
2.
3.
4.
5.
6.
7.
8.
9.

Boil
Add bleach/chlorine
White Alum
Strain it through a cloth
Use water filter (ceramic, sand, composite)
Solar disinfection
Let it stand and settle
Don’t know
Other - please specify ________________________
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32.

How many times per week do you
make your water safe to drink?

33.

Do you store your treated water to
drink at different times?

34.

Where do you store the drinking water?

35.

What are your primary sources of
drinking water?

36.

What is the main source of water used
by your household for other purposes
such as cooking and hand washing?

1.
2.
3.
4.
5.
6.
7.
1.
2.

Once a week
Twice a week
Three times a week
Four times a week
Five times a week
Six times a week
Every day

Yes
No
If '2' proceed to 35

Please specify:

Water and Sanitation – Dry season
1. Pond
2. River/canal
3. Ringwell
4. Open spring
5. Handpump
6. Tapped water
7. Rain water
8. Bought water
9. Hand dug (no ring well)
10. Other – please specify ______________________
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Pond
River/canal
Ringwell
Open spring
Handpump
Tapped water
Rain water
Bought water
Hand dug (no ringwell)
Other – please specify ____________________

328

37.

Do you treat your water in any way to
make it safer to drink?

38.

What is the main way you make water
safer to drink?

1.
2.

1.
2.
3.
4.
5.
6.
7.
8.
9.
1.
2.
3.
4.
5.
6.
7.

Yes
No
If no proceed to question 42

Boil
Add bleach/chlorine
White Alum
Strain it through a cloth
Use water filter
(ceramic, sand, composite, etc.)
Solar disinfection
Let it stand and settle
Don’t know
Other – please specify __________________________

39.

How many times per week do you
make your water safe to drink?

Once a week
Twice a week
Three times a week
Four times a week
Five times a week
Six times a week
Every day

40.

Do you store your treated water to
drink at different times?

41.

Where do you store the drinking water?

42.

Do you eat meat?

1.
2.

Yes
No
If no proceed to question 46

43.

What meat do you consume on a
regular basis? (Check all that apply)

1.
2.
3.
4.
5.
6.
7.
8.

Chicken
Beef
Fish
Goat
Pork
Blood
Insects
Other – please specify ______________________

1.
2.

Yes
No
If 2 proceed to 42

Please specify

Food Acquisition
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44.

How many times per week do you eat
meat?

0. Less than once a week
1. Once a week
2. Twice a week
3. Three times a week
4. Four times a week
5. Five times a week
6. Six times a week
7. Every day of the week

45.

Where does your household get its
meat?

1.
2.
3.
4.

Market
Mobile market/vender
Raise your own
Other – please specify ______________________

46.

Do you eat iron rich plants (morning
glory, spinach etc)?

1.
2.

Yes
No
If ‘2’ proceed to 48
I don't know

3.

47.

How many times per week do you eat
vegetables that contain iron (such as
morning glory?)

0.
1.
2.
3.
4.
5.
6.
7.

48.

What is your cookware made out of?

49.

Do you cook with acidic fruit or
vegetables (such as citrus, tomato)?

50.

What acidic fruit do you cook with
(check all that apply)?

1.
2.
3.
4.
5.

Lime
Lemon
Pomelo
Tomato
Other - please specify _______________________

51.

Where does your household get their
vegetables?

1.
2.
3.
4.

Market
Mobile market/vender
Grow your own
Other – please specify________________________

52.

Where does your household get
cooking supplies (condiments, sauces
etc)

1.
2.
3.

Market
Mobile market/vender
Other – please specify ________________________

1.
2.
3.
4.
5.
6.
1.
2.

Less than once a week
Once a week
Twice a week
Three times a week
Four times a week
Five days a week
Six days a week
Every day of the week
Iron
Steel
Tin
Aluminum
Don’t know
Other – please specify_______________________
Yes
No
If 2 proceed to question 51
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53.

Where does your household get its
cookware?

1.
2.
3.

Market
Mobile market/vender
Other – please specify ______________________

54.

How often do you buy cookware?

1.
2.
3.
4.
5.
6.

Once a month
Once every 3 months
Once every 6 months
Once every 9 months
Once every year
Less than once a year

55.

How much do you spend on a cooking
pot (in riel)?
Where does your household get its
medicine?

1.
2.
3.
4.
5.
6.

Market
Mobile market/vender
Health Centre
Pharmacy/Chemist
We don’t use medicine
Other - please specify ________________________

56.

57.

How much do you spend on medicine
per month for your family? (in Riel)

58.

Do you eat differently when you are
pregnant?

1.
2.

Yes
No
If 2 proceed to question 60

59.

How do you eat differently when you
are pregnant?
(Check all that apply)

1.
2.
3.
4.
5.
6.

Number of meals per day
Type of food
More meat
More vegetables
Pills or other medicine
Other - please specify ________________________
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Marketing
60.

Does your household watch
Television?

1.
2.

Yes
No
If 2 proceed to question 62

61.

What channels does your household
watch?
(check all that apply)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Apsara TV
Bayon TV
Bayon News
CTV9
Hang Meas TV
MYTV
SEATV
TV3
TV5 Cambodia
TVK

62.

Does your household listen to the
Radio?

1.
2.

Yes
No
If no proceed to question 64

63.

What radio channels does your
household listen to?

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

National Radio Cambodia (918kHz)
National Voice Cambodia (1360kHz)
FM88 Samlang Khmai (88.0 MHz)
Voice of New Life (89.5 MHz)
Reach Sey (90.0 MHz)
Ta Phrom Radio (90.5MHz)
Radio France Internationale (92.0 MHz)
FM93.5 (93.5 MHz)
National Radio of Cambodia (96.0)
Radio Apsara (97.0 MHz)
Municipality Radio (97.5 MHz)
KRUSA-FM (99.5 MHz)
BBC World Service (100.0 MHz)
Radio Australia (101.5 MHz)
Radio FM 102 (102.0 MHz)
Municipality Radio (103.0MHz)
Sambok Khmoum (105.0MHz)
Planet 107 (107.0MHz)
Other - please specify ___________________

64.

Do you see food product
advertisements?

1.
2.

Yes
No
If no proceed to question 66

65.

Where do you see food product
advertisements?

66.

Do you see cookware
advertisements?

67.
68.

Where do you see cookware
advertisements?
Do you see public health
advertisements?

Please specify
1.
2.

Yes
No
If no proceed to question 68

Please specify
1.
2.

Yes
No
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If 2 proceed to question 70
69.

Where do you see public health
advertisements?

Please specify:

Public Health – Iron Deficiency treatment, knowledge and campaigns
70.

Have you heard about iron
deficiency?

1.
2.

71.

How do you hear about iron
deficiency?

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

72.

Have you heard about anemia?

1.
2.

73.

How do you know about anemia?

1.
2.
3.
4.
5.
6.
7.
8.
9.

74.

Does someone in your household
have either iron deficiency or
anemia?

75.

Does anyone in your household take
iron supplement pills?

76.

Who takes iron supplement pills?
(please check all that apply)

Yes
No
If 2 proceed to question 72
Health Centre
Referral Hospital
Village Elder
Commune Leader
Friend
Family
Village Health Volunteer
Village Health Support Group
Marketing campaign
Other – please specify ________________________
Yes
No
If 2 proceed to question 74
Health Centre
Referral Hospital
Village Elder
Commune Leader
Friend
Family
Village Health Volunteer Support Group
Marketing campaign
Other – please specify ________________________

1. Anemia
2. Iron Deficiency
3. Both
4. No
5. I don’t know
1.
2.
1.
2.
3.
4.

Yes
No
If 2 proceed to question 78
Women
Children
Men
Entire household
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77.

How much do you spend on iron pills
per month? (in Riel)

78.

Do you eat food or food products that
have iron put into it (iron fortified
products)?

79.

Who provided the food with iron put
into it (what organization)?

80.

What food had iron put into it?

1.
2.
3.

Yes
No
Don’t know
If 2 or 3 proceed to question 81

Please specify
1.
2.
3.
4.

Soy Sauce
Fish Sauce
Rice
Other – specify _______

Lucky Iron Fish Project (picture of the Iron Fish will be shown)
81.

Have you heard about the Lucky Iron Fish ?

1.
2.

Yes
No
If 2 proceed to question 93

82.

How did you hear about the Lucky Iron Fish?

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Chris Charles (“Dr. Fish”)
Health Centre
Friend
Family member
Village Elder
Commune Leader
Market
NGO
Village Health Support Group
Village Health Volunteer
Other – please specify _____________

83.

Do you own a Lucky Iron Fish?

1.
2.

Yes
No
If 2 proceed to question 93

84.

How did you get the Lucky Iron Fish?

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Chris Charles (“Dr. Fish”)
Health Centre
Friend
Family member
Village Elder
Commune Leader
Market
NGO
Village Health Support Group
Village Health Volunteer
Other – please specify ________________
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1.
2.

Yes à Proceed to 87
No à Proceed to 86

85.

Do you use the Lucky Iron Fish?

86.

Why don’t you use the Lucky Iron Fish

1.
2.
3.
4.
5.
6.

I don’t beileve it works
I forget to use it
It will contaminate the food
It will impact the taste of the food
I cant cook properly when I use it
Other – please specify _______________

87.

How many times per week do you use the
Lucky Iron Fish?

0.
1.
2.
3.
4.
5.
6.
7.

Less than once a week
Once a week
Twice a week
3 times a week
4 times a week
5 times a week
6 times a week
7 times a week

88.

Why do you use the Lucky Iron Fish?

1.
2.
3.
4.
5.

I was told to
It makes my family healthy
It brings luck
I don’t know
Other – please specify ________________

89.

When do you use the Lucky Iron Fish?

1.
2.
3.
4.

When cooking food
When boiling water
Both
Other – please specify _______________

90.

Would you recommend someone else to buy
the Lucky Iron Fish?

1.
2.

Yes
No

91.

Does the Lucky Iron Fish affect the taste of
your food?

1.
2.

Yes
No

92.

Does the Lucky Iron Fish affect the taste of
your water?

1.
2.

Yes
No
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Lucky Iron Fish Project
The Lucky Iron Fish is a tool that can help improve the health of your family. To use the product you place the
Lucky Iron Fish into your pot when you are cooking soup or boiling water. The Lucky Iron Fish will leech iron into
the soup and water giving your family the nutritional iron they need to be healthy. If the Lucky Iron Fish is boiled in
1 Liter of water for 10 minutes, it can provide 75% of the daily-recommended iron content. It is safe to use and will
last 10 years.
The Lucky Iron Fish is tested to ensure it is safe to use. Research has shown that using the Lucky Iron Fish does not
alter the taste or color of the food.
Everyone needs iron in their diet in order to be healthy but maintaining a healthy iron content level is especially
important for children, women of reproductive age, and pregnant women. Symptoms of iron deficiency include:
Tiredness, dizziness, depression, increase risk of other disease, and impacted brain development in children.
The following are questions that will help us develop a marketing strategy for the Lucky Iron Fish
93.

What do you think of when you hear the name
Lucky Iron Fish?

Please specify:

94.

Would you cook with the Lucky Iron Fish in
your cooking pot?

1.
2.

Yes
No

95.

Would you boil water with the Lucky Iron
Fish to make your water safe?

1.
2.

Yes
No

96.

Do you eat Kantrop? (The species of fish that
looks like the Lucky Iron Fish).

1.
2.

Yes
No

97.

Do you like the species of fish that the Lucky
Iron Fish looks like?

1.
2.

Yes
No
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Appendix 6: Demographic survey for clinical study

Name:

.........................................................................

Weight .................................................

Age:

.........................................................................

Height ..................................................

Location: .........................................................................
First, I am going to ask you questions about you household and about your own health.
Please answer all of the questions
Household characteristics:
Total number within
household
# of people in household
Total # male (including children)
Total # female (including children)
Total # in school
Age of household members:
Age

Total number within
household

< 15 years old
15-49 years old
50-64 years old
Over 65 years old
Health:
1. Are you currently pregnant?

Yes ☐

No ☐

a. If Yes – how many months

…………………………

2. Total number of pregnancies in lifetime

…………………………
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3. Are you currently menstruating?

Yes ☐

a. If No – when did you stop

No ☐

…………………………

4. Are you currently anemic?

Yes ☐

a. If Yes – when diagnosed

No ☐

…………………………

5. Have you ever taken iron pills?

Yes ☐

No ☐

a. If Yes – when

…………………………

b. If Yes – for how long

…………………..........

6. Have you ever had a blood transfusion?

Yes ☐

No ☐

7. Have you suffered from hookworm?

Yes ☐

No ☐

a. If Yes – when were you treated?
8. Have you suffered from malaria?

………………………….
Yes ☐

a. If Yes – when were you treated?

No ☐

………………………….

9. Do you suffer from any of the following:
Never

Sometimes

(1-3 per month)

Often

(4-6 per month)

All the time

Headache
Dizziness
Nausea
Constipation
Black stool
Stomach pain
Heavy bleeding
Fatigue/tiredness
10. What is your highest level of education?
Highest level of
education
No education
Grade 1-5 (primary)
Grade 6-9 (secondary)
> Grade 9 (tertiary)

✓ or ✗

Number of years in
school
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11. Are you able to read and/or write Khmer?
Yes

A little

No

Read Khmer
Write Khmer

12. Do members of your household work outside the home?
Each person in the
Employment
Male/female
household
Person 1
Person 2
Person 3
Person 4
Person 5
Person 6
13. What sort of possessions does your family have?
Item
Motorcycle
Bicycle
Tuk tuk
Car
Tractor
Boat
Animal cart

Number

Item
Working clock
Working radio
Working TV
Mobile phone
Karaoke machine
Sewing machine
Hand cart

Number

Item
Electricity
Piped water
Water tanks
Working latrine
Glass windows
Generator
Sleeping rooms

✓ or ✗

14. What materials is the roof of your house made from?
Building materials
Temporary roof: bamboo;
thatch; grass; hay; leaves; or
other temporary material
Permanent roof: wood/
plywood; concrete; brick; stone;
galvanized iron/ aluminum;
other metal sheets; asbestos
cement sheets; or other
permanent materials

✓ or ✗
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15. What materials is the floor of your house made from?
Building materials
Natural floor: earth; mud; sand;
clay; dung
Rudimentary floor: wood;
palm; bamboo
Finished floor: parquet or
polished wood; vinyl; ceramic
tile; cement tile; cement

✓ or ✗

16. What materials are the walls of your house made from?
Building materials
Temporary: bamboo; thatch;
grass; hay; leaves; or other
temporary material
Permanent: wood/ plywood;
concrete; brick; stone;
galvanized iron/ aluminum;
other metal sheets; asbestos
cement sheets; or other
permanent materials

✓ or ✗

17. What kind of livestock do you own?
Animal
Cow
Chicken
Goat

Number

Item
Adult pigs
Growing pigs
Other

18. Does any member of your household own land?

Number

Yes ☐

No ☐

a. If yes, how large is the piece of land ......................................................................................
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Smoking and alcohol use:
Next, I am going to ask you about the amount of cigarettes that you smoke or alcohol that you
consume.
19. Have you ever smoked cigarettes?

Yes ☐

No ☐

20. Do you currently smoke cigarettes?

Yes ☐

No ☐

21. How many cigarettes did you smoke yesterday?

.........................................................

22. Have ever consumed an alcohol drink?

Yes ☐

No ☐

23. Do you currently drink alcohol?

Yes ☐

No ☐

24. How often do you drink alcohol?
✓ or ✗
Every day
1-2 times a week
3-4 times a week
Rarely
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Appendix 7: Baseline surveys for clinical trial

BASELINE QUESTIONNAIRE
A randomized control trial of the Lucky Iron FishTM to improve hemoglobin concentration in
women in Preah Vihear, Cambodia
CONFIDENTIAL
All information collected in this survey is strictly confidential and will be used for statistical
purposes only.
IDENTIFICATION INFORMATION
Geographic Identification
Interviewer Record
Province: ________Preah Vihear_______

Interviewer

District: ______Roveing__________

Name: ________________________

Commune: ______________

Signature: _____________________

Village: _____________

Remarks:

Subject ID: __ __ __
Date of Interview: (DD/MM/YYYY)
___ ___ / ___ ___ / ___ ___ ___ ___
INFORMED CONSENT
This participant, Subject ID __ __ __ __ __, has read/been
read and understands the consent form, and has given voluntary,
informed verbal consent to participate in this study.

1. Yes
2. No à Do not proceed

MODULE 1: INCLUSION CRITERIA
1. Are you primarily responsible for cooking and food 1. Yes
preparation in your household?
No à Do not proceed

2.
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2. Are you between the ages of 18 – 49 years?
(Based on the English Calendar at baseline)
3. Do you plan on moving from Preah Vihear
province within the next twelve months?
4. Are you currently participating in any other
study/intervention? (For example: receiving sprinkles,
IFA, malaria pills, anemia or nutrition education?)
5. Are you willing to provide a venous blood sample
three times, now, and 6 and 12 months from now?
6. Are you pregnant?

1. Yes
No à Do not proceed
1. Yes à Do not proceed
No
1. Yes à Do not proceed
No

2.
2.
2.

1. Yes
2. No à Do not proceed
1. Yes à Do not proceed
2. No
7. Are you willing to provide a fingerpick blood 1. Yes
sample today?
2. No à Do not proceed
1. Yes à Do not proceed
2. No
9. Are you planning become pregnant over the next 12 1. Yes à Do not proceed
months?
2. No
10. Do you have malaria, diabetes, cardiovascular
1. Yes à Do not proceed
disease or any other disease you are currently taking
2. No
medication for?
8. Are you currently taking iron supplements?

MODULE 2: PARTICIPANT INFORMATION
1. How old are you?
_____________ years
2. How many people currently live in your
household (defined as eating from the same
pot each day)?
3. How many children have you given birth to?

_____________ people
_____________ children,

4. If you have children, how long has it been since
you gave birth?
__________ Month
__________ Year
(Not pregnancy – actual birth)
1. Yes
5. Have you completed any schooling?
2. No à skip to Q9
____
1. Primary school
6. What is the highest level of school you
2. Lower Secondary school
attended?
3. Upper Secondary school
4. Higher education
5. Non formal Literacy Course
1. Yes
7. Did your husband/partner complete any
2. No à skip to Q9
schooling?
8. N/A
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8. What is the highest level of schooling your
husband/partner attended?

9. What was the income for your household last
month?
10. Is this income your typical monthly income?
11. What was the income for your household in
the past 12 months?
If the woman only knows her income ask her to
estimate the total income – if she cant estimate ask
her to tell you her income or how much she knows
exactly and then make a note that it is only her
income and include who else earns money in the
family but that she doesn’t know how much they
earn
12. How much time did you spend sleeping
yesterday?
13. How much time did you spend working
yesterday? Note: work includes any paid or
unpaid duties, and can include tasks such as
childcare and household management.
14. Is this pattern a typical routine?
15. If this pattern is atypical, how many hours do
you usually spend sleeping and working per
day?

1. Primary school
2. Lower Secondary school
3. Upper Secondary school
4. Higher education
5. Non formal Literacy Course
US$_____________
1. Yes
2. No

US$_____________
Hours _________ Minutes __________

Hours _________ Minutes __________
1. Yes à skip to Q16
2. No
Sleeping: Hours _____ Minutes ____
Working: Hours _____ Minutes ____
__________________________________

MODULE 3: FOOD INTAKE
16. I would like to ask you about the foods and drinks that you may have consumed
yesterday during the day or night. I want to know how often you ate the food,
approximately how much of the food you ate in a typical serving, and how it was
consumed.
Food Type

Consumed
yesterday

If yes, how
often?

Amount per
serving (g or
mL)

Consumed alone, or
with other foods?
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Bread, rice,
noodles, porridge,
or other foods
made from
grains?
Dark leafy green
vegetables (eg.
kang kong)

1. Yes
2. No à
code, then
proceed to next row

1. Once
2. Twice
3. Three times
4. >3 times
______

1. Consumed alone
2. Consumed with other
foods; describe:

1. Yes
2. No à
code, then
proceed to next row

1. Once
2. Twice
3. Three times
4. >3 times
______

1. Consumed alone
2. Consumed with other
foods; describe:

Ripe mangoes,
papayas or any
other yellow or
orange fruits?

1. Yes
2. No à
code, then
proceed to next row

1. Once
2. Twice
3. Three times
4. >3 times
______

1. Consumed alone
2. Consumed with other
foods; describe:

1. Once
2. Twice
3. Three times
4. >3
times
______

1. Consumed alone
2. Consumed with other
foods; describe:

Other fruits or
vegetables?

______
1. Yes
2. No à code, then
proceed to next row

Liver, kidney,
heart, or other
organ meats?

1. Yes
2. No à code, then
proceed to next row

1. Once
2. Twice
3. Three times
4. >3 times
______

1. Consumed alone
2. Consumed with other foods;
describe:

Meat, such as
beef, pork, lamb,
goat, chicken, or
duck?

1. Yes
2. No à code, then
proceed to next row

1. Once
2. Twice
3. Three times
4. >3
times
______

1. Consumed alone
2. Consumed with other foods;
describe:

Eggs?

1. Yes
2. No à code, then
proceed to next row

1. Once
2. Twice
3. Three times
4. >3
times
______

1. Consumed alone
2. Consumed with other foods;
describe:

Fresh or dried
fish and shellfish
(including clams,
snails, crab,
squid)?
Foods made from
beans, peas,
lentils, or nuts?

1. Yes
2. No à code, then
proceed to next row

1. Once
2. Twice
3. Three times
4. >3 times
______

1. Consumed alone
2. Consumed with other foods;
describe:

1. Yes
2. No à
code, then
proceed to next row

1. Once
2. Twice
3. Three times
4. >3 times
______

1. Consumed alone
2. Consumed with other
foods; describe:

Foods made with
oil, fat, or butter?

1. Yes
2. No à
code, then
proceed to next row

1. Once
2. Twice
3. Three times
4. >3
times
______

1. Consumed alone
2. Consumed with other
foods; describe:
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Tea or Coffee

1. Yes
2. No à
code, then
proceed to next row

Iron fortified Fish
Sauce

1. Yes
2. No à
code, then
proceed to next row

Iron fortified Soy
Sauce

1. Yes
2. No à
code, then
proceed to next row

1. Once
2. Twice
3. Three
times
4. >3
times
______
1. Once
2. Twice
3. Three
times
4. >3
times

1. Consumed alone
2. Consumed with other
foods; describe:

1. Once
2. Twice
3. Three times
4. >3
times

1. Consumed alone
2. Consumed with other
foods; describe:

1. Consumed alone
2. Consumed with other
foods; describe:

17. Did you use an iron pot for cooking
yesterday? If yes, how many times and for
how long did you cook with the pot?

1. Yes
2. No

18. How many meals and snacks did you consume
yesterday?
19. Was yesterday’s food intake typical/usual for
you?
20. If no, why was it not typical/usual?
CHECK ALL THAT APPLY.

_________ meals, and
_________ snacks
1. Yesà skip to Q21
2. No
1. I was ill
2. I was not hungry
3. There was not enough food
4. It was a celebration (ate more or
differently)
5. Other – specify: __________________
1. Self (woman)
2. Husband/partner
3. Grandparent
4. Male children
5. Female children
6. Other – specify: ___________________

21. Who is primarily responsible for food
preparation in your household?

If yes:
Number of uses: ____________
Total cooking time: Minutes __________
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MODULE 4: PHYSICAL ACTIVITY STATUS
1. Yes
22. Does your work involve vigorous activity,
2. No à Skip to Q24
which increases your heart rate and causes
heavy breathing? (For example, carrying heavy
loads, or digging)
23. How many days in a week do you engage in
_______________ Days
work that is vigorous?
24. How much time do you spend walking or riding
Hours _________ Minutes __________
a bicycle during the day?
MODULE 5: WATER
1. Yes
25. Do you treat your water in any way to make it
2. No à Skip to Q28
safer to drink?
1. Boil
26. What is the main way you make water safer to
2. Add bleach/chlorine
drink?
3. Strain it
4. Use a water filter (sand, ceramic,
If 4 selected, proceed to Q27
composite, etc.)
If other, proceed to Q28
5. Other, specify
______________
6. Don’t know
1. Yes
27. Is all the water utilized in your household
2. No à Skip to Q28
treated?

MODULE 6: KNOWLEDGE OF IRON and IRON DEFICIENCY ANEAMIA
1. Yes
28. Have you ever heard of iron?
2. No
29. Have you ever heard of iron deficiency,
specifically iron deficiency aneamia?
30. Do you know any symptoms of iron
deficiency aneamia?
31. What are the symptoms of iron deficiency
aneamia?
32. How do you treat iron deficiency
aneamia?
33. Do you know what foods are good
sources of iron?
34. What foods are good dietary sources of
iron?

1. Yes
2. No à code, and proceed to Q33
______
1. Yes
2. No à code, and proceed to Q33
______

1. Yes
2. No à code, and proceed to Q35
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MODULE 7: KNOWLEDGE OF MALARIA
1. Yes
35. Have you heard of Malaria?
2. No à proceed to Q44
1. Yes
36. Do you know the cause of
2. No à proceed to Q38
Malaria?
37. What is the cause of malaria?
_____________________________________________
38. Do you know the symptoms for
malaria?
39. What are the symptoms of
malaria?

1. Yes
2. No à proceed to Q40
_____________________________________________

40. Do you know how to treat
malaria if symptoms persist?
41. What is the treatment for
malaria?

1. Yes
2. No à proceed to Q42

42. Do you know how to prevent
malaria?
43. How do you prevent malaria?

1. Yes
2. No à proceed to Q44
______________________________________

44. Do you sleep under treated bed
nets?
45. How many nights a week

1.
2.
1.
2.
3.
4.
5.

Yes
No à Proceed to 46
Once a week
Twice a week
Five days a week
Everyday
Other _________________
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MODULE 7: PRECEPTIONS OF SUPPLEMENT USE
1. Yes
46. Have you ever taken medicine, or
2. No à Skip to Q50
vitamins or minerals in the form of
pills/tablets?
47. If yes, where did you retrieve these
A. Health Centre
pills/tablets?
B. Hospital
C. Village Health Volunteer
D. Vendor/Store
E. Other: __________________
1. Yes
48. Did you take the pills/tablets according
2. No à Skip to Q50
to instructions?
49. If no, why?

A.
B.
C.
D.
E.
F.

Did not remember to take pills/tablets
Disliked swallowing pills/tablets
Side effects of pills/tablets
Stigma of taking pills/tablets
No change in health, so discontinued use
Other: ________________

ANTHROPOMETRY
• Added – only do third measurement if diff btwn measurement 1 and 2 is more than or
equal to 0.5 cm (height)
• Added – only do third measurement if diff btwn measurement 1 and 2 is more than 0.2
kg (weight)
• Move to Consent form, make a new sheet for enumerators
Thank you so much for your time!

MODULE 8: ANTHROPOMETRIC MEASUREMENTS
Anthropometrics of Participant
50. Height of Participant
51. Weight of Participant
52. Hemocue, Hemoglobin Level

1) __ __ __ . __ cm
2) __ __ __ . __ cm
3) __ __ __ . __ cm
1) __ __ . __ __ kg
2) __ __ . __ __ kg
3) __ __ . __ __ kg
____________ g/L
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Appendix 8: Qualitative survey for clinical research at 3, 6, 9 and 12 months
Name:

.........................................................................

Age:

.........................................................................

Location: .........................................................................
I am going to ask you questions about the use of the intervention (either the fish or the tablets).
Please answer all the questions.
1. Do you belong to the group that is using the iron fish? Yes ☐

No ☐

a. If No …………..go to question 5
b. If Yes …………answer the questions below
When was the last time that you used the fish?
✓ or ✗
Today
This week
2-3 weeks ago
1-2 months ago
Not in last 3 months
How often do you use the fish?
✓ or ✗
More than once a day
Once a day
Every 2-3 days
Every 3-4 days
Once a week
How do you use the fish?
✓ or ✗
When boiling water
Preparing soup
Both boiling water & soup
Preparing another meal
Other (explain)
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2. If you have not been using the fish please answer the following:
What is the PRIMARY reason for not using the fish
The fish affects the taste of the water/food
The fish affects the smell of the water/food
The fish affects the colour of the water/food
I do not know how to use the fish
I do not like to use the fish
I worry that the fish might hurt my family
Health concerning when using the fish
I worry that I cannot use the fish when there is lightening
I forget to use the fish
The fish has gone rusty
Other (explain)

✓ or ✗

Are there additional reasons for not using the fish
The fish affects the taste of the water/food
The fish affects the smell of the water/food
The fish affects the colour of the water/food
I do not know how to use the fish
I do not like to use the fish
I worry that the fish might hurt my family
Health concerning when using the fish
I worry that I cannot use the fish when there is lightening
I forget to use the fish
The fish has gone rusty
Other (explain)

✓ or ✗

3. Does anything that you don’t like happen when you use the fish? Yes ☐ No ☐
a. If yes, please explain .......................................................................................
4. Do you feel any different when you use the fish?

Yes ☐ No ☐

a. If yes, please explain .......................................................................................
5. Do you belong to the group that is using the tablets? Yes ☐

No ☐

a. If No …………..go to question 24
b. If Yes …………answer the questions below
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When was the last time that you took the tablets?
✓ or ✗
Today
Earlier this week
Last week
More than one week ago
Have not been taking them
How often do you take the tablets?
✓ or ✗
Ever day
More than once a day
Every 2-3 days
Every 3-4 days
Once a week
If I miss a day I take extra
When do you take the tablets?
✓ or ✗
In the morning
At lunch time
In the evening
When I remember
Other (explain)
6. If you have not been taking the tablets please answer the following:
What is the PRIMARY reason for not taking the tablets
I forget to take them
I don’t like the taste of the tablets
I find the tablets hard to swallow
I don’t like the taste they leave in my mouth
I don’t like the way they make my stomach hurt
I don’t like the way that they make me constipated
I don’t like the way they make my stools black
I don’t understand why I need to take them
I don’t think that are doing me any good
Other (explain)

✓ or ✗
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Are there additional reasons for not taking the tablets
I forget to take them
I don’t like the taste of the tablets
I find the tablets hard to swallow
I don’t like the taste they leave in my mouth
I don’t like the way they make my stomach hurt
I don’t like the way that they make me constipated
I don’t like the way they make my stools black
I don’t understand why I need to take them
I don’t think that are doing me any good
Other (explain)

✓ or ✗

7. Does anything that you don’t like happens when you take the tablets?
Yes ☐
No ☐
If yes, please explain ..............................................................................................................
8. Do you feel any different when you take the tablets?
Yes ☐

No ☐

If yes, please explain ..............................................................................................................
9. Since we began working with you in February 2015, do you notice that you or the
members of your family are doing anything different?
.............................................................................................................................................................
.............................................................................................................................................................
.............................................................................................................................................................
10. Are you eating differently?

Yes ☐

No ☐

If yes, please explain .................................................................................................................
.............................................................................................................................................................
11. Are you preparing foods differently?

Yes ☐

No ☐

If yes, please explain .................................................................................................................
.............................................................................................................................................................
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12. Do you have any more energy?

Yes ☐

No ☐

If yes, please explain .................................................................................................................
.............................................................................................................................................................
13. Do you see differences in the children?

Yes ☐

No ☐

If yes, please explain .................................................................................................................
.............................................................................................................................................................
I am going to ask you questions about how you feel now compared with the way that you felt
before the treatment.
Please think carefully. In each of the categories do you suffer from any of the ailments? And if you
do is it better, worse or not different from before taking the treatment.
14. Do you suffer from the following:
✓ or ✗

Better than
before (✓ or ✗)

Worse than
before (✓ or ✗)

No change
(✓ or ✗)

Headache
Dizziness
Nausea
Fatigue/tiredness
Constipation
Blood stool
Stomach pain
Insomnia
Heavy bleeding
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Appendix 9: Physical activity survey
PHYSICAL ACTIVITY
I am going to ask you about the time you spend doing different types of physical activity in a typical week.
Please answer these questions even if you do not consider yourself to be a physically active person.
Think first about the time you spend doing work. Think of work as the things that you have to do such as
paid or unpaid work, study/training, household chores, harvesting food/crops, fishing or hunting for food,
seeking employment. [Insert other examples if needed]. In answering the following questions 'vigorousintensity activities' are activities that require hard physical effort and cause large increases in breathing or
heart rate, 'moderate-intensity activities' are activities that require moderate physical effort and cause
small increases in breathing or heart rate.
1. Does your work involve vigorous-intensity
activity that causes large increases in breathing
or heart rate like [carrying or lifting heavy loads,
digging or construction work] for at least 10
minutes continuously?
2. In a typical week, on how many days do you do
vigorous- intensity activities as part of your
work?
3. How much time do you spend doing vigorousintensity activities at work on a typical day?

1 = Yes
0 = No (if no skip to 4)

Number of days:
Hours ___________: Mins __________

4. Does your work involve moderate-intensity
activity that causes small increases in breathing 1 = Yes
or heart rate such as brisk walking [or carrying 0 = No (if no skip to 7)
light loads] for at least 10 minutes continuously?
5. In a typical week, on how many days do you do
moderate- intensity activities as part of your Number of days:
work?
6. How much time do you spend doing moderate- Hours _________ : Mins _________
intensity activities at work on a typical day?
The next questions exclude the physical activities at work that you have already mentioned. Now I would
like to ask you about the usual way you travel to and from places. For example to work, for shopping, to
market, to place of worship.
7. Do you walk or use a bicycle (pedal cycle) for at
least 10 minutes continuously to get to and from 1 = Yes
0 = No (if no skip to 10)
places?
8. In a typical week, on how many days do you
walk or bicycle for at least 10 minutes Number of days:
continuously to get to and from places?
9. How much time do you spend walking or Hours ____________ : Mins ___________
bicycling for travel on a typical day?
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The next questions exclude the work and transport activities that you have already mentioned. Now I
would like to ask you about sports, fitness and recreational activities (leisure).
10. Do you do any vigorous-intensity sports, fitness
or recreational (leisure) activities that cause large 1 = Yes
increases in breathing or heart rate like [running 0 = No (if no skip to 13)
or football,] for at least 10 minutes continuously?
11. In a typical week, on how many days do you do
vigorous-intensity sports, fitness or recreational Number of days:
(leisure) activities?
12. How much time do you spend doing vigorousintensity sports, fitness or recreational (leisure) Hours _________ : Mins _________
activities on a typical day?
13. Do you do any moderate-intensity sports, fitness
or recreational (leisure) activities that cause large 1 = Yes
increases in breathing or heart rate like [running 0 = No (if no skip to 16)
or football,] for at least 10 minutes continuously?
14. In a typical week, on how many days do you do
moderate-intensity sports, fitness or recreational Number of days:
(leisure) activities?
15. How much time do you spend doing moderateintensity sports, fitness or recreational (leisure) Hours _________ : Mins _________
activities on a typical day?
The following question is about sitting or reclining at work, at home, getting to and from places, or with
friends including time spent [sitting at a desk, sitting with friends, travelling in car, bus, reading, playing
cards or watching television], but do not include time spent sleeping.
16. How much time do you usually spend sitting or Hours _____ : Mins _____
reclining on a typical day?
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Appendix 10: Examples of educational material

Pamphlet provided with the domestic packaging providing instructions in pictorial form for people
who might be using the fish but are illiterate.
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10.1 Instruction manual for the domestic market in Cambodia (also available in Khmer)

Page 1
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Page 2
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10.2 Leaflet for advertising the Lucky Iron Fish™ to agencies in Cambodia (also available in
Khmer)

360

10.3 Sales booklet to guide staff selling the fish door-to-door in villages or to educate people
about use of the fish
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Appendix 11: Patent notice of allowance
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Appendix 12: Required components of labeling of packing in Canada
Top side of the box

The top side shows the name, logo, number of articles inside and the weight. The lid also has the
tag-line and the B-Corp certification showing.

One end of the box indicates that the box is made from recycled post-consumer paper and cardboard.
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The second end of the box indicates the address of the company

The sides of the box indicate that the product and packaging was made in Canada
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Appendix 13: Comparative trust and ethical framework survey
(Note: available in English and Khmer)
1.

Among the following five values, which is, for you personally, the most important of all?
Equality
Compassion
Honesty
Freedom
Tolerance

2.

1
2
3
4
5

Don’t know
Refused

3
4

1
3
5

Less
Don’t know

2
4

1
3
5

Less
Don’t know

2
4

1
3
5

Less
Don’t know

2
4

Can people who work for aid agencies and not-for-profit organizations be trusted more or less (or the same) than
the average person?
More
The same
Refused

8.

1
2

Can elected politicians be trusted more or less (or the same) than the average person?
More
The same
Refused

7.

6
7

Can civil servants in government and government agencies be trusted more or less (or the same) than the average
person?
More
The same
Refused

6.

Don’t know
Refused

Can people in the business community be trusted more or less (or the same) than the average person?
More
The same
Refused

5.

6
7

Generally speaking, would you say that most people can be trusted, or that you can’t be too careful in dealing with
people?
Can be trusted
Can’t be too careful

4.

Don’t know
Refused

And which is the second most important?
Equality
Compassion
Honesty
Freedom
Tolerance

3.

1
2
3
4
5

1
3
5

Less
Don’t know

2
4

Here is a list of different institutions/organizations. For each one can you tell me how much confidence you have in
them?
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A Great
Deal
The courts
The media
Parliament
Civil servants
Business
Aid agencies
9.

Some

1
1
1
1
1
1

A little

2
2
2
2
2
2

None at
all

3
3
3
3
3
3

Don’t
know

4
4
4
4
4
4

Refused

5
5
5
5
5
5

6
6
6
6
6
6

Here is a list of groups of people. I’d like you to tell me if you think that the ethical principles of these people are
higher, lower or about the same as those of the average person:
Higher

Judges
Journalists
Members of parliament
Civil servants
Business men
Business women
Aid workers from abroad
Local aid workers

Lower

1
1
1
1
1
1
1
1

About same

Don’t know

3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4

2
2
2
2
2
2
2
2

Refused
5
5
5
5
5
5
5
5

10. Here is a list of things that some people do. We are interested in knowing whether you think that each one is
acceptable or unacceptable.
Usually
Acceptable

Sometimes
Acceptable

Rarely
Acceptable

Never
Acceptable

Don’t
know

Refused

Failing to report damage
accidentally done to a
parked car

1

2

3

4

5

6

Lying to protect a friend

1

2

3

4

5

6

Accepting a gift for doing
your job

1

2

3

4

5

6

Using your influence to
get a friend a job

1

2

3

4

5

6

Giving a police officer
money to avoid a
speeding ticket

1

2

3

4

5

6

Asking for a bribe to
complete a task faster

1

2

3

4

5

6

Breaking a promise

1

2

3

4

5

6

Paying a bribe to a
business person to
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complete a task faster

1

2

3

4

5

6

Paying a bribe to a
government official to
complete a task faster

1

2

3

4

5

6

Working for a business
that pays bribes to
government to complete
work faster

1

2

3

4

5

6

Working with an aid
agency that pays bribes
to government/business
to complete work faster

1

2

3

4

5

6

11. If you pay a bribe to an official, is it better to offer money or a small gift to help speed up processes
Better to pay money
Better to give a small gift
No difference

1
2
3

Don’t know
Refused

4
5

12. Now I am going to read you some statements. I’d like you to answer whether you strongly agree, somewhat
agree, somewhat disagree or strongly disagree
Strongly
Agree

Somewhat
Agree

Somewhat
Disagree

Strongly
Disagree

Don’t
know

Refused

No matter what we do
we will never put an end
to political corruption
in this country

1

2

3

4

5

6

No matter what we do
we will never put an end
to business corruption
in this country

1

2

3

4

5

6

Political corruptions is
widespread in this country

1

2

3

4

5

6

Business corruptions is
widespread in this country

1

2

3

4

5

6

Paying bribes is part of
everyday business in
Cambodia

1

2

3

4

5

6

Paying bribes is expected
when interacting with
government in Cambodia

1

2

3

4

5

6

Aid agencies are willing
to bribe government officials
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and business to speed up
processes

1

2

3

4

5

6

An aid agency that is not
willing to bribe an official
or business will fail in this
country

1

2

3

4

5

6

Obedience and respect for
authority are the most
important virtues we should
teach our children

1

2

3

4

5

6

People for run for election
are usually “out for themselves”

1

2

3

4

5

6

Politicians should have
higher ethical standards
than the average person

1

2

3

4

5

6

Loyalty to friends is often
more important that
obeying the law

1

2

3

4

5

6

It is acceptable to ask for
a bribe to speed up a
process

1

2

3

4

5

6

It is acceptable to pay a
small bribe to make things
happen faster

1

2

3

4

5

6

1

2

3

4

5

6

1

2

3

4

5

6

Aid agencies should take
the lead and refuse to pay
bribes to business

1

2

3

4

5

6

Bribery and corruption
should be controlled by
law in Cambodia

1

2

3

4

5

6

Aid agencies should be
expected to pay bribes like
everyone else
Aid agencies should take
the lead and refuse to pay
bribes to government

Can you think about some comparisons?

378

13. Do you think that there is more, less or the same amount of corruption in the government as there is in business?
More
Less
The same

1
2
3

Don’t know
Refused

4
5

14. By paying a bribe to speed up service or a process do you think that aid agencies and volunteer organizations are
more or less corrupt than government or the same?
More
Less
The same

1
2
3

Don’t know
Refused

4
5

15. By paying a bribe to speed up service or a process do you think that aid agencies and volunteer organizations are
more or less corrupt than business or the same?
More
Less
The same

1
2
3

Don’t know
Refused

4
5

16. Do you think that women in government have a higher, lower or about the same ethical standards as men?
Higher
Lower
The same

1
2
3

Don’t know
Refused

4
5

17. Do you think that women in business have a higher, lower or about the same ethical standards as men?
Higher
Lower
The same

1
2
3

Don’t know
Refused

4
5

18. Is there anything that should be done to change the culture of use of bribes and corruption in business?

19. Is there anything that should be done to change the culture of use of bribes and corruption with government?

20. Should the non-for-profit section continue to pay bribes to government or business?
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Appendix 14: Awards and recognition for Lucky Iron Fish Inc.
Social Entrepreneur of the Year (Babson College, Boston MA, USA) .............. 2016
International leadership is social innovation and entrepreneurism

Big Ideas Innovation Award for innovative business solutions .......................... 2016
Innovative business solutions that will change the world

Forbes Top 30 Under 30 Middle East (Innovation) ............................................. 2016
Innovation, entrepreneurship and business leadership in a Middle East market

Forbes Top 30 Under 30 Asia (Innovation) ......................................................... 2016
Innovation, entrepreneurship and business leadership in an Asian market

Forbes Top 30 Under 30 North America (Innovation) ........................................ 2016
Innovation, entrepreneurship and business leadership in North America

Design Asia Grand Award .................................................................................. 2016
Design Award for innovation in an Asian market

CLIO Awards, New York ................................................................................... 2015
Nine awards including Grand Prix in several categories related to
marketing, business innovation etc.

Lions Cannes International Lions Festival ......................................................... 2015
Eight awards including a Grand Prix in several categories for design,
social impact, business innovation, innovative use of social media etc.

Finalist Edison Award, USA (Silver Award) ..................................................... 2015
Impact design for innovative solutions

Finalist Manning Award, Canada ....................................................................... 2015
Innovation in business leadership and design

Finalist Fast Company Award ............................................................................ 2014
International design award
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