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bstract

Levels of water soluble and acid soluble fluoride in tea, toothpaste, tobacco and pan masala (mouth freshener) were estimated. These items
re, generally, ignored while calculating the total dietary intake of fluoride. Tea, toothpaste, tobacco, pan masala (with tobacco and without
obacco) frequently expose human body to 3.88–137.09, 53.5–338.5, 28.0–113.0, 16.5–306.5 and 23.5–185.0 �g of fluoride per gram of these

tems, respectively. An effort was also made to quantify, on the basis of available studies, the probable human ingestion of fluoride through these
ubstances. Increased leaching of fluoride from some of these substances has been observed in acidic conditions in the present study. The results
an be extrapolated to acidic conditions of human stomach.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Fluorine is the 13th most abundant element in earth’s crust.
uman beings are frequently exposed to fluoride through food,
ater and various other products of daily use. Excessive inges-

ion of fluoride causes dental and skeletal fluorosis. Fluorosis is
revalent in India for the last six decades and the effect of fluoride
n human health has been clearly understood by now. Fluo-
ide enters the body through gastrointestinal tract and remains
here as hydrofluoric acid [1]. From gut, it enters the plasma
nd 85% of it binds to serum albumin. It degenerates muscle
ber [2], adversely affects spermatogenesis [3] and influences

he calcium current in neurological systems [4]. In India, the
umber of people consuming tea, tobacco, and pan masala is
n the increase. Besides drinking water, these items, too, serve

s important sources of fluoride. In addition to these, toothpaste
lso contains high level of fluoride. Due to the limited informa-
ion on level of fluoride such items are ignored while calculating
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he total dietary intake of fluoride. This study, therefore, becomes
mportant in determining the exposure of human body to fluo-
ide through these items. This also stresses the need of inclusion
f fluoride level of these items in determining the total dietary
ntake of the fluoride for consumer of such items. In addition,
t will help to understand the leaching of fluoride from these
tems in simulated stomach conditions. An effort, therefore, has
een made to quantify the probable ingestion of fluoride through
hese items and to discuss the bioavailability, metabolism and
ealth effects of fluoride on human body in the light of recent
esearches for better understanding of the subject.

. Materials and methods

In the present study, 8 samples each of tea and tobacco, 15
amples of pan masala (7 without tobacco and 8 with tobacco)
nd 15 samples of toothpaste were obtained from the local mar-
et. The samples were dried at 80 ◦C in hot air oven for sufficient
ime and were powdered. One gram of each sample was mixed

ith 50 ml of distilled water and stirred continuously on a mag-
etic stirrer for 30 min [5]. Tea samples were boiled for 5 min
n water, instead of stirring. The samples were analyzed for
ater soluble and acid soluble (0.2 M HCl solution) fluoride in
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hem. Fluoride analysis was done as per APHA-AWWA-WPCF
ethod no. 4500-F− D [6]. For the estimation of acid soluble
uoride, 0.2 M HCl was used in place of distilled water. Blank
orrections were also made to minimize error.

. Results and discussion

Human body is exposed to different levels of fluoride through
onsumption of different edible products. Ingestion pattern of
uoride varies for each product. Level of exposure and inges-

ion in case of tea is the same because it is fully ingested while it
s different in case of toothpaste, tobacco and pan masala. Only
fraction of these is ingested in the body. Levels of fluoride in

ea, toothpaste, tobacco and pan masala are presented in Table 1.
ach gram of tea exposes human body to 3.88–137.09 �g of
uoride with a mean value of 63.51 �g while same quantity of

oothpaste exposes the human body to 53.5–338.5 �g with a
ean value of 183.78 �g. The range of exposure was found

o vary between 28.0 and 113.0 �g/g with a mean value of
5.5 �g/g for tobacco, while it was 16.5–306.5 �g/g with a mean
alue of 113.93 �g/g for pan masala with tobacco. In case of pan
asala without tobacco it varied between 23.5 and 185.0 �g/g
ith a mean value of 63.88 �g/g. Generally, tobacco, tooth-
aste and pan masala are not swallowed, only some fraction
f them is ingested during their consumption, which ultimately
ecomes available to body for absorption along with sublin-
ually absorbed fluoride. Absorption of fluoride in the body
epends on chemical and physical nature of the ingested fluoride.
oluble fluoride present in the food is efficiently absorbed. It has
een observed that absorption of fluoride from water ranges from
6 to 97% while 20% of fluoride is soluble in water from less sol-
ble edible items like tobacco, pan masala, etc. [5,7]. Studies on

oothpaste indicated that up to 20% of toothpaste was ingested
er brushing [8] but ingestion pattern of fluoride for tobacco and
an masala is not yet established. The ingestion is almost similar
o that of toothpaste. Therefore, in this study, we have assumed

[
a
i
a

able 1
evel of water and acid soluble fluoride in different products

ample Water soluble F− (�g/g)

Range Mean

ea 3.88–137.09 63.51
oothpaste 53.5–338.5 183.78
obacco 28.0–113.0 75.5
an masala with tobacco 16.5–306.5 113.93
an masala without tobacco 23.5–185.0 63.88

able 2
aily exposure and ingestion of fluoride through different products

ample Quantity taken (g/day) Exposure of flu

ea 4 254.04
oothpaste 2 367.56
obacco 10 755.0
an masala with tobacco 18 2050.74
an masala without tobacco 18 1149.84
us Materials 142 (2007) 77–80

t to be similar to the fluoride ingestion from toothpaste, i.e. 20%
or ingestion study. Consumption pattern of tea is totally differ-
nt from toothpaste, tobacco and pan masala. In tea preparation,
ea leaves are removed after boiling in water and this water is
onsumed directly. So, fluoride present in tea becomes available
o body for absorption. Level of fluoride ingested through these
tems is calculated using mean value of fluoride presented in
able 2. On an average, a person who brushes once in a day
2 g per brushing) and consumes two cups of tea (2 g per cup) is
xposed to 621.6 �g/day of fluoride. Out of this 327.55 �g/day
s ingested, as there is 100% ingestion of fluoride for tea and
0% for toothpaste. Since consumption habits of pan masala
nd tobacco differ from person to person so they are exposed
o different levels of fluoride, e.g. if a person consumes three
achets of pan masala (6 g/sachet) containing tobacco, then,
e/she will further be exposed to 2050.74 �g of fluoride, out
f which 410.15 �g/day is ingested. Exposure and ingestion of
uoride from these products would be different at different doses
epending on the intake habits of different persons. Thus, high-
st level of exposure and ingestion of fluoride will be associated
ith a person consuming maximum quantities of these products.
It is evident from the results that leaching of fluoride from

arious products increases by few folds in acidic conditions.
n the present study leaching of fluoride varying from 1.34 to
.69 fold in acidic conditions as compared to extract by boil-
ng in water has been observed in tea, toothpaste and tobacco.
owever, this trend was not observed for pan masala (mouth

reshener). Hence, human beings can be exposed to higher flu-
ride level with same product because similar acidic conditions
revail in our stomach. Most of the children, who brush their
eeth every day with high fluoride containing toothpaste, in both
rban and rural areas, had gingivitis and periodontal diseases

9]. Net fluoride available to body depends on the bioavailability
nd its metabolism. Thus, this paper discusses the bioavailabil-
ty and metabolism of fluoride as well as brief account of dental
nd skeletal fluorosis.

Acid soluble F−(�g/g)

S.D. (±) Range Mean S.D. (±)

80.31 2.99–329.01 170.94 227.99
83.73 43.5–560.5 314.6 127.89
30.09 38.5–370.0 101.06 111.79
94.78 0.5–148.5 98.145 0.94
52.24 4.5–82.6 4.98 23.53

oride (�g/day) Ingestion of fluoride (�g/day) % of ingestion

254.04 100
73.51 20

151.0 20
410.15 20
229.97 20
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.1. Bioavailability of fluoride

Bioavailability is the portion of a nutrient in food, which
s absorbed and utilized in living beings [10]. In humans, the
ioavailability of fluoride from various food items is reported to
ary from 2 to 79%. Parameters like pH and the mineral con-
ent of the food are of importance for bioavailability [11–14].
one meal, fish bone meal, canned sardines and chicken bone
eal are considered as low fluoride availability food products,
ost probably, because of the high content of calcium [15].
xperiments on rats show that minerals like calcium and magne-
ium influence absorption and retention of fluoride in different
issues [16,17]. While calcium most likely interferes with the
bsorption of fluoride, it has been proposed that magnesium
educes the toxicity of fluoride by intracellular mechanisms
18,19].

Majority of studies on bioavailability of fluoride in humans
ave been focused on comparing fluoride concentration in
lasma after intake of the test substance or test food. The results
btained have been compared with plasma values analyzed after
ral or intravenous administration of NaF [13–15]. Some stud-
es have reported bioavailability based on both, plasma values
nd urinary fluoride concentration [12,20]. The methodological
pproach is based on the assumption that NaF is fully absorbed
100%) in empty stomach, no endogenous loss of fluoride, and
nderstanding that urinary excretion is the major route of fluo-
ide elimination.

.2. Metabolism of fluoride

Passive diffusion takes place during the absorption of fluoride
n stomach and small intestine. If a person has not consumed
ny food, sodium fluoride (NaF) is absorbed completely and
ery rapidly [21]. Increase in fluoride level in plasma can be
bserved a few minutes after ingestion. The reason behind this
s that fluoride in stomach, primarily, present as weak hydro-
en fluoride (HF), which diffuses from the stomach and easily
eaches the blood [22]. The plasma fluoride level is not home-
statically regulated. Fluoride is distributed from plasma to all
issues and organs. However, since the soft tissues generally do
ot accumulate fluoride most of the fluoride in the human body
99%) is found in mineralized tissue. Fluoride is incorporated
nto the crystal lattice structure in the form of fluorapatite or
uorhydroxyapatite [23].

In case of young individual, a larger fraction of single fluo-
ide dose deposits in the skeleton as compared to adults [21].
n plasma, fluoride is transported as ionic fluoride and non-
onic (bond) fluoride. Ionic fluoride does not bind to plasma
roteins, and is easily excreted with the urine. However, in the
orm of HF, a variable amount of (35–45%) will be reabsorbed
nd returned to the systemic circulation. pH of tubular fluid and
rinary flow are the main factors influencing reabsorption rate
21,22]. The amount of urinary fluoride excreted reflects the

mount of fluoride ingested, and elimination of absorbed fluo-
ide occurs mainly via kidney [23]. As reported in literature, the
rinary excretion of fluoride (age group 3–6 years) is 32–80%
f total fluoride intake [24–26]. Fluoride, in faeces, is that part

f
e
e
i
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hich was never absorbed [27]. On an average, 6–25% of the
uoride ingested is lost in faeces [23,28,29].

.3. Health effects

Fluorosis covers a wide range of clinical manifestation related
o chronic fluoride intoxication. Fluoride accumulates in min-
ralized tissues, notably the lattice of bone and tooth crystals
30]. Fluorosis can be easily detected in teeth, in the form of
ottling of tooth enamel. The clinical symptoms of mild dental
uorosis vary from thin white striae across the enamel surface to

rregular cloudy area. In severe condition, the white areas merge
nd loss of enamel surface may occur. The loss of enamel occurs
nly on surface, and not the full thickness of the enamel [31,32].
namel becomes brownish in colour due to the uptake of colour

rom food to the porous enamel. After pre-eruptive maturation
f enamel it becomes non-susceptible to dental fluorosis. The
re-eruptive maturation of the anterior teeth is finished by the
ge of 8 years [33].

Skeletal fluorosis can be defined as excessive deposition of
uoride in bone [34]. If high fluoride drinking water (>8 mg/l)

s consumed over a long period of time during the adolescence,
evere forms of skeletal deformities may occur [35]. There is
trong correlation between level and duration of fluoride expo-
ure and the development of skeletal fluorosis and its severity.
he changes in skeletal tissue may result in back stiffness and

imb pain due to ossification and fusion of the vertebral column
nd spinal ligaments [36]. In endemic region, approximately
0% of those with skeletal fluorosis exhibit neurological disease
ue to the mechanical compression of the spinal cord and nerve
y bony growth (osterophytes) in the spinal canal [37]. A good
orrelation has been observed between the parodontopathy index
nd fluoride level in systemic fluids [38]. Fluoridated drinking
ater was found positively associated with cancer of oral cav-

ty and pharynx, colon and rectum, hepato-biliary and urinary
rgans [39]. Human beings are protected from the adverse effect
f high fluoride ingestion by the dietary habits as well as by
arious functions carried out by their organs, as 40–60% of flu-
ride ingested daily is excreted by kidneys through urine [26,40].
alcium and magnesium form insoluble complexes with fluo-

ide anion and multivalent cations in the small intestine and
ecrease the uptake of fluoride into bones and teeth significantly
40,41]. Besides calcium and magnesium, nutritional supple-
ents involving high intake of Vitamins A, C, and D, high

rotein diet, etc. save human beings from detrimental effects of
igh level of ingested fluoride. Minerals also interact with flu-
ride and decrease intestinal absorption of fluoride and protect
uman beings from its harmful effects to some extent [42–43].

. Conclusions

The study confirms that tea, toothpaste, tobacco and pan
asala are rich sources of fluoride besides drinking water and
ood. Thus, these items should not be overlooked during the
stimation of total dietary intake of fluoride. It also shows that
xtraction of fluoride from these items can increase several folds
n acidic conditions as in human stomach. The people who are
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esiding in the fluoride-affected areas are at a greater risk due to
xcessive fluoride intake especially when they are unaware of
he amount of fluoride being ingested due to lack of awareness.
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