
This article was downloaded by: [Wageningen UR Library]
On: 21 October 2013, At: 09:02
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Toxicological & Environmental
Chemistry
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gtec20

Daily dietary fluoride intake in rural
villages of the Ethiopian Rift Valley
Meseret Dessalegnea & Feleke Zewgea

a Department of Chemistry, Addis Ababa University, Addis Ababa,
Ethiopia
Published online: 27 Aug 2013.

To cite this article: Meseret Dessalegne & Feleke Zewge , Toxicological & Environmental Chemistry
(2013): Daily dietary fluoride intake in rural villages of the Ethiopian Rift Valley, Toxicological &
Environmental Chemistry, DOI: 10.1080/02772248.2013.827685

To link to this article:  http://dx.doi.org/10.1080/02772248.2013.827685

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/gtec20
http://dx.doi.org/10.1080/02772248.2013.827685
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Daily dietary fluoride intake in rural villages of the Ethiopian Rift

Valley

Meseret Dessalegne and Feleke Zewge*

Department of Chemistry, Addis Ababa University, Addis Ababa, Ethiopia

(Received 16 December 2012; final version received 14 July 2013)

Dental and skeletal fluorosis is widespread in the Ethiopian Rift Valley region.
Drinking water has been considered the main reason for the development of fluorosis,
but dietary intake may also be a contributor in areas with high concentration of
fluoride in water, soil, and biota. The purpose of this study is to assess the total daily
dietary fluoride intake by adults in a rural part of the Ethiopian Rift Valley. The food,
beverage, and water samples were collected from selected households of three
neighboring villages with similar dietary pattern, but with different fluoride content in
their water sources. Village A uses water with 1.0 mg L�1 fluoride, village B uses
water with 3.0 mg L�1 fluoride, and village C uses water with 11.5 mg L�1 fluoride
both for food preparation and for drinking. The level of fluoride was determined in
all food ingredients, in the prepared food, beverages, and in the water used for food
preparation and drinking. Recipe and food frequency questionnaires were used to
gather household food preparation and consumption patterns. An alkali fusion method
was used for digestion of food samples and for subsequent determination of fluoride
with ion-selective electrode. The daily fluoride intake varied depending on its
concentration in the water used for cooking and drinking. In households using water
with 1 mg L�1, 3 mg L�1, and 11.5 mg L�1 fluoride, the total personal intake was
found to be 10.5, 16.6, and 35.3 mg d�1, respectively. Contribution of the water to the
daily fluoride intake was 33%, 58%, and 86%, respectively. Even in households using
water containing fluoride at a concentration of 1 mg L�1, the daily intake was higher
than the recommended safe intake of 1.5–4.0 mg d�1 for adults, which indicates that
the fluoride intake through food may cause health risks. Minimizing the fluoride con-
centration in water to the lowest possible level will greatly reduce the daily intake.
The form of fluorine (organic or inorganic) in the food items and the associated health
risk factors need further investigation.

Keywords: fluoride; daily intake; health risks; Ethiopia

Introduction

Fluoride is regarded as an essential element, primarily because of its benefits to dental

health and its suggested role in maintaining the integrity of bone. To a certain extent, fluo-

ride ingestion is useful for bone and teeth development, but excessive ingestion causes a

disease known as fluorosis. As for several of the essential elements, there is a suggested

range of safe and adequate intake. The guideline for drinking water recommends only

1.5 mg L�1 as a safe limit of fluoride in drinking water for human consumption assuming

2 L d�1 water consumption (WHO 1993). According to National Research Council (NRC

1989), the recommended total daily intake from various sources is in the range of

1.5–4.0 mg d�1 for adults and less for children.
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In Ethiopia, fluoride contamination in groundwater has drawn the attention of the sci-

entific community. Most of the studies, however, have so far focused on the investigation

of the distribution and concentration of fluoride in groundwater, and severity of the prob-

lems to human health, particularly dental conditions. For example, Tekle Haimanot et al.

(2006) studied the geographic distribution of fluoride in surface and groundwater in

Ethiopia with a focus on the Rift Valley; Birkeland et al. (2005) assessed the severity of

dental caries among children with different fluoride exposure. Other studies tackling simi-

lar issues include Wondwossen et al. (2004, 2006), Reimann et al. (2003), Chernet, Travi,

and Valles (2001), and Kloos and Tekle Haimanot (1999).

Fluoride poisoning and the biological response leading to ill effects depend on the

concentration of fluoride in drinking water and food; low calcium and high alkalinity of

drinking water, age of the individual, and duration of intake may aggravate the disease.

According to the studies carried out on fluoride and fluorosis in Ethiopia, a significant

portion of the population of the Rift Valley region is exposed to high fluoride and likely

to develop various forms of fluorosis. The Afar, Oromia, and Southern Nations Nationali-

ties Peoples Region regional states are areas with high fluoride concentration in ground-

water. The population estimated to live in the high-fluoride areas is about 14 million.

The fluoride research in the past decades suggests that fluoride concentrations in water

below 1 mg L�1 are beneficial in the prevention of dental caries or tooth decay, but above

1.5 mg L�1 increase the severity of the incurable chronic disease “fluorosis”. The optimal

level of fluoride intake is not known with certainty. A level of 0.05–0.07 mg kg�1 is often

thought of as “optimal” dietary fluoride intake in children; however, even lower levels of

intake have been associated with dental fluorosis (Levy 1994). It cannot be assumed that

because a person resides in a locality where excess fluoride is not present in drinking

water, he or she is receiving low levels of fluoride as humans are exposed to fluoride from

other sources or from water at locations other than home (e.g. childcare centers, schools,

workplaces) (Levy et al. 1998, 2000).

Kloos and Tekle Haimanot (1999) reported that water is epidemiologically the most

important source of fluoride (75–90% of daily intake) in most areas. Others indicate that

considerable exposure risk is also associated with the consumption of fish bones, canned

meat, vegetables, grains and other staples, local salt, drinks (especially tea), and air

(WHO 1984; Smet 1990; Van Palenstein et al. 1995; Malde et al. 1997). In some African

and Asian communities, intake of fluoride from food has been found to be higher than

from water (Malde et al. 1997).

Virtually all foodstuffs and beverages including water contain at least trace amounts

of fluoride (WHO 2002). Fluoride enters in human food-and-beverage chain in increasing

amounts through the consumption of tea, wheat, spinach, cabbage, carrots, and other food

items (Susheela 2003; Lakdawala and Punekar 1973).

Tea plants accumulate and store fluoride, absorbing it selectively from the air and soil

(Cao et al. 2003; Zerabruk, Chandravanshi, and Zewge 2010). Tea plants are found

having high fluoride uptake and 97% of it gets accumulated in leaves (Shu et al. 2003;

Zerabruk, Chandravanshi, and Zewge 2010). The fluoride content of tea leaves is about

1000 times the soluble fluoride content of soil and 2–7 times the total fluoride content in

soil (Fung, Zhang, and Wong 1999). Some studies showed that instant tea in distilled water

has a fluoride concentration of 3.3 mg L�1 (Michael et al. 2005). This can be a causative

factor of dental fluorosis (Cao et al. 1997; Cao, Zhao, and Liu 2000; Cao et al. 2003). Fur-

thermore, brick tea prepared in China, which is fermented and then compressed into bricks,

has a fluoride content of 590–780 mg kg�1 (Sha and Zheng 1994). High fluoride-containing

toothpastes are also a major source of fluoride intake (Levy et al. 2000).
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Levels of daily exposure to fluoride depend mainly on the geographical area. In The

Netherlands, the total daily intake was calculated to be 1.4–6.0 mg of fluoride (Slooff

1988). Food seems to be the source of 80–85% of fluoride intake; intake from drinking

water is 0.03–0.68 mg d�1 and from toothpaste 0.2–0.3 mg d�1. For children, total intake

via food and water is decreased because of lower consumption. Intake of food and water

relative to the body weight is higher and can be further increased by the swallowing of

toothpaste or fluoride tablets (Slooff 1988).

In Ethiopia, very few studies conducted on fluoride intake of children (6–59 months)

from water and beverages indicated that fluoride intake is far above the maximum permis-

sible level (Malde et al. 2003). To strengthen the mitigation and prevention of fluorosis, it

is important to understand the level of fluoride from other sources than water, exposure

level on specific age groups, potential health and economic impacts, dietary pattern, and

nutritional status of the endemic communities.

The purpose of this study was to estimate the average daily fluoride intake of adult

person based on most commonly consumed food and beverages including drinking water

in selected villages in the Ethiopian Rift Valley. The contribution of food ingredients and

water used for cooking to the fluoride concentration of prepared food and beverages was

estimated in selected households of Dugda woreda.

Materials and methods

Sampling sites

Three sampling sites were selected based on the source of water they use for cooking and

drinking purposes. These include three households using defluoridated water from commu-

nity defluoridation (village A), three households using untreated water (village B), and three

households using untreated water from a wind mill (village C). The geographical locations

of the water points of villages A and B is N 080 05.7620 E 0380 44.7360 and that of village

C is N 080 04.9090 E 0380 45.1340. The villages are found in Dugda woreda, East Shewa

zone of Oromia regional state where the observed risk of fluorosis is extremely high.

Food and beverage samples

Most commonly consumed food and beverage items in the area were selected based on

food frequency questionnaires. Then the food ingredients and the water used for cooking

were separately sampled and analyzed. This was used to calculate the contribution of

each ingredient to the fluoride content of prepared foods. Six food items, namely enjera,

homemade bread (kitta), kale stew, potato stew, shiro stew, fish stew, and beverages

including tea, coffee, and the water used for drinking and cooking were selected. The

selection of the foods and beverages considered the most consumed items as well as those

which may be consumed rarely but expected to contribute high fluoride.

In addition, food ingredients used for the preparation of the selected food and bever-

ages were collected. These include cereals, vegetables, legume powder (locally named

shiro), spices, raw fish, coffee powder, tea leaves, sugar, and salt.

Sampling procedure

The selected nine households were interviewed for their willingness to respond to ques-

tionnaires and to conduct the sampling procedures for five consecutive days. All the nine
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households were willing and a brief orientation on preparation of food was given to

women who cook and be available during all the five days of sampling.

The samples of each food ingredient and cooking water were placed in plastic bags

and plastic bottles labeled with identification number, date, and type of the sample. After

taking the samples, the weight of each ingredient including the cooking water was mea-

sured and recorded on recipe questionnaires. After the food was prepared, the weight was

measured and recorded. 50–100 g sample of the prepared food was taken after the weight

was measured into polyethylene plastic sample bottles. All the ingredients, prepared food

and beverages were kept under a deep freezer until analysis.

Sample preparation

Homogenized samples of 0.5 g and 1 g depending on the expected fluoride content were

measured directly into 40-mL nickel crucibles (Baoji Xinnuo New Metal Materials Co.

Ltd., Shaanxi, China). The samples were covered with 5 mL of 8 mol L�1 sodium hydrox-

ide solution (extra pure, Scharlau Chemie S.A., Sentmenat, Spain). The sample and sodium

hydroxide solution were slowly shaked to make the mixture as homogenous as possible.

The crucibles were placed on a hot plate for evaporation to dryness, covered and intro-

duced into a muffle furnace for combustion. The temperature was set at 200 �C for

approximately 16 h in an oven and was increased to 525 �C for 3 h in the muffle furnace.

The crucibles were then cooled to room temperature and 10–15 mL deionized water was

added to the crucibles and kept on a hot plate in order to aid the dissolution of the fusion

cake. After 2 h, the sample solutions were transferred to 50-mL plastic beakers (Biologix

Plastics Co. Ltd., Jiangsu, China).

The sample solutions were neutralized using concentrated and then diluted hydro-

chloric acid. Concentrated hydrochloric acid (37%, Sigma-Aldrich Chemie, Steinheim,

Germany) was added dropwise until the pH decreased from 12.0–13.0 to 8.0–8.5 then to

pH of 7.2–7.5 by adding dilute hydrochloric acid. The sample solutions were then diluted

to 50 mL with deionized water (Malde, Bjorvatn, and Julshamn 2001).

Fluoride measurement

A pH/ion-selective electrode meter (model EA940, Orion, Beverly, MA, USA) equipped

with a combination fluoride-selective electrode (model 96-09, Orion) was employed for

the determination of fluoride in the samples and standard solutions. The pH was measured

with a pH/ion meter (HI 9025, Hanna Instruments, Selangor, Malaysia) using a pH glass

electrode.

The reagents used in the analysis were all of analytical grade. Fluoride stock was pre-

pared from anhydrous sodium fluoride (99.0%, BDH Chemicals, Poole, Dorset, England)

and standard solutions of the required concentration were prepared by appropriate dilu-

tion from the fluoride stock solution with deionized water. Glacial acetic acid (Techno

Pharmchem, New Delhi, India), sodium chloride (Oxford Laboratory, Mumbai, India),

trisodium citrate (BDH Chemicals), ethylene diamine tetra acetic acid (EDTA) (Scharlau

Chemie S.A., Barcelona, Spain), and sodium hydroxide were used to prepare the total

ionic strength adjustment buffer (TISAB II). The TISAB II was prepared by dissolving

58.5 g sodium chloride, 57.0 mL glacial acetic acid, 7 g of trisodium citrate, and 2 g

EDTA in 500 mL distilled water. The pH of this solution was adjusted to 5.0–5.5 with

5 mol L�1 sodium hydroxide and finally diluted to 1000 mL in a volumetric flask with

deionized water.
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The reagent also includes concentrated hydrochloric acid for neutralization after alkali

fusion and dissolution of food samples and buffer solutions for pH calibration. Fluoride

was determined by taking 5 mL of the sample and 5 mL of TISAB to maintain the pH in

the range of 5.2–5.4.

Reagent blanks were prepared together with the samples and brought through the

whole procedure for blank determination. The standard solutions and the sample solutions

were analyzed with pre-calibrated fluoride ion-selective electrode (Malde, Bjorvatn, and

Julshamn 2001). The beverages tea and coffee including water were analyzed directly

without digestion.

Data quality assurance

All the prepared samples were ashed and measured in duplicate and mean results were

recorded. For the quality control, recovery study was done by spiking known concentra-

tion of standards to some food samples such as enjera, bread, and fish, and percentage

recovery was calculated. The result of the recovery analysis was in the range of 85–

115%, which shows a good reproducibility of the method.

One certified reference material (CRM) for fluoride in vegetation, (Timothy high,

2695) from National Institute of Standards and Technology, USA was measured together

with the samples following the same procedure. The certified value and the fluoride mea-

sured at National Institute of Nutrition and Seafood Research are 277 � 27 mg kg�1 and

277 � 34 mg kg�1, respectively. The average value (n ¼ 7) measured during this study is

282 � 19 mg kg�1.

To evaluate the performance of the method, a comparison of measured values of stan-

dard reference material with that of certified value was made according to the procedure

in Application Note 1 of the European Reference Materials ERM (Linsinger 2005). This

statistically evaluates the difference between the measured values in a standard reference

material and its certified value based on the expanded uncertainty of the difference

between measured concentration value (Cm) and the certified value CCRM,

Dm ¼ jCm � CCRMj: ð1Þ

The combined uncertainty of the difference Dm is uD, calculated from the uncertainty of

the certified value and the uncertainty of the measurement result according to

uD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
u2m þ u2CRM

q
: ð2Þ

The standard uncertainty um of the measured fluoride in the CRM was estimated from

the measured values of seven CRM ashed samples in different days um ¼ sffiffiffi
7

p
� �

.

The standard uncertainty of the CRM was calculated from its expanded uncertainty

(UCRM ÷ 2).

The expanded uncertainty at 95% confidence level (coverage factor k ¼ 2) is thus,

UD ¼ 2uD: ð3Þ

Toxicological & Environmental Chemistry 5
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The difference between the concentration in the CRM and the measured value Dm is com-

pared with UD: If Dm � UD (i.e. Dm/UD � 1), there would be no significant difference

between the measurement result and the certified value at 95% confidence level.

The performance of fluoride measurement in the matrix CRM, Dm compared with UD

shows

Dm ¼ 5

UD ¼ 30:7:

Dm � UD (i.e. Dm/UD � 1), which implies that there is no significant difference between

the measurement result and the certified value at 95% confidence level. This implies a

good performance of the method.

Results and discussion

Fluoride in food ingredients

The fluoride content of the food ingredients is shown in Table 1. The ingredients used for

cooking different food items were different from one food item to the other and from

household to household though some ingredients such as onion, salt, for preparation of

most stews and cereals such as maize, teff, and wheat for preparation of enjera and bread

were commonly used in the households. Food ingredients that were repeatedly used in

one household were collected once except cooking water. The water used for cooking

was collected every day of sampling in each of the nine households. The standard devia-

tions of some of the measurements were higher because the samples were collected from

each household where the sources may differ.

Table 1. Fluoride concentration of food ingredients and water
(N ¼ 9).

Ingredients Mean F� (mg kg�1) SD

Tea leaves 625 12
Salt 27.7 5.6
Berbere 18.8 6.4
Red teff flour 15.1 6.9
Maize flour 12.2 5.1
Tumeric (erd) 10.2 4.0
Shiro powder 9.8 2.8
Wheat flour 6.8 0.3
Potato 5.6 1.7
Green pepper 4.9 3.1
Tomato 4.7 2.7
Garlic 4.1 –
Raw fish 4.0 1.3
Kale 3.9 2.0
Onion 2.1 0.3
Coffee 1.8 0.4
Sugar 0.3 0.01
Water source in village A 1.15 0.02
Water source in village B 3.19 0.02
Water source in village C 11.6 0.1
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Since food ingredients were collected from households, all the cereals were in the

form of powders. Legume powder (locally named shiro) can be prepared from different

legumes such as peas, beans, chickpea, and a mixture of those. All the households that

participated in this study were buying the powder from a nearby market and did not

have exact information on the specific legumes used for the preparation of shiro

powder.

Most commonly used spices in the selected households were red chilli powder (locally

named berbere) and turmeric, Curcuma longa (locally named erd). The households use

the two spices interchangeably when preparing potato stew and shiro stew.

Fish was mostly not consumed in the selected households. However, fish was found

to accumulate high fluoride concentration in different studies, it was selected to be

included in this study. The fish samples collected from all the nine households were

from the nearby Lake Ziway. Malde et al. (1997) measured a fluoride concentration of

4.4 mg kg�1 of dry weight in Oreochromis niloticus species (large size) found in Lake

Ziway.

Sugar, salt, coffee, and tea leaves were not produced or grown around the sampling

area. Salt was found to have high fluoride concentration because it is produced in Afdera,

which is a part of the Rift Valley region in Ethiopia. Tea leaves are known to accumulate

high fluoride concentration. The households used a brand called “Good Morning Tea”

to prepare tea. It was found to have a fluoride concentration of 624.5 � 12 mg kg�1.

Zerabruk, Chandravanshi, and Zewge (2010) calculated the fluoride concentration of nine

Ethiopian black tea leaves in the range of 248 mg kg�1 in “Almeta tea” to 682 mg kg�1

in “Abay tea”.

Selected food and beverage items were prepared using different water sources con-

taining different fluoride levels. These include defluoridated water from community

defluoridation (with bone char) in Weyo Gabriel (village A), untreated water from

Meskan village in Weyo Gabriel (village B), and untreated water from Gura village

(village C).

As shown in Table 1, the fluoride content of food ingredients is variable. In addition,

similar ingredients from different households showed different fluoride content as the

sources of the ingredients available in the market are different.

The contribution of the ingredients to the prepared dishes depends on the fluoride con-

tent of the ingredients and the amount that is used during food preparation. The experi-

mental results also showed that some ingredients appear to have high fluoride

concentration but their contribution is very less as they are used in small quantity. This is

true for salt (27.7 mg kg�1), tea leaves (625 mg kg�1), cereals, and vegetables depending

on the amount used by each household.

Fluoride content of prepared food and beverages

The fluoride content of prepared food and beverages is shown in Table 2. Fluoride in

the prepared food items varied depending on factors such as the type of ingredients

used, the amount of ingredients added, and fluoride concentration of the water used for

cooking.

Despite the fact that the recipe for preparing similar food items differs from one

household to another, it was possible to evaluate the influence of fluoride in the water

used for cooking. As the fluoride concentration in the water used increases, the fluoride

content of the prepared food and beverages also increases. Other studies also reported

similar results (Dabeka et al. 1982).
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Estimation of daily fluoride intake

Daily intake of fluoride was estimated for each household using three different water

sources (Equation (4)),

i:e: XT ¼
X10
j¼1

xj; ð4Þ

where XT is total daily intake (mg person�1 d�1),

xj is daily intake through food or beverage j,

j1, j2, . . ., j10 is prepared food and beverage items including drinking water,

where xj ¼ consumption of j�cj;

where consumption of j is the daily consumption of j (kg person�1 d�1), cj is the concen-

tration of fluoride in food or beverage j (mg kg�1).

The fluoride intake from different prepared foods and beverages including drinking

water was calculated to assess the contribution of each food and beverage item to the total

intake (Equation (5)),

Consumption of j¼ ðAmount of j consumedðkgÞ�frequency of consumption in a weekÞ
No: of days in a week

:

ð5Þ
The average amount of each food consumed by an adult person was estimated from the

results of recipe questionnaires by taking the average of all the nine households. The infor-

mation of frequency of the food and beverages to be consumed within a week was obtained

from the field observation and results of the questionnaires. For assessing the influence of

the water used for drinking and the cooking process itself, total daily intake was calculated

from estimated results of food and beverages before cooking (Equation (6)),

% contribution to total intake ¼ ðXT � X �
T Þ

XT

� �
� 100; ð6Þ

where XT is total daily fluoride intake (mg d�1) and X �
T is total daily fluoride intake calcu-

lated with zero F� in cooking and drinking water.

Table 2. Fluoride content of prepared food and beverages (N ¼ 3).

Fluoride concentrations in the water used for cooking

Items A (1 mg L�1) B (3 mg L�1) C (11 mg L�1)

Enjera 9.7 11.9 16.9
Bread 11.9 16.0 18.1
Shiro stew 2.5 3.7 10.9
Potato stew 4.0 6.0 9.0
Kale stew 7.2 8.8 16.1
Fish stew 2.6 4.9 7.41
Tea 3.7 6.8 13.3
Coffee 1.2 2.8 11.3
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Similarly, the influence of the water fluoride content is calculated (Equation (7)),

% contribution to j ¼ ðxj � x�j Þ
xj

� �
� 100; ð7Þ

where xj is daily intake through food or beverage j, x�j is daily intake through j calculated

with zero fluoride in cooking water, and j1, j2,. . ., j9 are different types of food and

beverages.

Daily fluoride intake

The total daily fluoride intake as shown in Tables 3–5 is the sum of daily intake through

different food items and beverages. From the food frequency questionnaire, the amount

of enjera that is consumed is very high (eightfold) as compared to the consumption of tea.

Consequently, the daily fluoride intake per person from enjera (village A) is 2.9 mg,

while it is only 0.5 mg from tea. But when we compare the contribution of the water it is

higher in tea (18%) than in enjera (12%) as the actual water content of tea is much higher

than that of enjera.

The fluoride intake through food and beverages prepared with defluoridated water is

shown in Table 3. In these households, the intake of fluoride from the food was much

higher than the fluoride from the beverages indicating that the fluoride concentration of

the ingredients also played a vital role on the total intake, in addition to the fluoride con-

centration in the water.

Malde, Zerihun, and Bjorvatn (2004) studied the total daily fluoride intake of children

living in two villages A and K (with fluoride concentration in the water about 2 mg L�1

and 14 mg L�1, respectively), in Wonji Shoa sugar estate, a rural part of the Ethiopian

Rift Valley. According to this study, the daily fluoride intake of children in village A was

derived 63% from food, while children in the high-fluoride village K consumed most of

the fluoride through beverages (60%).

As shown in Table 3, the calculated daily intake of fluoride from enjera is 4.63 mg

person�1d�1, whereas it is 2.61 mg person�1d�1 from bread. On the other hand, the

Table 3. Fluoride intake by an adult using defluoridated water.

Daily intake of
F� (mg person�1)
through

Food alone
(0 mg L�1 in water)

Calculated
from raw food
(1 mg L�1)

Contribution of
water (%)

Calculated from
prepared food
(1 mg L�1)

Bread 1.2 1.3 5 2.6
Enjera 2.6 2.9 12 4.6
Shiro stew 0.1 0.2 27 0.2
Potato stew 0.32 0.37 11 0.34
Kale stew 0.27 0.31 12 0.59
Fish stew 0.03 0.04 19 0.04
Total 4.56 5.11 11 8.37
Tea 0.37 0.45 18 0.17
Coffee 0.07 0.22 66 0.24
Drinking water 0.00 1.73 100 1.73
Total 0.45 2.40 81 2.14
Total daily intake 5.0 7.5 33 10.5
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fluoride content of enjera and bread is 9.7 mg kg�1 and 11.9 mg kg�1, respectively

(Table 2). The observed difference is due to the higher daily consumption of enjera as it

is the staple food in those villages in particular and in Ethiopia in general.

People living in village B use water with fluoride concentration of about 3 mg L�1.

The fluoride intake of an adult person through the food and beverages prepared by using

this water source is shown in Table 4.

As shown in the table, the fluoride intake through food and beverages is higher as

compared with those households using defluoridated water.

The people in village C used untreated groundwater with fluoride content of about

11.6 mg L�1 for preparing food, beverages, and for drinking purposes. As shown in

Table 5, the results are much higher than the results found by using defluoridated water

and untreated water from village B. Moreover, the fluoride intake from beverages is

higher than that from the food. In a Kenyan study, Opinya et al. (1991) found a total daily

fluoride intake of 14.5 mg (range 6–24 mg) in children aged 1–4 years living in an area

with 9 mg L�1 in the drinking water. Anasuya, Bapurao, and Paranjape (1996) studied a

Table 4. Fluoride intake of an adult person using untreated water from village B.

Daily intake of
F� (mg person�1)
through

Food alone
(0 mg L�1 in water)

Calculated from
raw food

(3 mg L�1)
Contribution of

water (%)

Calculated from
prepared food
(3 mg L�1)

Bread 2.14 2.71 21 3.52
Enjera 2.76 4.22 35 5.68
Shiro stew 0.12 0.37 67 0.24
Potato stew 0.35 0.48 28 0.51
Kale stew 0.14 0.32 54 0.71
Fish stew 0.04 0.07 45 0.08
Total 5.6 8.2 32 10.7
Tea 0.26 0.59 85 0.41
Coffee 0.11 0.74 56 0.66
Drinking water 0.00 4.78 100 4.78
Total 0.37 6.12 94 5.85
Total daily intake 5.9 14.3 58 16.6

Table 5. Fluoride intake of an adult person using the water source in village C.

Daily intake of
F� (mg person�1)
through

Food alone
(0 mg L�1 in water)

Calculated from
raw food

(11 mg L�1)
Contribution of

water (%)

Calculated from
prepared food
(11 mg L�1)

Bread 0.99 2.88 66 3.97
Enjera 2.71 7.26 63 8.1
Shiro stew 0.14 0.77 81 0.69
Potato stew 0.30 0.87 65 0.77
Kale stew 0.29 1.07 73 1.3
Fish stew 0.11 0.16 33 0.12
Total 4.54 13.0 65 15.0
Tea 0.28 1.48 81 1.67
Coffee 0.01 2.38 99.5 1.29
Drinking water 0.00 17.4 100 17.35
Total 0.30 21.2 99 20.3
Total daily intake 4.8 34.2 86 35.3
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range of intakes based on consumed foodstuffs and local supplies of drinking water

(normal and fluoride-endemic areas) by adults living in the rural areas of India. The study

showed a daily fluoride intake of 0.84–4.69 mg d�1 in normal and 3.40–27.1 mg d�1 in

fluoride-endemic areas.

Coffee was found to be consumed very frequently (seven days in a week) in

the selected households. The percentage contribution of fluoride in the water used for

the preparation of coffee was high in all the three water sources compared to the

contribution of the coffee powder because coffee powder has low fluoride content

(1.8 � 1.4 mg kg�1).

It is important to note that significant amount of fluoride from water is retained in the

prepared food. In the households using water with fluoride concentration of 1, 3, and

11.5 mg L�1, the daily fluoride intake was 10.5, 16.6, and 35.3 mg d�1, respectively.

This shows that a 11-fold increase in fluoride concentration of the water used for food

preparation corresponds to a 3-fold increase in the daily fluoride intake. Malde, Zerihun,

and Bjorvatn (2004) found a 7-fold increase in the fluoride concentration of the water

used for food preparation, which resulted in the doubling of fluoride intake through food.

In households using low-fluoride water (village A), the contribution of water was only

about 33%, whereas the value was about 86% in the case of households using high-

fluoride water (village C).

Conclusions

An estimation of the dietary intake of fluoride in adults will help to evaluate the preva-

lence of skeletal fluorosis due to long-term total daily intake. The study showed that the

daily fluoride intake of adults living in the selected villages was 10.5, 16.6, and 35.3 mg.

A significant portion of the fluoride intake is from food items frequently used by the stud-

ied households. As the water fluoride content increases, the contribution of water to the

daily fluoride intake becomes more pronounced. A 11-fold increase in the fluoride con-

centration of water resulted in a 3-fold increase in the daily intake of fluoride. Reducing

the fluoride concentration of the water to the lowest possible level is recommended to

minimize the total daily fluoride intake. Fluoride in food ingredients also played a role on

the daily fluoride intake, especially in the households using less fluoride-containing water.

As the actual absorption of ingested fluoride may depend on other factors such as the

presence of nutrients like Ca and Mg, further study will be required on complete dietary

composition. In addition, as the fluoride in food may exist in organic form, which may be

less or more toxic, further study will be required by extracting with organic solvent and

subsequent analysis.
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