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Abstract 
 

 

Background: Fluoride plays a beneficial role in the prevention and repair of dental 

caries across all ages. In New Zealand, fluoride is found naturally in low concentrations 

in the water, soil and air. As a public health initiative, Community Water Fluoridation 

(CWF) and fluoride containing dentifrices were made available to increase fluoride 

exposure. There is currently a lack of data directly measuring fluoride intake within the 

population, particularly over the age of five years. 

Objective: To compare fluoride intake of children aged 9-11 years living in fluoridated 

and non-fluoridated regions within New Zealand.  

Design: A cross-sectional study was designed to measure total fluoride ingestion in 

children living in the Dunedin (fluoridated) and Waitaki (non-fluoridated) regions of 

the lower South Island of New Zealand. Dietary fluoride consumption was measured 

by 24-hr Weighed Diet Records (WDR). Expectorated toothpaste and toothbrush rinsed 

in deionised water samples were collected to calculate fluoride ingested from toothpaste. 

Fluoride excretion was analysed in 24-hr urine samples.  

Results: The mean ± standard deviation (SD) fluoride ingested from the diet and 

toothpaste in Dunedin (n=48) and the Waitaki District (n=16) was 1.546 ± 0.947 and 

1.040 ± 0.853 mg/day, respectively; the Adequate Intake (AI) of fluoride is 2 mg/day. 

When only the diet (including fluoridated water) was considered, children from the 

fluoridated area consumed over twice as much fluoride as children from the non-

fluoridated area, 0.730 ± 0.372 and 0.293 ± 0.281 mg/day, respectively. Toothpaste 

contributed 52 and 67% of the total fluoride intake in Dunedin and Waitaki, 

respectively. On average, Dunedin and the Waitaki District excreted 0.55 ± 0.46 and 

0.24 ± 0.15 mg/day of fluoride, equivalent to 42 and 31% of the total fluoride ingested, 

respectively.  
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Conclusion: Water and toothpaste were the primary factors contributing to total 

fluoride intakes in 9-11-year-old children living in two South Island regions. However, 

regardless of whether children lived in an area with or without CWF, on average, the 

total fluoride intakes of these children did not exceed the AI of 2.0 mg/day.  
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Preface 
 

The research project undertaken in this thesis belongs to the wider Fluoride in 

Schoolchildren Study (FLOSS) conceived and supervised by Associate Professor 

Sheila Skeaff. The responsibilities of the supervisor included submitting research 

proposal, obtaining ethical approval, applying for funding, as well as proofreading 

written work by the candidate. The work presented in this thesis has utilised some of 

the methods and material developed in 2017 in a pilot study undertaken by two other 

Master of Dietetic students (Chontelle Watts and Caitlin Davenport). 

This project was conducted by two Master of Dietetic students (the candidate and 

Tanya Rogers) from the Department of Human Nutrition, University of Otago whom 

shared the following responsibilities: 

 

o Contributed to study design. 

o Produced information packages to distribute to potential participants, including 

consent forms and pamphlets for the child. 

o Recruited participants via contacting and visiting primary schools, advertising 

and word of mouth. 

o Scheduled home visits and sample collections with participants; participants 

were able to contact candidates via phone or email throughout the process.  

o Gathered equipment and instructions for the home visits, including kitchen 

scales, bodyweight scales, precision scales, diet records, specimen containers, 

2 L bottles, 4 L buckets, funnels and bowls.  

o Facilitated in data collection. 

o Delivered verbal and written instructions during home visits. 
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o Processed samples; weighing samples, homogenised duplicate diet content, 

taking aliquots and storing samples. 

o Entering diet records into Kai-culator. 

o Assisted in data cleaning. 

o Mapped fluoride data from the NZ & UK database into Kai-culator program. 

o Assisted Karl Bailey (Lab Technician, Human Nutrition) in urine and toothpaste 

sample analysis. 

 

The candidate was solely responsible for the following aspects of this thesis: 

• Completing statistical analysis using Excel and interpreting data 

• The writing of all thesis components 
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1. Introduction 
 

 

Dental caries is the most prevalent childhood chronic disease in New Zealand (1-3). 

Dental caries is the result of dental plaque bacteria using dietary carbohydrates to produce 

acid, causing demineralisation of the enamel (3). The 2016/17 New Zealand Health 

Survey estimated that 36,000 children between the ages of 1-14 years had one or more 

teeth extracted due to decay, infection or abscess within the past year (4). Dental caries 

is a costly and preventable disease that could affect a child’s sleeping and eating habits, 

self-esteem and overall quality of life (5-7).  

 

Fluoride is a widely dispersed trace mineral found in the air, soil and water and is used 

to sustain bone health in humans (8, 9). Fluoride was identified as having an essential 

role in the prevention and repairing of dental caries in the early part of the 20th century 

(10-12). The relationship between fluoride and dental caries was first recognised by two 

dental researchers, McKay and Black, during a research project in a high-fluoride 

community of Colorado, United States, in 1908. Their discoveries concluded that 

individuals exposed to high-fluoride in the water supplies were more susceptible to 

fluorosis or mottled teeth, but these same individuals also showed some resistance to 

tooth decay (8, 13-16). Fluorosis is a condition which can lead to hypomineralisation of 

the teeth, and in some rare cases calcification of the ligaments (17).  

 

The fluoride content of most foods is low, however, fluoride concentrations found in 

water is highly variable, in New Zealand, it is naturally less than 0.2 ppm (8, 13). The 

Ministry of Health (MoH) recommends that water fluoride concentrations at 0.7 – 1.0 

ppm for optimal prevention of dental caries, particularly for lower socioeconomic regions 

(6, 15, 18, 19). Due to the importance of fluoride in the prevention of dental carries, the 
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New Zealand Community Water Fluoridation (CWF) was introduced in 1954.  CWF 

became the most cost-effective intervention to distribute fluoride and its associated 

health benefits (20, 21). Currently, 52% of the New Zealand population has access to a 

community fluoridated water supply (6).  

 

By 1980, the development of fluoridated toothpaste had a significant role in the decline 

of dental caries worldwide (18, 20). However, concerns were raised with regards to 

children's fluoride intake because children inadvertently swallow toothpaste due to their 

less developed swallowing reflex (22). This resulted in an increased prevalence of mild 

fluorosis (23, 24). Other fluoride delivery vehicles widely used include fluoride tablets 

and dentifrices such as mouthwash and gel.   

 

To date, only two studies in New Zealand have measured fluoride intake in infants and 

3 – 4-year-old children, both taking place in the 1990s (8, 25). The aim of this study was 

to measure fluoride intakes in children aged 9 – 11 years living in Dunedin (fluoridated, 

i.e. CWF) and the Waitaki District (non-fluoridated). This study will help determine if 

New Zealand children are meeting the MoH’s recommendations for adequate fluoride 

intake. 
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2. Literature Review 
 

 Methodology 

The aim of this literature review is to investigate the sources, health implications and 

assessment methods related to fluoride intake, particularly in children. Literature was 

retrieved using variations and combinations of the keywords, as shown in Table 1, 

accessed through the University of Otago, PubMed, Scopus, Web of Science and Google 

Scholar. Further resources were found from the reference list of relevant articles and 

government websites.  

 

Table 1: Keywords used in Search Engines. 

 

Keywords 

 

Fluoride 

Children 

Water 

Intake 

Dentifrices 

Toothpaste 

Recommendations 

New Zealand 

Oral Health 

Decay 

Caries 

Fluorosis 

Metabolism 
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  Fluoride Background 

2.2.1 Metabolism 

Fluoride is absorbed in the form of hydrogen fluoride (HF) through passive diffusion, 

mainly in the stomach, with the proximal small intestine playing lesser role (9, 26). The 

rate of absorption is pH dependent with diffusion rates increasing with decreasing pH, 

Gastric acid secreted by the stomach allows for an increased diffusion rate compared to 

the proximal small intestine (9,26-28). Approximately 80 – 90% of ingested fluoride is 

bioavailable as the HF form, however, certain cations such as calcium, phosphorus and 

magnesium can interact with fluoride, decreasing the rate of absorption (27). On an 

empty stomach, fluoride tablets are almost completely absorbed, decreasing to 60-70% 

when consumed with a calcium rich meal (29, 30). Fat and protein rich meals can enhance 

absorption by delaying gastric emptying which enables more time for diffusion to take 

place (31).  

Peak fluoride concentration can be detected in the plasma within 20-60 minutes 

post ingestion, depending on the blood flow rate (26, 27). Within 3-6 hours, plasma 

fluoride concentration declines rapidly due to skeletal uptake and urinary excretion of 

the mineral (17, 32). Approximately 99% of fluoride in the body is stored in calcified 

tissues, with the remainder distributed throughout soft tissues and organs (27). Fluoride 

excretion is regulated by the kidneys through the urinary tract, with the rate influenced 

by diet, drugs, altitude and the health status of the kidneys (33). Negligible quantities are 

excreted in faeces and sweat (17). Fluoride retention is inversely correlated with age; 

although fluoride excreted in children may vary between 36 – 85%, studies indicate 

healthy children excrete less ingested fluoride compared to adults (17, 32, 34). Unlike 

most minerals, the body has a relatively poor homeostatic mechanism for fluoride (27). 

Singer et al. found an increase in fluoride water concentration is associated with a 
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significant increase in plasma concentration (35). Therefore, the fluoride content in the 

body can reflect an individual’s direct exposure to fluoride (35, 36).  

Respiratory absorption of fluoride is only considered in certain industrialised or 

urbanised environmental conditions. Fluoride dust is common in the air in areas 

producing high gas emissions, particularly the aluminium industry, as well as areas that 

are using fluoride phosphate fertilisers on farmland (37).  

2.2.2 Health Implications 

 

2.2.2.1 Dental Caries 

Dental caries or tooth decay is an irreversible disease commonly associated with 

inadequate fluoride exposure, alongside poor oral hygiene and high sugar intake (38-40). 

It is caused by the acid by-product produced when dietary carbohydrates are metabolised 

by the plaque bacteria on the tooth surface (17). The acid gradually dissolves essential 

minerals including calcium and phosphate from dental hard tissue in a process known as 

demineralisation; allowing this process to continue over a prolonged period will lead to 

dental caries (3, 14). Signs of caries are characterised by white-spot lesions and cavitation, 

resulting in oral pain and teeth extraction (3). Lifestyle changes such as regular teeth 

brushing and decreasing intake of sugar from a high sugar diet are modifiable factors that  

reduce the risk of caries. Demineralisation can be reversed by restoring minerals via 

remineralisation, and both processes occur continuously throughout the day. Saliva 

promotes remineralisation by surrounding the enamel with minerals, including fluoride, 

which facilitates the restoration of the enamel structure (3, 14, 41).  

In the early 1900s, research conducted by Black and McKay in Colorado found 

high fluoride exposure corelated with low prevalence of dental caries (14, 16). Further 

studies found fluoride could enhance repair and prevent caries through three main 
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mechanisms. Firstly, it acts as a catalyst for calcium and phosphate to be reabsorbed by 

arresting acid production and promoting diffusion, this encourages a healthy balance of 

demineralisation and remineralisation (3, 41). Secondly, it becomes incorporated into the 

new teeth structure, creating a more acid resistant enamel (3, 14) and thirdly, fluoride 

inhibits cariogenic bacteria metabolism (4, 14).  

 

2.2.2.2 Fluorosis 

 
Inadequate fluoride can lead to dental caries, although, excessive exposure can lead to 

dental fluorosis (17). Fluorosis is the irreversible outcome only found in developing teeth 

structures. Young children are a critical age group when considering levels of fluoride 

exposure (42). With high levels of fluoride, protein formation of the enamel may be 

disrupted, resulting in hypomineralisation and increased enamel porosities (43). The 

severity can vary depending on duration and level of fluoride exposure. Mild dental 

fluorosis is characterised by white chalky specs on the surface of teeth, although this is 

unlikely to affect the tooth’s function (17). Severe dental fluorosis tends to make teeth 

brittle and can result in discoloration, pitting and enamel loss (17).  

Fluoride is widely known for its role in oral health, but it is also required for 

optimising overall bone health in the body (10, 12, 14, 20). Fluoride stimulates 

osteoblasts, facilitating bone formation and increasing bone mass (44, 45). However, 

chronic exposure to high fluoride can lead to skeletal fluorosis, characterised by a weaker 

bone structure. Prevalence and severity of fluorosis are correlated with increasing 

fluoride concentration over many years (46). In the early stages, pain and stiffness are 

found in joints, and more severe cases result in bone deformities and mineralisation of 

muscle attachments and vertebra (47).  
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2.2.3 Sources 

Since the association between the beneficial role of fluoride in dental caries was first 

discovered in the 1900s, it has since been incorporated into several delivery mechanisms 

such as dentifrices and commonly consumed foods and beverages (23, 26, 48, 49). 

Water is a major contributor to the total fluoride intake (8). Natural fluoride 

concentrations in water can vary between 0.1 – 5.0 ppm depending on the geographical 

deposit from soil and rock mineral content (50). Several countries, including New 

Zealand, with naturally low levels of fluoride, may artificially add fluoride to the 

municipal water supply in a process known as fluoridation. For optimal prevention of 

dental caries, it is recommended that CWF should aim to be within 0.7 – 1.0 ppm (6). 

Non-fluoridated water provides around 4% of the adequate intake (AI) for children 

compared to 54% in fluoridated communities (51, 52).  

Manufactured foods and beverages produced in fluoridated regions are able to 

export fluoride to non-fluoridated areas in a movement referred to as the halo effect (27). 

Beverages, rice and pasta prepared with optimal fluoride water is the main dietary 

contributor of daily intake in a fluoridated area compared to bread and carbonated drinks 

in non-fluoridated areas (53). Food preparation influences the concentration of fluoride 

found in food (54). For example, rice cooked in fluoridated water will have a fluoride 

content approximately 11% higher than that of unboiled rice (54).  

Most unprocessed foods and drinks are relatively low in fluoride, except for tea 

(54). The tea plant Camellia sinensis accumulates fluoride in its leaves by absorbing it 

from the air and water (54). The act of infusing tea into water releases 0.43 – 8.85 ppm 

of fluoride, an essential source of dietary fluoride intake particularly in countries that 

regularly consume tea (55). Due to its solubility, fluoride in tea has a very high 

bioavailability, close to that of fluoridated water (54, 56, 57). Chan et al. found that adults 
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in the United Kingdom could be consuming up to 150% of the recommended fluoride 

value from tea consumption alone (42, 55).  

 

Topically applied fluoride also has a high bioavailability. Topically describes systems 

that directly deliver fluoride on exposed dentition and are not intended for ingestion (48). 

Fluoride toothpaste is a common dentifrice applied topically on a regular basis. The 

concentration of fluoride in most fluoride toothpaste is generally from 1000 – 1450 ppm 

and recommended for all age groups; <1000 ppm fluoride toothpaste can be considered 

for low risk groups living in fluoridated areas (6). Fluoridated water and fluoride 

toothpaste are the cornerstones for preventing caries (6).  

Children under 6 years tend to ingest substantial amounts of toothpaste as a result 

of their less developed swallowing reflexes, and this can contribute up to 87% of total 

fluoride intake, hence increasing the risk dental fluorosis (58, 59). To avoid swallowing 

large amounts of toothpaste, it is recommended that children use a smear of toothpaste 

and brush their teeth twice a day under adult supervision (6).  

Dentifrices, including mouthwash, gels or varnishes, used in conjunction with 

fluoride toothpaste, cause a significant reduction in caries compared to fluoride 

toothpaste alone (48). In the past, fluoride tablets were advocated for non-fluoridated 

populations providing 0.5 mg of fluoride ion per tablet (6). Due to the increased risk of 

fluorosis, New Zealand and Australia now only recommend tablets to be used under the 

advice of an oral health professional for individual health measures (6).  

2.2.4 Recommendations for Fluoride Intake 

The guidelines, as shown in Table 2, were approved by the New Zealand’s MoH, and the 

Australian Government Department of Health and National Health and Medical Research 
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Council (NHMRC) (42). The ultimate goal is to prevent dental caries without adverse 

health effects such as dental fluorosis.  

An Adequate Intake (AI) is determined based on the observed mean intake of an 

apparently healthy population, the criterion of adequacy is intended to be associated with 

low dental caries occurrence (60). However, the interpretation of AI needs to be taken 

with caution as it cannot be used to interpret prevalence of deficiency, the AI may be 

above the unknown RDA (Recommended Dietary Allowance) and intakes below the AI 

may still have a low prevalence in caries (60). The Upper Limit (UL) is the maximum 

average value unlikely to inflict adverse health effects such as dental and skeletal 

fluorosis (61). These UL was originally derived from a no-observed-adverse-effect level 

(NOAEL) of 10 mg/day found within the age group of 10 years and above, as stated from 

studies conducted during the 1940s by Dean (62). These studies observed the relationship 

between skeletal fluorosis and fluoride intake in humans to determine the maximum 

amount of fluoride that should be considered safe for human consumption. A low 

uncertainty factor (UF) of 1 was also established in these studies, suggesting the NOAEL 

can be transposed for the use in large populations (63).  
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Table 2: Nutrient Reference Values (NRV) of Fluoride for Infants, Children and 

Adults(42). 

 

 

 

 

 

 

 

 

 

 
  

 

 

 

The AI for all age groups was determined as 0.05 mg/kg body weight/day, later converted 

to the standard bodyweights for each age group (ie. The AI for 9 – 13-year-old children 

was based on the average weight of 40 kg). The UL of 10 mg/day for older children, 

adolescents and adults was derived to prevent skeletal fluorosis (42).  

The AI and UL values for children aged 0 – 8 years were reviewed in 2017 to 

address concerns that the dietary fluoride intake of infants and young children were 

exceeding their UL. However, there was no evidence that found a high intake was 

correlated with a higher prevalence of moderate or severe dental fluorosis (42). Changes 

from the 2006 recommendations made after the review included; the AI for children aged 

1 – 3 years decreased from 0.7 to 0.6 mg/day, AI recommendations for 0 – 6 months 

were removed due to the lack of conclusive data, and the UL for 0-8 years doubled, from 

0.1 to 0.2 mg/kg/day. More recent average body weight data were used to update daily 

Age group AI 

(mg/day) 

UL 

(mg/day) 

Infants 0-6 m - 1.2 

 7-12 m 0.5 1.8 

Children 1-3 y 0.6 2.4 

 4-8 y 1.1 4.4 

 9-13 y 2.0 10.0 

 14-18 y 3.0 10.0 

Adults 19+ (women) 3.0 10.0 

 19+ (men) 4.0 10.0 
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recommendations for each age group from 0 – 8 years. There were no changes to the 

recommendations for those aged above nine years. 

 New Zealand status 

2.3.1 Oral Health Status 

 

Currently, all children up to the age of 18 years in New Zealand are entitled to free dental 

care and approximately 52% of the population has access to CWF. Although CWF is 

recommended by the MoH, the decision to fortify public water supplies is under the 

discretion of the district councils. Since the introduction of CWF and fluoride toothpaste, 

oral health disparities have attenuated in CWF regions and dental caries has declined 

nationwide, from 93% of children experiencing caries in the 1980 to 50% in 1995 (6, 20). 

The trend of declining caries plateaued during the 1990s, suggesting the fluoridation 

scheme may have reached its effective limit (6). However, oral health inequalities are 

currently worsening between less and more deprived population groups, and Māori and 

non-Māori populations (6). Dental caries remains an ongoing problem with strong 

associations to deprivation and ethnicity (64). The detrimental outcomes of the disease 

are a burden on the population quality of life and the economy (5, 6). 

2.3.2 Fluoride Intake in New Zealand 

 

In 1990, a study in New Zealand compared fluoride intakes in infants between 11 – 13 

months living in fluoridated and non-fluoridated areas (25). The average fluoride intake 

from the diet was 0.263 and 0.082 mg/day, respectively. Fluoridated regions were 

consuming half the AI of 0.5 – 0.6 mg/day, meanwhile non-fluoridated areas were 5 – 7 

times less. With the addition of fluoride tablet and toothpaste, fluoride intake increased 

to 0.305 and 0.195 mg/day in fluoridated and non-fluoridated regions, respectively. In 

1996, Guha-Chowdhury et al. reported that 3 – 4-year-old New Zealand children living 

in fluoridated areas consume approximately twice as much fluoride than those living in 
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non-fluoridated areas, 0.36 and 0.15 mg/day, respectively (65). The average intake of 

both groups was below the AI of 0.6 – 1.1 mg/day. When toothpaste was included, 3 year 

old’s living in fluoridated areas could meet their AI.  

 In 2010 Cressey et al., stated that all age groups in New Zealand were at low risk 

of exceeding the UL from diet and toothpaste, except 6 – 12-month-old children using 

fluoride toothpaste in fluoridated areas (8). Infant formula contributed around 50% and 

25% of fluoride intake for infants living in a fluoridated and non-fluoridated areas, 

respectively. Water was the main contributor to total fluoride intake, with potato, soft 

drinks and bread as the other primary sources. Bread was an important staple for children 

and is the main dietary source up to the age of 14 years living in non-fluoridated areas. 

The adult population was likely to be receiving insufficient fluoride for optimum caries 

protection, especially because toothpaste makes a negligible contribution to an adult’s 

regular fluoride intake (8). 

 

 Global Status   

Despite improvement of oral health status worldwide since CWF and fluoride dentifrices 

were introduced, caries persist as a leading public health problem affecting 60 – 90% of 

school children (65). Children living in optimal and high fluoride areas are at lower risk 

of dental caries, although have a higher prevalence of fluorosis than those living in low 

fluoride areas (14, 66, 67). However, the average child living in low or optimal fluoride 

regions are unlikely to be meeting their corresponding AI for ideal caries resistance (68-

75).  

The main foods sources of fluoride include breads, potatoes, rice and cereals, 

notably all staple ingredients in a child’s diets . Areas with optimal fluoride concentration 

had a higher fluoride intake from the diet than areas with non-optimal fluoride water 
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concentration (65, 72, 76-79). Numerous countries have implemented CWF, for areas 

that are unable to, fluoridated milk and salt has been identified as effective delivery 

vehicles to increase fluoride ingestion (80, 81).  

Several studies have acknowledged toothpaste as a major source of ingested 

fluoride amongst younger children (75, 82). As swallowing reflexes mature with age, 

fluoride ingestion is expected to decrease. This realisation recognises a need to identify 

a more reliable and permanent fluoride source for older children, adolescents and adults 

to enhance the prevention of caries in populations exposed to low fluoride water.  

The World Health Organisation (WHO) predicts dental caries will continue to 

rise due to the growing consumption of simple sugars and inadequate fluoride exposure 

(83). During the past decade, an increase in caries coincided with the increased 

consumption of soft drinks, confectionary and foods with added sugar (84). Studies have 

proposed that a targeted tax on sugary beverages, providing affordable fluoride-

containing dentifrice, and education on this topic can potentially change consumer 

behaviours and reduce dental caries for high risk groups (83, 85).  
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Table 3: International studies of fluoride intake in children in order of age. 

Author 

Country, year 

Population 

group (n) 

Study method Fluoride intake 

(mean ± standard deviation) 

 

Main fluoride sources  

 

Chowdhury et al. 

 

New Zealand,  

1990 (25) 

 

n= 60 

 

11-13 m 

Comparison of F and NF areas: 

F= 0.8-0.9 ppm 

NF = 0.09-0.1 ppm 

 

Dietary: 3-day duplicate diet, breast milk sample 

Analysis: Ion-specific electrode 

Diet alone: (mg/day) 

F = 0.263 ± 0.131 

NF = 0.082 ± 0.054  

 

Toothpaste, Fluoride tablets and 

Diet: (mg/day) 

F= 0.305 ± 0.232 ↓ 

NF = 0.195 ± 0.175↓ 

 

AI = 0.5-0.6 mg/day 

Dietary: Soy milk formula + Fluoride 

tablets 

 

Dentifrices: Toothpaste 

 

 

Malde et al. 

 

Ethiopia, 2003 (71) 

 

n= 30 

 

1-5 y 

(Fully 

weaned) 

Comparison of two high water fluoride areas: 

Village A = 1.8-2.1 ppm 

Village K = 14.4 ppm 

 

This study only analysed beverage intake. 

Dietary: 4-day duplicate diet, beverage sample.  

 

Beverages: (mg/day) 

Village A = 1.2 – 1.5 ↑ 

Village K = 5.9 – 8.8 ↑ 

 

AI = 0.5-1.1 mg/day 

An inverse correlation between milk 

and fluoride intake.  

 

High prevalence of fluorosis in these 

areas. 
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Martinez et al. 

 

Mexico, 2003 (82) 

 

 

n= 46 

 

15-36 m 

Comparison of two low water F areas: 

Veracruz = 0.04 ppm 

Mexico City = 0.07 ppm 

 

Dietary: Duplicate diet 

Biochemical: Expectorated toothpaste, Plasma 

fluoride 

Total intake:  

 

Veracruz 

 = 2.53 ± 1.09 mg/day  

or 

0.18 ± 0.07 mg/kg bw/day ↑ 

  

 

Mexico City                               = 

2.58 ±1.09 mg/day  

or  

0.20 ± 0.08 mg/kg/day ↑ 

 

AI = 0.6 mg/day  

      = 0.05 mg/kg bw/day 

 

31 and 23% fluoride contributed from 

food 

 

5% fluoride contributed from 

beverages 

 

64 and 72% fluoride contributed from 

toothpaste, Veracruz and Mexico 

City, respectively  

 

 

 

Rojas-Sanchez et al. 

 

United States, 1999 (78) 

 

n= 54 

 

16-40 m 

Comparison of naturally optimal and negligible 

areas: 

Optimal F area (Indianapolis) = 0.8-1.2 ppm 

Negligible F area (Connersville and San Juan) = <0.3 

ppm 

 

Dietary: 2 or 3-day duplicate diet in a week 

Clinical: Expectorated Toothpaste 

Analysis: hexamethylsiloxane microdiffusion 

 

Total intake: (mg/day) 

 

San Juan = 0.767 ± 0.075 ↑ 

Connersville = 0.097 ± 0.090 ↓ 

Indianapolis = 0.097 ± 0.090 ↓ 

 

AI = 0.6 mg/day 

 

Toothpaste contributes 44-71% of 

total F intake, 

 

13-41% are from beverages. 

 

No significant difference between F 

and NF area.  
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Paiva et al. 

 

Brazil, 2003 (74) 

 

n= 71 

 

19-38 m 

Comparing 2 communities, both optimally F: 0.7 

(0.6-0.8) ppm 

 

Dietary: duplicate diet, food sample 

Biochemical: Expectorated toothpaste 

 

 

 

 

 

F intake toothpaste and diet: 

(mg/kg bw/day) 

 

0.088 ± 0.049 and  

0.090 ± 0.022 ↑ 

 

AI = 0.05 mg/kg bw/day 

65 and 57% contribution from 

toothpaste.  

 

Nohno et al. 

 

Japan, 2006 (72) 

 

n= 38 

 

2-8 y 

Comparing moderate and low fluoride areas, MFA 

and LFA: 

 

MFA = 0.555 ppm 

LFA = 0.04-0.131 ppm 

 

Dietary: Duplicate diet  

Mean F intake: (mg/kg/day) 

MFA = 0.0252 – 0.054 ↓ 

LFA = 0.0126 – 0.0144 ↓ 

 

AI = 0.05 mg/kg bw/day 

Water beverages 

 

 

Chowdhury et al. 

 

New Zealand, 1996 (65) 

 

n= 66 

 

3-4 y 

Comparing F and NF areas: 

 

F area = 0.9-1ppm 

NF area= 0.2-0.3ppm 

 

Dietary: Duplicate diet x 3, diet record 

Biochemical: Expectorated toothpaste 

Analysis: ion-specific electrode 

Diet intake: (mg/day) 

F area = 0.36 ± 0.17  

NF area = 0.15 ± 0.06  

 

Diet and toothpaste: (mg/day) 

F area = 0.68 ± 0.27 ↑ 

NF area = 0.49 ± 0.25 ↓ 

 

AI = 0.6-1.1 mg/day 

Primarily toothpaste then diet  
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Author 

Country, year 

Population 

group 

Study method Fluoride intake 

(mean ± standard deviation) 

 

Main fluoride sources 

 

Haftenberger et al. 

 

German, 2001 (34) 

 

n= 11 

 

3-6 y 

CWF concentration 0.25mg/L,  

common supplement and fluoride salt used in this 

area.  

  

Dietary: Duplicate diet 

Biochemical: Expectorated toothpaste and urine 

collection  

Diet intake: (mg/day) 

0.2025 ± 0.116.2 

 

Toothpaste intake: 

0.2739 ± 0.1766  

 

Total intake:  

0.9307 ± 0.3915 mg/day or 

0.053.0 ± 0.021.4 mg/kg bw/day 

↑ 

 

AI = 0.6-1.1 mg/day 

 

 

Around 30% was from toothpaste. 

21.8% contributed from food eaten 

including the fluoridated salt partly 

used to prepare that food. The 

remaining 48.8% was from fluoride 

tablets. 51.1% excreted in urine 

 

 

Zohouri et al. 

 

Iran, 2000 (79) 

 

n= 103 

 

4 y 

Mean fluoride concentration: 

LFA = 0.3 ppm 

MFA= 0.6 ppm 

HFA = 4.0 ppm 

 

Dietary: x2 3-day diet record, food samples 

Diet intake: (mg/day) 

LFA = 0.413 ± 0.021↓ 

MFA = 0.698 ± 0.089 ↓ 

HFA = 3.472 ± 0.557 ↑ 

 

AI = 1.1 mg/day 

72-87% contribution from drinks, of 

which 31-38% is from tea.  

Rice and bread 

 

Omid et al. 

 

United Kingdom,  

2017 (73) 

 

n= 61 

 

4-6 y 

Fluoride concentration = 1ppm 

 

Dietary: Duplicate diet, 3-day Diet record 

Clinical: Expectorated toothpaste 

Biochemical: 24hr Urine  

Mean F intake:  

1.166 ± 0.700 mg/day ↑ 

 

AI = 1.1 mg/day 

Children with optimal F intake (0.05 

– 0.07mg/kg bw/day) consumes 53% 

of total F intake from toothpaste.  

 

High fluoride intake (>0.07 mg/kg 

bw/day) consumes 62% of total F 

intake from toothpaste.  
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Author 

Country, year 

Population 

group 

Study method Fluoride intake 

(mean ± standard deviation) 

 

Main fluoride sources 

 

Rodrigues et al.  

 

Brazil and Peru,  

2009 (77) 

 

n= 21-26 

in each 

location 

 

4-6 y 

F concentrations: 

 

Bauru, Brazil: 

F water = 0.6-0.8ppm 

Brejo dos santos: 

F water = 0.6-0.9ppm 

Lima, Peru: 

F salt = 180-200mg/kg 

Trujillo, Peru: 

F milk = 250mL contain 1.0mg 

Pitajui, Brazil: 

NF = 0.779 

 

Dietary: duplicate diet x2 

Analysis: Ion-selective electrode 

 

 

 

 

Diet intake: (mg/kg bw/day) 

 

Bauru, Brazil = 0.04 ± 0.01 ↓ 

Brejo dos Santos = 0.06 ± 0.02 ↑ 

Lima, Peru = 0.05 ± 0.02 ↑ 

Pitajui, Brazil = 0.06 ± 0.01 ↑ 

 

AI = 0.05 mg/kg bw/day 

F area main contributor is water 

NF area main is solids 

 

Pessan et al. 

 

Bauru, 2003 (75) 

 

n= 21 

 

4-7 y 

F concentration = 0.6-0.8 ppm 

Group A = 4-5 y 

Group B = 6-7 y 

 

Dietary: 24-hr duplicate diet 

Clinical: Expectorated toothpaste 

Analysis: Ion-specific electrode  

Group B ingested more 

dentifrice than A 

 

Diet and dentifrice: (mg/day) 

A = 0.4037 ↓ 

B = 0.9503 ↓ 

 

AI = 1.1 mg/day 

 

Dentifrices contributed 2-fold greater 

than diet 
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Author 

Country, year 

Population 

group 

Study method Fluoride intake 

(mean ± standard deviation) 

 

Main fluoride sources 

 

Kim et al. 

 

Korea, 2015(69) 

 

n= 314 

 

5 y 

Median F Concentration for beverages = 0.12 ppm 

 

Dietary: Diet survey, FFQ, 24hr recall, measure F 

content in foods and beverages 

 

Mean F intake = 0.346 ± 0.037 

mg/day ↓ 

  

Boys: 0.394 ± 0.060 mg/day ↓ 

Girls: 0.298 ± 0.041mg/day ↓ 

 

AI = 1.1 mg/day  

 

Seaweed, vegetables 

Fish/shellfish, cereals 

 

 

 

 

 

 

Maguire et al. 

 

United Kingdom, 

2007(70) 

 

n= 33 

 

6-7 y 

Mean Fluoride concentration: 

 

Optimal F area = 0.82 ppm 

Suboptimal F area = 0.47 ppm 

Non-fluoridated area = 0.08 ppm 

 

Dietary: 3-day Diet record 

Clinical: Expectorated toothpaste 

Biochemical: 24hr Urine collection 

 

Diet and toothpaste intake:  

(mg/day) 

 

Optimal = 1.043 ± 0.220 ↓ 

Suboptimal = 0.883 ±1.011 ↓ 

NF = 0.736 ± 0.533 ↓ 

 

AI = 1.1 mg/day 

 

Food sourced: 

Optimal – 53% (main contributors are 

food and beverages prepared in water) 

Suboptimal – 65% 

NF – 43% (main contributors are 

bread and carbonated drinks) 

 

Toothpaste sourced: 

Optimal – 47% 

Suboptimal – 35% 

NF – 57%  

 

m = months, y = years 

F = fluoride/fluoridated, NF = non-fluoridated 

LFA, MFA, HFA = Low Fluoride Area, Moderate Fluoride Area, High Fluoride Area 

ppm = parts per million  

↓ = mean is below MoH Adequate Intake recommendation for selected age group  

↑ = mean is above MoH Adequate Intake recommendation for selected age group 
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 Assessment 

2.5.1 Dietary Assessment 

Common dietary assessments methods used to measure fluoride intake include diet records 

and duplicate diets. 

2.5.1.1 Diet Record 

 

A diet record is a popular method to collect information on an individual’s actual intake 

over a set period. This method relies on self-reporting dietary intake including a detailed 

list of all foods and beverages, time of consumption, amount and preparation methods of 

each food and beverage. Participants require training before completing the survey, and 

instructions to maintain a regular diet is often stressed to obtain an accurate representation 

of the habitual diet. To assess fluoride, water intake needs to be emphasized during the 

training to ensure water intake is documented throughout the set period. Compliance is a 

common limitation; diet records are prone to under or, occasionally, over reporting intake. 

Therefore, a comparison between reported energy intake to a corresponding Estimate 

Energy Requirements (EER) is often used as a criterion to identify under-reporting. 

Completing a diet record, particularly on more than one occasion, can be a burdensome 

task, thus it is beneficial for participants to have a certain level of motivation and numeracy 

and literacy skills beforehand (86). Ideally a diet record should take place over multiple 

non-consecutive days to adjust for daily variations (86). The data entry process is relatively 

time-consuming and therefore makes this a costly method to determine fluoride intake, 

however, the open-ended question design allows for a greater and more precise nutrient 

analysis for all macro and micronutrients (86). Due to limited fluoride values available in 

New Zealand, it is possible the data may be an underestimation, to overcome this barrier 
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international fluoride values could be used. Some studies have collected a sample of food 

and beverages reported in the diet record to measure the actual fluoride content (69). 

 

2.5.1.2 Duplicate Diet 

 

Numerous studies have used an adapted version of the duplicate diet method described by 

Chowdhury et al. (25), to measure actual fluoride intake in children (25, 34, 65, 71, 73). 

For this method, the parent or guardian is responsible for producing a duplicate portion of 

the food and drinks the child consumes, typically over a 24-hr period. The replicated 

portions are placed in a bucket, generally excluding inedible food parts such as bones, peels 

and stones. The bucket is then weighed, and the food content homogenised with a known 

volume of deionised water needed to rinse the bucket. The fluoride content of the 

homogenate is determined, after digestion, using a fluoride ion-specific electrode. A 

limitation of this method is the inability to distinguish the nutrient contribution from each 

food source. Although this method is burdensome, it is still important to avoid deviating 

from the usual diet and remain compliant to the instructions. The expense of producing the 

duplicate portion may tempt participants to alter their usual diet. Ideally, this method would 

be repeated for a more accurate average intake of nutrients, although minimal day to day 

variation is predicted in fluoride intake (87). 

2.5.2 Biochemical Assessment 

2.5.2.1 Toothpaste 

 
Recent studies have used a toothpaste analysis method as described by Maguire et al. (70). 

This method aims to collect information of the usual daily fluoride ingested from toothpaste, 

particularly in children. It is typically undertaken in a home environment to prevent any 
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alterations from the normal routine influenced by environmental factors. Participants 

would be asked to apply their usual amount of toothpaste onto a toothbrush, with the weight 

of the toothpaste measured and concentration of fluoride recorded. Some studies provide 

participants with a new toothbrush to ensure there are no remnants of toothpaste left from 

in the previous session. Participants are then instructed to brush their teeth and collect any 

spit in a container, adhering to their regular routine; consideration should be given to the 

possibility that children may spit multiple times. Additional water used to rinse the mouth 

or toothbrush is also collected, analysed, and subtracted from the total fluoride initially 

applied on the toothbrush. Fluoride is measured using a fluoride an ion-selective electrode. 

The fluoride ingested from the single brushing is then multiplied by the frequency of teeth 

brushing per day to calculate the mean daily intake.  

2.5.2.2 Urine 

 
Fluoride in the urine is used as a biomarker to estimate fluoride excretion and exposure, 

the greater the exposure should result in the greater the excretion and vice versa (32). It is 

relatively non-invasive, although parents and caregivers may be required to assist children 

with the collection process. To accurately gauge fluoride excreted in the urine, a 24-hr 

sample is advised as the concentration of fluoride fluctuates throughout the day based on 

the diet. Typically, the first void in the 24-hr period is not collected as the fluoride is likely 

to be carried through from the previous day, so instead, the first void the next morning is 

collected. The total void is weighed to calculate the amount of fluoride excreted and 

identify incomplete collections; it is not uncommon for a void to be missed. Additionally, 

completeness of the samples can be biochemically categorised by measuring creatinine, 

this would be beneficial to reconfirm the results (88, 89).  
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 Conclusion 

It is evident that fluoride, through its roles in preventing dental caries, plays an essential 

role to improve the quality of life worldwide. The main sources of fluoride intake in 

children are from water and toothpaste. However, some cultures such as the British, ingest 

an excess of fluoride from drinking tea. Many populations do not ingest enough fluoride; 

especially those who live in areas of low water fluoride. Additionally, those living in 

optimal water fluoride areas may still not reach their AI as they either do not drink enough 

water or use non-fluoridated toothpaste. Low intake of fluoride can increase the future risk 

of caries development in older children, adolescents and adults. Therefore, identification 

of fluoride intake is essential to develop strategies to decrease the associated risks; 

commonly used methods to measure fluoride intake includes diet records, duplicate diets 

and expectorated toothpaste samples in children 
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3. Objective Statement 

Most studies worldwide have focused on fluoride intake in children less than eight years 

of age, as this is when the permanent teeth form and is the most susceptible age group to 

develop dental fluorosis. However, dental caries remains a detrimental and costly disease 

that can occur over a life span. Currently, there are only two studies from New Zealand 

that has directly measured total fluoride intake, both assessed in the 1990s for infants (11 

– 13 months) and 3-4-year-old children (25, 65). There are no studies that have measured 

directly the fluoride intake of older children, adolescents or adults in New Zealand. It is 

important to evaluate the fluoride status of the older age groups as it is likely their intake 

status is below the cariostatic recommendation, particularly because toothpaste is expected 

to contribute a lesser amount to the total intake as a person ages.  

 

The aim of this study was to measure total fluoride intakes in 9 – 11-year-old New Zealand 

children living in the fluoridated and non-fluoridated regions of Dunedin and the Waitaki 

district, respectively.  

 

The objectives were to: 

1. Determine fluoride intakes contributed by diet and toothpaste 

2. Establish the adequacy of fluoride intake in the two regions using the Adequate 

Intake (AI).  
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4. Subjects and Methods 
 

 Study design:  

 

This is a cross-sectional study aimed to determine fluoride intakes of 9 – 11-year-old 

children living in regions with fluoridated (Dunedin) and non-fluoridated (Waitaki district) 

water supplies. This study uses the methods tested in a feasibility study measuring fluoride 

intakes in 9 – 10-year-old children conducted in 2017 (90, 91). Healthy children aged 9 – 

11 living in Dunedin or the Waitaki district were included in the study; siblings and 

participants that took part in the feasibility study were excluded. Ethical approval was 

obtained by the Human Ethics Committee of the University of Otago (HE17/001) 

(Appendix A). 

As shown in Figure 1, this study comprised a home visit, a 24-hr urine sample and a 

24-hr weighed diet record (WDR), followed by two options: ‘Repeat’ and ‘Duplicate diet’. 

The home visit included completion of a questionnaire (Appendix B) and a demonstration 

of usual tooth brushing (see Expectorated Toothpaste Section for more detail). For the 

‘Repeat’ option, participants were asked to complete a second 24-hr urine sample and 24-

hr WDR within one month of the first collection period. For the ‘Duplicate diet’ option, 

participants were asked to complete a duplicate diet during one of the 24-hr collection 

periods. The ‘Repeat’ and ‘Duplicate diet’ were not mandatory; participants were able to 

complete either one or both options.   
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D = Participants from the Dunedin District 
W = Participants from the Waitaki District 
 

Figure 1: Study Outline 

 

 

Dunedin: 
 

23 eligible primary 
schools 

 

14 invited (via 
randomized method) 

 

6 accepted 
+ 

3 participants belonging 

to 3 non-selected schools 
were recruited via 

newspaper and social 
media advertising 

 

48 participants recruited 

across 9 schools 

 

Waitaki: 
 

9 eligible primary 
schools 

 

9 invited 
 

5 accepted 
+ 

4 participants belonging 

to 3 non-selected schools 
were recruited via 

newspaper and social 
media advertising  

 

16 participants 

recruited across 8 
schools  

D = 48   W = 16 

D = 47   W = 14 

D = 29   W = 0 

D = 18   W = 0 
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 Recruitment  

 

Initially, this study aimed to recruit 100 participants through a selection of primary schools, 

50 children from an area with CWF and 50 children from an area without. The New 

Zealand school directory (92) was used to identify primary schools within Dunedin and the 

Waitaki District, excluding those with less than 85 pupils enrolled to optimise the reach for 

a larger audience. A total of 23 Dunedin and nine Waitaki schools were identified by this 

method.  The aim was to invite 15 schools from Dunedin, under the assumption five would 

decline and therefore recruiting five pupils from the remaining 10 schools was considered 

a realistic target for a starting point. In Dunedin, schools meeting the criteria were 

randomly selected by assigning each school a random number, using the RAND function 

on Microsoft Excel, and then ordering the 23 eligible schools according to their allocated 

random number (Appendix C). A sampling interval was then determined by dividing the 

cumulative school roll (6230 pupils) by the number of schools required (15 schools), 

generating an interval number of 415. In the ordered list of schools, every 415th pupil was 

identified in the cumulative school roll, and the corresponding school was selected, one 

school with a large school roll was selected twice (i.e. 10 children would be recruited from 

this school) resulting in a total of 14 Dunedin schools.  

The randomly selected Dunedin schools and all nine Waitaki schools were 

subsequently sent an emailed letter of invitation for the study (Appendix D) (92). Interested 

schools received information packages (Appendix E) and researchers spoke to year 5 and 

6 classes about the study at 10 of these schools. Newspaper and social media 

advertisements (Appendix F) were also utilised during the recruitment period. Interested 
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participants contacted the researchers through phone or email to arrange a visit at the 

participant’s home.  

 

 Data Collection: 

 

Data were collected between March – May 2018, starting with an initial home visit with 

the researchers, caregiver(s) and child. Prior to data collection the child and caregiver 

completed separate consent forms (Appendix G). Caregivers were also required to indicate 

the extent of the study the parent/child pair was prepared to complete (ie. repeat 24-hr urine 

and 24-hr diet record and/or duplicate diet). Samples were picked up by researchers on the 

week of completion, and the ‘Repeat’ subgroups were provided with a second set of 

equipment at the exchange of the first sample collection. Otherwise, all equipment was 

returned to the researchers once the participant had finished their sample collections. Each 

child who participated in the study received one movie voucher; children who completed 

the ‘Repeat’ received an additional movie voucher and those who completed a ‘Duplicate 

Diet’ received a $20 supermarket voucher.  

4.3.1 Questionnaire 

 

An online questionnaire was administered to the child verbally and as a printed copy 

(Appendix B), developed through SurveyMonkey® (93). The questionnaire obtained 

demographic information including age and ethnicity, dietary avoidance and 

supplementation details, and oral health practices (ie. frequency of teeth brushing). 

Caregivers assisted the child with answers, if needed.  
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4.3.2 Anthropometric Measurements 

 

The child’s weight was measured by the research team using an electronic scale (Seca 

electronic scale). The child was asked to remove heavy clothes and shoes and to stand in 

the centre of the scale, the scale was positioned on a hard, flat surface. The measurement 

was recorded to the nearest 100 g.  

4.3.3 Expectorated Toothpaste and Rinsed Toothpaste 

 

At the participant’s home, the child was asked to identify the toothbrush and toothpaste 

they would generally use when brushing their teeth. Children that did not regularly use 

fluoridated toothpaste did not complete this segment of the visit. Researchers instructed the 

child to follow their regular tooth brushing routine, which was verified by the caregiver. A 

set of scales (Sartorius type 1475 MP 8-2) were placed on a hard, flat surface and tared 

before the toothbrush was weighed. Readings on the scale was recorded to three decimal 

places to the nearest 1 mg. The child then placed their usual amount of toothpaste on the 

toothbrush and entirety was weighed again, the difference of the two measurements 

represented the usual weight of toothpaste used by the child.  Participants were then asked 

to brush their teeth and when required, they were to spit in the provided specimen container 

as many times as needed; if the child had missed the container, the process was repeated. 

When the child had finished, the toothbrush was rinsed in the second specimen container 

with pre-measured 50 mL of deionised water to wash off any remnants of toothpaste. The 

resulting solutions of expectorated toothpaste and deionised water with toothpaste was 

stored in at -20 oC until analysis.  
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4.3.4 Weighed Diet Record 

 

A 24-hr Weighed Diet Record (WDR) booklet developed by the Department of Human 

Nutrition (University of Otago) (Appendix H), and a set of dietary scales (Salter Electronic 

Model 2200; Victoria, Australia) were provided to the caregivers at their initial home visit. 

Caregivers were instructed in writing and verbally to record all food and drinks their child 

consumed over a set 24-hr period. Noting the brand, preparation and the method of cooking 

of the foods listed. Caregivers were instructed to avoid deviating from the child’s habitual 

diet. The importance of recording water consumption was emphasised. It was suggested 

that a filled drink bottle of water was weighed at the start of the day and when the bottle 

was emptied, noting the number of refills to calculate the total water consumed throughout 

the day. 

4.3.5 24-hr Urine Collection 

 

An instruction booklet (Appendix I), funnel, 2 L screwed-top plastic bottle and a bowl for 

female participants were provided at the home visit. Participants were asked to collect urine 

in the bottle over the same 24-hr period as the WDR. The first void of urine was discarded, 

but the urine voided over the remaining 24-hrs and the first void from the next morning 

were collected. Caregivers noted any missed voids and were asked to store the sample in a 

cool, shaded spot until samples could be picked up by the research team.  

Those completing a second sample collection for 24-hr Urine collection and 24-hr 

WDR were provided with a new set of equipment during the exchange of the collection for 

the first sample set. The second collection typically took place within 1 – 2 weeks.  
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4.3.6 Duplicate Diet 

 

Caregivers were provided with verbal and written instructions to complete the duplicate 

diet (Appendix I) and provided with a 2 L plastic bucket and lid. During the same 24-hr 

period as the WDR, caregivers were asked to place identical portions of their child’s food 

and drinks in the bucket. Leftovers from the child’s plate and inedible parts such as bones, 

fruits stones and skins were not included. The buckets were stored in a fridge until sample 

collection and processing.  

 

 Sample preparation and analysis: 

 

4.4.1 Data Preparation 

 

The questionnaire determined the demographic of the sample group. Ethnicity was 

categorised in the prioritised order as follows: Māori, Pacific Islander, New Zealand 

European and other ethnicities. This applies to participants who identify with more than 

one ethnic background, ethnic background is determined in the listed order. Due to a small 

sample group, Māori and Pacific Islanders, and New Zealand Europeans and others were 

grouped together. 

 

4.4.2 Dietary Analysis 

 

Each 24-hr WDR was entered into Kai-culator, a nutrient analysis database developed by 

the Department of Human Nutrition (University of Otago). The database consists of energy 

and nutrient profiles of food products derived from the New Zealand Food Composition 

database (Foodfiles 2016) (94). This database contains information for energy, 

macronutrients and most micronutrients but not fluoride. 
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  The fluoride content of foods was derived from two sources: the 2016 New Zealand 

Total Diet Survey (95) and a UK database (96). The NZ Total Diet Study provided the 

fluoride content of 75 foods and beverages and these were mapped into the database with 

the assumption that similar foods contained the same fluoride values (95). The UK database, 

granted permission (Appendix J), contains over 700 fluoride values entered in Kai-culator 

(94). Including information on the fluoride content of cooked foods prepared in areas with 

low (0.005 – 0.130 ppm) to high (0.790 – 0.990 ppm) water fluoride concentrations, which 

were used for foods prepared in the Waitaki District and Dunedin regions, respectively. In 

instances where there was a difference in fluoride contents between the NZTDS and the 

UK; the TDS values were used. Foods that had no fluoride content were assigned a value 

of 0.001 mg/100 g. Water fluoride concentrations of 0.75 ppm in Dunedin and 0.12 ppm 

in the Waitaki District were imputed into Kai-culator (95). 

Several assumptions were made throughout data entry for incomplete dietary 

records which are outlined in Appendix K. The homemade recipes were calculated by 

dividing the weight of the consumed portion with the total weight of the recipe. Ten WDRs 

were entered individually by both candidates to verify the quality of the results. The 

average of two WDRs was used for analysis where available.   

 

4.4.3 Sample Processing 

 

The duplicate diets and 24-hr urine samples were processed on the day following collection. 

Researchers weighed the duplicate diet buckets and urine samples, subtracting the pre-

measured weight of the original bucket and bottle respectively.  
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The duplicate diet content was homogenised in a Waring blender until smooth. Emptied 

buckets were rinsed with a known volume of deionised water and added to the blender to 

gather residues. A 50 g and 200 g sample were frozen at -20 oC for further analysis. Due 

to time constraints, the results of the analysis are not reported in this study.  

Two 10 mL aliquots of each urine sample were stored at -20 oC freezer until analysis. 

 

4.4.4 Biochemical Analysis   

 

The total urine volume was compared to the lower limits of 9 mL/hr for children >6-years 

old, samples below this reference were excluded from analysis (88). The average mean was 

calculated and used for the final analysis for those participants that completed a second 

sample.  

A control was created using deionised water and TISAB II buffer at a 1:1 ratio, then 

measured with a fluoride specific electrode (Thermo scientific). Five additions of pre-

purchased 5 ppm fluoride standard solution were added in 0.6 µL increments, recording 

the voltage at each addition to create a reference standard curve (Appendix L).  

For urine, one aliquot of each urine sample was defrosted for analysis. Urine was 

diluted in a 1:1 ratio of TISAB II buffer and analysed with the fluoride specific electrode. 

Five increments of 5 ppm fluoride standard in 0.6 µL increments were added to the solution 

and the voltage was recorded after each addition.   

The concentration of the fluoride was determined using the standard addition 

method as described above, the concentration was then multiplied by the total urine volume 

to generate the Daily Urinary Fluoride Excretion (DUFE). This figure was then used to 

calculate the Fractional Urinary Fluoride Excretion percentage (FUFE%) by DUFE/ Total 

fluoride intake *100.  
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A control for the toothpaste samples was done the same as the control for urine. Rinsed 

toothbrush samples were defrosted and analysed using the standard addition method to 

generate a log scale standard curve (95).  The rinsed toothpaste sample was diluted in a 1:1 

ratio with TISAB II buffer and analysed using a fluoride-specific electrode. A 5 ppm 

fluoride standard was added in five additions of 0.6 µL, recording the voltage after each 

addition.    

The expectorated toothpaste sample was diluted in a 1:4 or 1:20 ratio with deionised 

water and TISAB II buffer solution. The dilution factor was determined by the voltage 

reading, if higher than 50 mV the 1:4 ratio was used and if less than 50 mV, 1:20 was used. 

A 5 ppm fluoride standard was added in five additions of 0.6 µL, recording the voltage 

after each addition with a fluoride-specific electrode to generate a standard curve. The 

standard curves were used to calculate fluoride content that was not ingested. These values 

were subtracted from the total fluoride content of the toothpaste used during the home visit 

and multiplied by the frequency the participant brushed their teeth according to the online 

questionnaire. The final value gave the total daily fluoride intake from toothpaste. 

For both toothpaste and urine analysis, a new control solution was made and measured 

with the fluoride specific electrode at the beginning of each session on the day of analysis. 

Approximately every five samples were re-analysed to maintain quality control.  

4.4.5 Statistical Analysis 

 
All dietary, demographic, expectorated toothpaste and urinary data was exported to 

Microsoft Excel for statistical analysis. For participants who had repeat measures, the mean 

value used in the data set. To calculate the mean, the function “= AVERAGE” was used 
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and the appropriate cells were inputted into Microsoft Excel. The standard deviation for 

the means were calculated with the function “= STDEV”. P-values were calculated using 

a two-tailed unpaired t-test, with the function “=TTEST”. Individual AIs for the two 

regions were calculated by multiplying the AI of 0.05 mg/kg/day with the mean body 

weight of each sample population.   An analysis was done using the R2 function on 

Microsoft Excel to compare FUFE and age according to New Zealand and international 

studies (Appendix M). R2 was calculated using the graphing tool function on the software.   
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5. Results 
 

During the recruitment process, 11 primary schools accepted the invitation to take part in 

the study, six from Dunedin and five from the Waitaki District. A short presentation was 

given to the potential participants and ~ 600 information packages were distributed to those 

who showed further interest. Students from a further six schools were recruited via 

additional advertising including newspaper and social media. Overall, nine schools from 

Dunedin and eight schools from the Waitaki District agreed to take part. According to the 

New Zealand school directory (92), the average decile for schools in Dunedin was 8.4 and 

for the Waitaki District 6.2. Two home schooled participants were recruited from the 

Waitaki District, which meant a school decile rating was not allocated to these children.  

Sixty-four children participated in the study, with 75% from Dunedin and 

remainder from Waitaki. Overall, 49% were male. The majority (84%) of the participants 

identified as New Zealand European or Other Ethnicity (NZEO), with only 10 children 

(16%) identifying as Māori and/or Pacific Islander. The average weight was 36.4 ± 8.6 and 

37.0 ± 8.7 kg in children from Dunedin and the Waitaki District, respectively.  
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Table 4: Demographic Characteristics of Children a 

 Dunedin 

(n= 48) 

Waitaki District     

(n= 16) 

    

Mean age (years) 9.6 ± 0.7 9.8 ± 0.9 

Sex (%)   

      Female 56 38 

      Male  44 63 

   

Ethnicity (%)   

      NZEO  90 69 

      Māori/Pacific Island  10 31 

School decile 8.4 ± 1.0 6.2 ± 1.7 

Anthropometric weight (kg) 36.4 ± 8.6 37.0 ± 8.7 

a Mean ± Standard Deviation, unless reported otherwise. 

 

Of the 64 children that enrolled, one child from Dunedin and two children from the Waitaki 

District had incomplete 24-hr WDR and were excluded from the dietary analysis. Due to 

time constraints, all 29 participants in the repeat subgroup were from Dunedin. Duplicate 

diet samples were collected from 18 participants, however, the results of this aspect of the 

study will not be reported in this thesis.  

 

Expectorated toothpaste samples were only collected from participants using a fluoride-

containing toothpaste at the time of the home visit (n=57); 11% of children did not use 

fluoridated toothpaste. Participants that used non-fluoride-containing toothpaste were 

assumed to have contributed 0 mg/day of fluoride from toothpaste. The fluoride content of 

the toothpaste ranged from 1000 – 1450 ppm. The majority of participants reported routine  
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Table 5: Mean and Standard deviation of Energy, Water and Sugar Intake. 

 Dunedin (n= 47) Waitaki District (n= 14) NRV 

Energy (kJ/day)    

      Boys 7476 ± 1887 7613 ± 2763 7800-9900a 

      Girls 7155 ± 1873 9267 ± 4695 7300-9000a 

      Total 7299 ± 1866 8203 ± 3486 7300-9900a 

    

Water (mL/day)    

      Boys 1453 ± 476 1371 ± 403 2200 

      Girls 1305 ± 432 1173 ± 428 1900 

      Total 1371 ± 453 1371 ± 403 1900-2200 

    

Sugar g/day  

% of energy intake 

81 ± 37 

19 

106 ± 81 

22 

 

   10 

 

a. NRV reference for 9-11-year-old boys and girls, energy value assumed physical activity is within light to moderate, values 

equate to PAL = 1.6-1.8 (42)  

b. Atwater factor of 17 kJ/g was used to calculated % of sugar contributing to total energy intake, [sugar(g/day) x 17kJ/g] / 

Energy (kJ/day) (98)  

 

tooth brushing that occurred twice a day, 75% and 56% in the fluoridated and non-

fluoridated areas, respectively, with other participants reported to brushing once daily. 

 

The results of the diet analysis are shown in Table 5. Mean energy intake was 7299 kJ/day 

and 8203 kJ/day in Dunedin and the Waitaki District, respectively. Total water 

consumption from food and beverages was 1371 mL/day in both locations; the AI for water 

intake is 2200 and 1900 mL/day for boys and girls, respectively.  
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Table 6: Fluoride Intakes from Diet and Toothpaste. 

 Diet a Toothpaste Diet and 

Toothpaste a 

AI b 

Dunedin (n=48)     

  mg/day 0.730 ± 0.372  0.806 ± 0.837 1.546 ± 0.947 2.0 

  mg/kg/day 0.020 ± 0.010  0.022 ± 0.022 0.042 ± 0.025 0.05 

% AIc 41 44 85  

     

     

Waitaki District (n=16)     

   mg/day 0.293 ± 0.281 0.692 ± 0.845 1.040 ± 0.853 2.0 

   mg/kg/day 0.010 ± 0.01 0.020 ± 0.027 0.030 ± 0.029 0.05 

% AIc 19 39 60  

     

a Excluded participants with incomplete 24-hr WDRs, 1 from Dunedin, 2 from Waitaki. 
b AI of fluoride obtained from the MoH (42) 
c % AI is based on 2.0 mg/day 

  

Fluoride intake from the diet was significantly higher in Dunedin than the Waitaki District 

(P-value < 0.001) contributing 0.730 ± 0.372 and 0.293 ± 0.281 mg/day, respectively. 

Three participants (one from Dunedin and two from Waitaki) were excluded in the dietary 

analysis due to incomplete 24-hr WDR. Toothpaste contributed 44 and 39% of the child’s 

AI (2.0 mg/day) for fluoride in Dunedin and Waitaki, respectively, but this difference was 

not significant (P-value = 0.637).  

As shown in Table 6, the total intake of fluoride from the diet and toothpaste 

combined was 1.546 and 1.040 mg/day for Dunedin and the Waitaki District, respectively 

(P-value=0.078), below the AI of 2.0 mg/day. The total fluoride intake is only inclusive of 

children who had completed a 24-hr WDR (i.e. n=57), and those that used non-fluoridated 

toothpaste had 0 mg/day of fluoride from toothpaste. Diet alone contributed 47 and 28% to 

the total fluoride intake in Dunedin and the Waitaki district, respectively.  
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a
 R2 represents the line of variation, 1 being the least variation across the datasets, 

dataset found in Appendix M. 

  

 

 

Figure 2 demonstrates an inverse correlation between the proportion of toothpaste ingested 

compared to age in New Zealand (red) (25,65) and international studies (blue) (Appendix 

M) (101, 111-117) demonstrating that as children age, they ingest less toothpaste and 

consequently less fluoride. R2 represents the line of variation created by R2 function in 
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Figure 2: Proportion of Toothpaste Ingested in in Relation to Age, New Zealand and 

International Studies (Appendix M) (25, 63, 101,110-117). 

Red = New Zealand  

Blue = International  

• Results in this study 

 

Proportion of Toothpaste Ingested in Relation to Age, 
New Zealand and International Studies 
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Graphing Tool, using Microsoft Excel. It is used to define the level of variation found in 

the datasets, the closer to 1 the less the variation (99). 

 

Table 7: Urinary Excretion 

 Dunedin (n = 47) Waitaki District (n = 16) 

Mean urine volume (mL) 817.0 ± 346.0 667.6 ± 254.4 

DUFE   

   mg/d 0.55 ± 0.46 0.24 ± 0.15 

   mg/kg/d 0.015 ± 0.0011 0.006 ± 0.003 

FUFE % 42% 31% 

DUFE = Daily Urinary Fluoride Excretion 

FUFE = Fractional Urinary Fluoride Excretion 

 

The average volume of urine excreted in Dunedin children was 817.0 ± 346.0 mL/day, and 

667.6 ± 254.4 mL/day for children from the Waitaki District (Table 7). One Dunedin child 

was excluded from this section because they had an incomplete urine collection (i.e. < 

216mL in 24-hrs.) The Daily Urinary Fluoride Excretion (DUFE) is significantly different 

between the two regions, 0.55 ± 0.46 and 0.24 ± 0.15 mg/day in Dunedin and the Waitaki 

District respectively (P-value = 0.012). The Fractional Urinary Fluoride Excretion (FUFE) 

indicates the proportion of total fluoride excreted based on the total fluoride consumed. 

One outlier was excluded from the Waitaki district because their FUFE was reported as 

219% while a further three were excluded (one from Dunedin and two from Waitaki) 

because they had incomplete diet records which was necessary for the calculation. As 

shown in Table 7, this is 42 and 31% of the total fluoride intake in the two areas.  
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6. Discussion  
 

 

This study is the first of its kind in New Zealand to directly measure fluoride intakes in 9-

11-year-old children living in a fluoridated and non-fluoridated area in the lower South 

Island. The findings indicate that, regardless of whether children have access to CWF, 23% 

of the children had a fluoride intake above the AI of 2 mg/day; no child had a fluoride 

intake above the Upper Limit (UL) of 10 mg/day.  

 Dietary intake 

The mean fluoride intake from the diet of children living in the fluoridated region was over 

twice the amount of those living in the non-fluoridated region, 0.730 versus 0.293 mg/day, 

this was found to be within the lower and upper ranges of other international studies (25, 

66, 69, 71, 73, 80). The main differentiating factor between the two locations was the 

fluoride concentration of the municipal water supply: 0.75 ppm in Dunedin and 0.12 ppm 

in the Waitaki District. As recommended by the MoH, implementing CWF to increase 

water fluoride concentrations to 0.7 – 1.0 ppm in low fluoride areas can increase the dietary 

consumption of fluoride in this age group (42), demonstrating that CWF is an effective 

method to distribute fluoride. Fluoride can also be obtained from the consumption of 

manufactured goods produced in regions with higher water fluoride concentrations, 

described as the halo effect; the consumption of carbonated beverages is an example.  

Children from both areas consumed similar amounts of water from food and 

beverages at about 1370 mL/day. However, the AI for water is 2200 mL/day for boys and 

1900 mL/day for girls (42). It is of interest to note that if children living in Dunedin 

consumed 2200 mL or 1900 mL of water through foods and beverages, the daily dietary 

intake of fluoride for both boys and girls would have increased to 1.650 and 1.425 mg/day, 
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respectively. When combined with fluoride ingested from toothpaste, this would increase 

total fluoride intakes in boys and girls to 2.5 and 2.2 mg/day. This finding suggests that all 

district councils should consider utilising CWF to improve fluoride intakes in children. 

These results also suggest that the risk of adverse health is low if mandatory fluoridation 

was implemented throughout New Zealand.  

 Toothpaste: 

Fluoridated toothpaste was used by 89% of the sample population in this study, and the 

mean amount of toothpaste used in one session was 769 mg/day (794 and 695 mg/day in 

Dunedin and the Waitaki District, respectively). Previous research has reported that the 

amount of toothpaste used per brushing session by children ranged from 360 – 1000 

mg/day (100). Ingestion of toothpaste is common in younger children, although the amount 

ingested is also related to the quantity of toothpaste used (98). 

As children age, the proportion of toothpaste ingested is expected to decrease 

because swallowing reflexes become more developed; in adults, toothpaste contributes 

little to no fluoride intake (101). In previous New Zealand studies (Figure 2), children aged 

3 – 4 years were found to ingest 64% of the toothpaste during each toothbrushing session, 

children aged 7 – 8 years ingested 59%, and, in this study, children aged 9 – 11 years 

ingested 45% of the toothpaste used during brushing (65). International studies found 2 – 

5-year-old children used 0.622 ± 0.300 mg and 3 – 5-year-old used 0.370 ± 0.800 mg of 

toothpaste per brushing session (79, 102), in comparison to the 0.580 ± 0.290 mg of 

toothpaste used by 3 – 4-year-olds in New Zealand. Interestingly, New Zealand children 

applied a similar amount of toothpaste as their international counterparts, however, they 

ingested a much higher proportion, 64% and 48%, respectively, in 3 – 4-year-old children 
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(101). There could be two reasons for the high ingestion of toothpaste in New Zealand 

children. Firstly, due to the methodology used, this study, and previous New Zealand based 

studies did not collect water used to rinse the mouth at the end of the toothbrushing session 

unlike some other global studies. This would result in a higher calculated volume of 

toothpaste and fluoride ingested. Secondly, oral health professionals in New Zealand do 

not recommend rinsing of the mouth with water after toothbrushing, so it would be 

expected that a higher percentage of children would ingest toothpaste (104, 105). 

The frequency of which the child reportedly brushed their teeth influences total 

fluoride intake. Children who brushed their teeth twice daily, as is recommended, had 

ingested more than twice as much fluoride from toothpaste compared to those who only 

brushed their teeth once a day, 0.861 and 0.386 mg/day, respectively. The frequency a child 

brushes their teeth may be influenced by a number of different factors including the level 

of parental education and socioeconomic status.  In comparison to the amount of fluoride 

obtained from the diet, toothpaste was responsible for half of the total fluoride intake in 

Dunedin, emphasising that dentifrices are a major source of fluoride intake in younger 

children. However, as children aged, the quantity of fluoride derived from dentifrice 

ingestion will decline which may affect fluoride intake.  

 Total fluoride intake 

Overall, the mean fluoride intake from the diet and toothpaste in areas with and without 

CWF was 1.546 and 1.040 mg/day, respectively. As the observed value is below the AI, it 

is not possible to determine the adequacy of fluoride intakes of children in this study.  

The AI for fluoride is expressed as mg/day (i.e. 2 mg/day) or as mg/per kg of body 

weight/day (i.e. 0.05 mg/kg bw/day), assuming a reference weight for children aged 9 – 13 
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year of 28.6 – 45.8 kg. The average weight of Dunedin and Waitaki children (i.e 36.6 and 

37.0 kg) in this study was higher than the reference weights. Using the recommendation of 

0.05 mg of fluoride/kg bw/day and the actual body weights of children in this study, 

resulting in a total daily fluoride intake of 1.83 and 1.85 mg/day, respectively. 

The range of fluoride intakes in this study varied widely, from 0.185 to 3.704 mg/day. 

The children with very low intakes typically used non-fluoridated toothpaste. Of interest is 

that none of the children had a fluoride intake close to the UL of 10 mg/day, suggesting 

that this age group is at minimal risk of developing skeletal fluorosis. In addition, due to 

the age of the sample population (>8 years) and the stage of teeth development, this group 

generally has a low risk of developing dental fluorosis (106).   

 Urine 

The average 24-hr urinary fluoride excretion in Dunedin was 0.55 mg/day and 0.24 mg/day 

in Waitaki district, this accounts for 42% and 31% of ingested fluoride, respectively. As 

shown in Figure 2, the results in this study demonstrated a similar trend as international 

studies, that higher fluoride intake or exposure led to higher fluoride excretion. In the 

literature, the percentage of fluoride excreted by children ranged from 36-85% (17, 32, 34). 

Fluoride excretion is proportional to age; as a child gets older they excrete more fluoride. 

This is most likely due to the higher need for fluoride during growth and development, 

although regulation of fluoride by the body does appear to be poor and variable (35). The 

amount of fluoride excreted in urine reflects exposure; children from Dunedin had twice 

the intake of fluoride and excreted twice the amount in urine.  

Although this study did exclude a participant who provided an incomplete 24-hr 

urine collection sample (i.e. well below the expected excretion of 9 mL/hr of urine), the 
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study did not measure creatinine to measure 24-hr urine completeness, which may have led 

to the exclusion of more participants. 

 Generalisability of the Results 

The study was comprised of 64 apparently healthy children aged 9 – 11 years, excluding 

siblings living in the same household. By excluding siblings, the study is capturing a higher 

representation of the actual population as children living in the same households tend to 

share similar routines, such as diet. Ten children self-identified as Māori and/or Pacific 

Islander, which accounted for 16% of the sample population. This is higher than the 10.9% 

of Māori /Pacific Islanders in the South Island recorded in the 2013 New Zealand Census 

but below the national proportion of 22% (107, 108). Māori and Pacific Islanders have a 

higher prevalence of dental caries, which may be the result of many factors including 

socioeconomic status, dietary choices, and less exposure to fluoride (6). This study may 

have underestimated total fluoride intakes for those living in the South Island, due to the 

overrepresentation of the Māori /Pacific Island children. 

 The main limitation of this study is the small sample size, in particular children 

from the non-fluoridated area, therefore the results of this study are not likely to be 

representative of all New Zealand children between ages 9 – 11 years. Conversely, bias is 

also highly likely in a study this size; the schools and participants that were willing to take 

part may have better diets and oral health practices, reflected in higher fluoride intakes. 

 The participants of this study reportedly consumed twice the recommended intake 

of sugar, which was equivalent to ~20% of the total energy intake (6). WHO predicts that 

the increasing intake of sugars in western countries will lead to a higher prevalence of 

dental caries, particularly within low-income groups (39, 40, 108). School decile was used 
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to measure the level of deprivation of the participants in this study, with a decile 5 being 

the average national score. In this study, the mean decile rating of schools was, 8.4 and 6.4 

in the fluoridated and non-fluoridated regions, respectively, suggesting that both areas were 

less deprived than the average New Zealand population.  It is possible that the consumption 

of sugars in this sample of children is lower than that consumed nationally (109), further 

emphasising the need to improve the proportion of regions in New Zealand with CWF (6).  

 

 Future directives 

 

The duplicate diet technique has the benefit of directly analysing the nutrient or element in 

food; it could be considered the gold standard. Due to time constraints, duplicate diets were 

not analysed as part of this thesis; the purpose of collecting duplicate diets was to validate 

the results from the 24-hr WDRs and more importantly, the food composition database. As 

duplicate diets are a relatively burdensome task for participants and the researcher (86, 87), 

this method can be replaced by 24-hr WDR if there are strong resemblance found between 

the results from the duplicate diets and 24-hr WDR.   

The 24-hr urine collection was relatively uncomfortable and troubling for the 

younger participants in this study. This study, along with others, have reported highly 

variable percentages of daily fluoride excretion in children (34, 99). Urinary fluoride 

excretion is useful in monitoring fluoride exposure over time, particularly high fluoride 

exposure, so will provide a good baseline value for future studies in New Zealand.  

 There was no statistically significant difference in the total fluoride intake between 

the two sample groups, likely to be the result of the large variability in intakes and the 

relatively small sample size. Alterations to the recruitment process such as using a platform 
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that does not involves schools might attract children from a wider range of socio-

demographic characteristics. An increase in the amount of reimbursement might have 

increased the number of children that took part also. In future, excluding siblings may not 

be necessary, particularly those of a different age. 

Unlike other studies (97), a prepared toothbrush was not supplied to the participants 

which could potentially result in an underestimated amount of fluoride initially applied on 

the toothbrush. For future studies, it may be beneficial to invest in new toothbrushes to 

ensure all toothbrushes are clean and dry before use. However, this may influence a child’s 

routine, particularly because some children used electronic toothbrushes.  

As discussed, dietary intake alone is unlikely to offer an adequate intake of fluoride 

to reduce the risk of caries. To further expand this field of study, stratified data on fluoride 

consumption would be beneficial to develop an understanding of fluoride’s role in dental 

caries; there are no data currently available in older age groups.  

 Conclusion 
 
This research aimed to compare the total fluoride intake of children aged 9 – 11 years living 

in the Dunedin or the Waitaki District in New Zealand. The results showed that, as a group, 

children living in either area were not meeting the AI of fluoride. Because the AI is an 

estimated value, the study cannot claim children are consuming insufficient amounts of 

fluoride for the optimal level of caries resistance. However, it does suggest the need for 

districts across New Zealand to re-evaluate the implementation of CWF and the use of 

dentifrices for the population to meet the AI.  This age group relies heavily on dentifrices 

to provide fluoride. Unfortunately, dentifrices are not a sustainable fluoride delivery 

vehicle, as swallowing reflexes mature it is expected that there will be less fluoride 
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ingestion from dentifrices. Therefore, there is a need for further investigation on how to 

increase fluoride intakes in children. In the meantime, children following the MoH’s 

toothbrushing recommendations and are exposed to CWF are at lower risk of developing 

fluoride related adverse health effects.  
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7. Application to Practice 
 

Part A: 

Controversy around negative health effects caused by fluoride express concern about the 

level of exposure to fluoride, in food but more particularly, in water. The present study has 

recognised a need for further investigation in fluoride intakes for all age groups, 

particularly older children, adolescents and adults. With further research, policy makers 

should be better able to implement evidence-based initiatives that would allow for optimal 

prevention of dental caries without adverse health effects. A dietitian would be a key player 

in a multidisciplinary team and able to provide diet-focussed education to decision makers 

and the public, particularly for lower socioeconomic areas. This could include providing 

information on the benefits of CWF, particularly its affect in adding fluoride throughout 

the food preparation process and overall increase dietary fluoride intake. Dietitians are also 

able to support healthy eating practices in line with dentists, such as reducing sugar intake, 

using fluoride toothpaste and not rinsing the mouth after brushing teeth as these all 

contribute to the total intake of fluoride.  

The results of this research highlight that more fluoride is consumed in children 

who brush twice daily with a fluoride toothpaste. Clearly, enforcing recommended 

guidelines and recommendations can increase fluoride intake. In conjunction with 

following oral health guidelines, high sugar intake is associated with the development of 

caries. The metabolism of sugar in the oral cavity leads to a decrease in pH and therefore 

demineralisation, and prolonged exposure results in cavitation or caries. This study found 

the children were consuming twice the recommended amount of sugar, and although this 

is common for a developed country such as New Zealand, sugar intake has a detrimental 
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impact on the overall well-being. The role of a dietitian involves providing healthy eating 

education to the public, particularly to limit sugar intake to decrease the prevalence of 

dental caries as well as non-communicable diseases such as obesity.  

 

Part B: 

Throughout my research journey, I was challenged to demonstrate effective 

communication skills between staff members, children and parents. Communication has 

always played an underappreciated role in our society, whether to pass knowledge down 

generations or to express emotions from behind a computer screen. It is an unavoidable 

aspect of civilisation. In the 20 weeks conducting my project, I was provided the 

opportunity to develop my communication skills in unfamiliar environments with people 

from all walks of life. This opportunity has allowed me to mindfully appreciate the skills 

required to implement various methods used to deliver, receive and interpret a message. 

During the home visit aspect of the study, I was involved in delivering instructions verbally 

and in writing to acknowledge communication can be delivered and interpreted differently, 

clear communication would allow for more accurate data. The concept of communication 

encompasses a range of skills such as active listening, body language and professionalism. 

Within the research team, communication enabled a multidisciplinary approach to the 

study with each advisor playing their role. Strong communication is crucial between 

healthcare professionals and patients to deliver quality healthcare services. In future, I aim 

to mindfully apply effective communication skills by recognising the autonomy involved. 

Communication methods needs to be catered so that a patient is able to fully comprehend 

the information, hence improve the quality of care.  
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Appendix K: Assumptions 
 

   

Diet record food Kai-culator entry Weights: 

Aioli Dressing,mayonnaise,commercial   

Almond milk soy milk   

Apricot oaty slice bar Muesli bar,apricot   

Bacon Bacon,middle,grilled/dry fried,fat not trimed   

Bagel Mcdonalds,bacon,egg & cheese bagel   

Biscuit biscuit, shortbread,retail 1 biscuit 

Burger rings Potato crisps,barbecue   

Butter butter, salted   

Cake cake plain buttercake   

Capsicum green   

Caramel hot Chocolate hot Chocolate   

Caramilk Chocolate, plain   

Chai latte milk flavoured, ready to drink, reduced fat   

Charlie orange and 

mango 
fresh up orange and mango 

  

Cheese cheese, colby, mainland   

Cheese bun Bread roll,white,supermarket fresh   

Cheese cake Cheesecake,bought,ready-to-eat,plain &   

Cherrios - 4 whoegrain 

breakfast cereal, mixed grains extruded, ready to eat, 

nutrigrain, kellogg's, fortified vitamin B1, B2, B3, B6, 

C &f   

Chex 

Breakfast cereal, rice, puffed, cocoa coated, ready to 

eat, Coco Pops, Kellogg's, fortified vitamins B1, B2, 

B3, C & fol   

Chicken burger (take out) 

Hamburger,kfc,original (incl zinger) (chicken,lettuce 

mayonnaise)   

Chicken chips (Inghams) 

Chicken,patty/finger/stick,crumbed (default ANS08 

fat)   

Chicken in recipe section chicken, flesh, raw   

Chicken in recipe cooked   

Chicken stock powder soup chicken dried   

Chips  potato crisps  1 serve 

Chocolate cadbury top 

deck 
Chocolate cadbury, dairy milk 

  

Chocolate cake cake, Chocolate, baked, iced with butter icing   

Chocolate chip cookie 

Biscuit, Chocolate chip, ready to eat, Chocolate chip, 

cookie time   

Chocolate icing    1 cup 

Chocolate pebbles Chocolate bar, plain   

Chocolate pizza Cheesecake,homemade,Chocolate flavour   
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Chocolate scotch finger 

biscuit, dark Chocolate, ready to eat, arnotts and 

wheaten, griffins, composite   

Chocolate, crunchie mini 

eggs Chocolate,cadbury dairy milk   

Coke and raspberry fizzy 

subway soft drink, coca-cola 
339g 

Cookie dough ice cream hokey pokey ice cream   

Cornflakes and milk 

200g 

Breakfast cereal, cornflakes toasted, ready to eat, 

Skippy Cornflakes, Sanitarium, fortified vitamins B1, 

B2, B3 & folat 

conflakes (30g) + milk 

(170g) 

Couplands bread (grain 

and honey) 
Bread, mixed grains, sliced, as purchase 

  

Crumpet english muffin   

Cupcake with 

buttercream 
cake, cupcake, plain, iced topping 

  

Egg egg, whole, raw   

Egg    size 6 

falafel Dals,chickpeas,vegetables added   

Feijoa feijoas, combined cultivars, flesh, fresh   

Feijoa and apple juice Juice concentrate,apple & mango,fresh up   

Fruit stick, pumpkin, 

apple and peach Fruit leather,apricot   

Fruit sticks fruit bar, strawberry   

Ginger beer ginger ale   

Ginger beer lemonade   

Girl guide biscuits biscuits, arrowroot   

Havarti cream cheese   

hot chips    100g 

Hot cross bun bread roll, white, fresh, supermarket, south island   

Hot dog 
sausage roll, party size, baked  

61g x 2 - party 5cm 

size 

Hummus Hummus,original,6.5% fat,commercial   

Ice cream ice cream, vanilla standard   

Kettlecorn popcorn, 

slated and buttered 
Popcorn,buttered,salted,commercial 

  

L&P soft drink, lemonade   

Lamb curry Curry,lamb,cream based sauce   

LCM bar Rice bar,rice bubbles treats   

Lettuce   8g = 1 medium leaf 

Lift soft drink, lemonade   

Lolly/marshmellow, 

rainbow confectionery lolly jelly/gum, plain   

Macdonalds frozen peach 

drink 
Slushy,frozen soft drink (eg,coke,lemonade) 
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Mi goreng noodle indo 

mie 
noodles, instant (2 minute), regular, boiled, drained 

  

Mince beef, mince, premium, raw   

mixed herbs parsley, dried   

nutino nutella   

oats: prepared with water 

and milk (no amounts for 

liquid) 

Dried oats, water and milk  oats (35g) + milk (35g) 

+ water (35g) 

Onion 1 medium onion 68g 

onion soup onion powder   

oreo cookie Biscuit, Chocolate chip fudge, as purchas   

oreo cookie Biscuit, milk Chocolate wheaten, Griffin's   

oreo egg marshmello egg   

Peckish brown rice thins Rice cracker,plain,composite   

Pepper pepper, black   

Pineapple (dole) pineapple, canned, with syrup   

pita pocket, countdown Bread, pita, white, composite   

pizza hut, shrimp Pizza,hells,gourmet range,underworld (smo   

ploughmans vogel   

pom poms (deep fried 

potato balls) chips deep fried   

pork bun steamed Steamed bun,meat   

potato and rice cheese 

stick Cheese and grain snack   

potato, potato combined cultivar, flesh and skin, raw   

pudding - berries, sugar, 

ice cream 115g 

Topping, real fruit-based, sweetned, sugar (43g, 

mcdonald sundae topping) icecream, vanilla standard 

(70g)   

raspberry tart, pams Pie,sweet,homemade,top and bottom cru   

ricies rice bubbles, kellogs   

risotto rice white rice (Dunedin) from E28  700g cooked 

risotto rice recipe serves 

5 

assumed participant had 1 potion as no given portion 

amount   

Rolled oat oats, rolled, raw, australia   

salad green, salad   

Salt salt, iodised,table   

salted beef 

beef, corned silverside, shaved and sliced, deli as 

purchased   

Sauce sauce, tomato   

shapes BBQ cracker Cracker,snax,griffins   

smoothie, very berry Smoothie,berry fruit,fortified   

smoothies, peach, 

apricot, simply squeezed 
Yoghurt smoothie, assorted fruits, sweetener 

  

Sparkling lemon soft drink, lemonade   
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Subway double choc chip 

cookie 

Biscuit, milk Chocolate, ready to eat, double 

Chocolate, cookies, ernest adams 
37g 

Subway sandwhich 

(6inch) ham, cheese, 

tomato, bbq sauce 

subway, sandwich, white bread, ham, salad and veges 

(eg tomato, cucumber etc), cheese slice 

204g 

Sugar sugar, white   

sunflower and linseed 

bread no amount   2 slices - sandwich 

sushi rice white rice (Dunedin) from E28   

Tea tea beverage, black, brewed, composite   

Tip top Chocolate fudge 

sundae 
Ice cream, standard, Chocolate ripple 

  

tip top oatalicous bread Bread, mixed grains, sliced, as purchase   

tropical happy bely juice Juice,tropical with apple base   

Uni yoghurt Yoghurt,fresh and fruity,regular   

yoghurt, fresh and fruity, 

dreamy lemon 
Yoghurt,fresh and fruity,regular 
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Appendix L: Urine and Toothpaste Analysis Method 
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Appendix M: Global Literature Measuring Proportion of Toothpaste Ingested. 
 

STUDY  AGE 

(YEARS) 

SAMPLE 

SIZE 

FLUORIDE 

INGESTED 

FROM 

TOOTHPASTE 

(%) 

SALAMA ET AL., 

1989 (111) 

3 to 10 19 36 

SIMARD ET AL., 1989 
(112) 

2 to 3 5 59.4 

 
4 9 48.1 

 
5 9 34 

NACCACHE ET AL., 

1990 (113) 

3 to 5 48 31.3 - 40.0 

NACCACHE ET AL., 

1992 (114) 

4 81 49 

 
5 77 42 

VILLA ET AL., 2000 
(101) 

3 to 5 20 32.1 t 55.1 

SIEW TAN AND 

RAZAK, 2005 (115) 

4 to 5 NA 32.9 

DE ALMEDIA ET AL., 

2007 (115) 

1 to 3 33 77.6 

ZOOHOORI ET AL., 

2012 (117) 

4 20 45 

 
5 22 43 

 
6 19 36 

 

 

 


