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Abstract

Introduction: Fluorosis, also known as fluorine poisoning is a disease caused by the disruption of various metabolic pathways, one
of which includes calcium metabolism implicated in dental and bone formation due to the replacement of calcium by fluoride ions in bone
matrix. The aim of study was to determine the presence of fluorine of the population consuming water contaminated at the Diamaré Division.

Method: A cross sectional analytic study design in 7 villages at the Diamaré division from 1st December 2021 to 30th May 2022
was carried out. Participants who gave consent and filled the selection criteria were included. The socio-demographic characteristics,
medical history, eating habits and clinical characteristics of the participants were obtained using a questionnaire. Samples of urine, blood of
participants and water were collected for analysis at the Centre for Study and Control of Communicable Diseases at the Faculty of Medicine
and Biomedical Sciences of the University of Yaoundé. Fluoride concentration in water and urine. Data entry and analysis was done using
Epi info; Associations were derived from bivariate analysis.

Results: We had bore holes, wells and river as water sources used of water for drinking, cooking and household activities. 152
participants were recruited and the most common water source used was bore holes (N=94; 61.84.7 %). Some used water from one
source only; others from two sources or more. Majority had Joint pains (78.7 %). Dental fluorosis accounted for 26%., bowed legs 4.7%,
skeletal deformities 6%, immobilization of joints 41.3% and knocked knees 1.3%. A mean water fluoride concentration of 1.30 +1.68 mg/I
ranging from 0.04-5.75 mg/l was obtained from 30 samples of water collected while that of 2.89 +2.87 mg/I ranging from 0.05-14.35 mg/I|

was obtained from urine.

fluoride which is eliminated in urine by the entire population.

Conclusion: The majority of water sources (wells and boreholes) used by our study population for consumption are contaminated with
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INTRODUCTION

The element fluorine is a gas which exists only in a combined state
in fluoride compounds of the earth crust [1, 2]. The intake of fluorine
beyond safe limits leads to fluorine poisoning which can be acute or
chronic according to the amount and period of consumption [1]. Acute
toxicity is related to a single ingestion of a large amount of fluoride
leading to diffuse abdominal pain, respiratory arrest, cardiac depression,
neurotoxicity, diarrhea, vomiting, excess salivation and thirst [1-4].
Whereas chronic toxicity is related to a long-term ingestion of smaller
amounts of fluoride in drinking water leading to dental fluorosis, skeletal
fluorosis, non-skeletal fluorosis in soft tissues, bone fractures, kidney
damage, chromosome damage, thyroid changes, growth retardation,
infertility, skin lesions, cardiovascular disorders and neurological defects
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associated with reduced IQ in children [1-5].

A study carried out in 2017 estimated that about 200 million
individuals worldwide are exposed to fluorine poisoning, with India and
China being the most exposed [5], exceeding the WHO safe limits of 1,5
mg/1 [6].

Whereas in Africa, studies on fluorine poisoning were carried out in
certain countries like Tanzania, Kenya, Uganda, Nigeria, Ethiopia, Sudan
and South Africa [7-10]. A study done in 2010 in Tanzania revealed that
more than 90% of children aged from 7-10 years had dental and skeletal
fluorosis with dental fluorosis in majority [9].

To the best of our knowledge, we have not seen any study on the
impact of fluorine toxicity in the calcium metabolic pathway in the
country. Chronic fluorosis can be linked to a broad number of problems
with many reports on dental and skeletal fluorosis. Hence, we had an aim
to evaluate the level of bone troubles related to chronic fluorosis at the
Diamaré Division.

METHOD

A cross sectional analytic study design in 7 villages at the Diamare
division from 1% December 2021 to 30" May 2022 was carried out.
Participants who gave consent and filled the selection criteria were
included. The socio-demographic characteristics, medical history, eating
habits and clinical characteristics of the participants were obtained
using a questionnaire. Samples of urine, blood of participants and
water were collected for analysis at the Centre for Study and Control
of Communicable Diseases at the Faculty of Medicine and Biomedical
Sciences of the University of Yaoundé. Fluoride concentration in water
and urine, calcium and ALP levels in serum of participants were obtained.
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Data entry and analysis was done using Epi info; Associations were
derived from bivariate analysis.

RESULTS:
Enrolment Process

One hundred and fifty three participants were enrolled at the chosen
villages with high fluoride concentration at the Diamare division. One
participant was excluded because of a short term residence (<1 year)
in the area of study. The Figure 1 below shows the flowchart of the
enrolment of participants.

153 participants
were approached

Excluded=1

- Residence < 1 year in the
area of study

152 were included
in our study

Figure 1: Flow Chart of Enrolment Process.

A total of 152 participants were included in our study. Their socio-
demographic data distribution is seen on Table 1.

Most of the participants were in the age group of 41-50 years (N=34;
22.4%). The mean age was 48.7(+16.5) years and ranging from 20-19
years old. Most of the participants came from the Tchere village (N=53;
34.9%). The sex ratio was 105:47 (2.23) with the majority of participants
being males (N=105; 69.1%) and most of them were Muslims (N=78;
51.3%). In addition, 64.5% of them had no formal education.

Water Sources and Uses by Inhabitants

We identified rivers, wells and bore holes as water sources used by
the inhabitants at the Diamare division. The most common water source
used by the participants was bore holes (N=94; 61.84 %) as shown in
table VIII. Some of the participants used water from one source only, two
sources or more. 12% of them (N= 18) used water from the three kinds
of sources identified. They all (N=150; 100%) used the water sources for
drinking, cooking, bathing, laundry, dish washing, farming and animal
rearing (Table 2).

Joint pains was the most common symptom experienced by most
of the participants (N=119; 78.29%).7 people (4.6%) had bowed legs
while 9 participants (6%) had skeletal deformities. More so, 26% of them
had dental fluorosis. Part of the participants (40.79%) suffered from
immobilization of joints while 1.32% presented with knocked knees.
23.68% of the participants had dental caries (Table 3).

The proportion of participants drinking milk on a daily basis was
29.61% (n=45). 70.4% of the participants did not consume milk at all
(Table 4).

Mean Concentration and Standard Deviation of
Fluoride Concentration in Water
Q1: 1%t quartile, Q3:3" quartile

The mean concentration of fluoride ions in all the water samples was
1.30 #1.68 mg/I ranging from 0.04-5.75 mg/l with median 0.05mg/I and
mode 0.05mg/1.

Table 1: Socio-Demographic Characteristics of Participants

Frequency (N=152) |Percentage(%)
Variables
Age Group (Years)
20-30 25 16.45%
31-40 29 19.08%
41-50 34 22.37%
51-60 29 19.08%
61-70 19 12.50%
>70 16 10.53%
Total 152 100%
Sex
Male 105 69.08%
Female 47 30.92%
Village
Tchere 53 34.87%
Meri 9 05.92%
Douvangar 14 09.21%
Guinlaye 28 18.42%
Baouli 11 07.24%
Mikiri 20 13.16%
Gouzoulam 17 11.18%
Religion
Islam 78 51.32%
Christianity 51 33.55%
None 23 15.13%
Level of Education
Primary 41 26.97%
Secondary 13 8.55%
No Formal Education 98 64.47%
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Table 2: Frequencies and Proportions of General and Detailed Water
Usage by Participants (N=150)

Table 4: Milk Consumption by Participants

Table 3: Clinical Features of Chronic Fluoride Toxicity Presented By the
Participants

Variables Fre(g;ency Percentage (%)

Dental Flourosis 39 25.66%

Dental Caries 36 23.68%
Skeletal Deformities 9 5.92%
Bowed Legs 7 4.61%
Knocked Knees 2 1.32%

Joint Pains 119 78.29%

Immobilization of Joints 62 40.79%

Source Frequency (N) | Percentage (%)
4 yN) > Milk Consumption Frequency(n) | Percentage (%)
General water usage per source
No 107 70.39%

Well 70 46.05%

Yes 45 29.61%
Bore hole 94 61.84% Total 152 100%

River 24 15.79% The mean concentration in wells was 1.64mg/l while that of bore
holes was 1.02mg/1. Both are superior to national norm of 0.7mg/I but
only the concentration of fluoride in wells was superior to the WHO norm

Detailed water usage of fluoride water levels (Table 5).
COMPARISON OF CONCENTRATIONS OF FLUORIDE
Bore hole only 77 50.66% IONS IN WATER TO NATIONAL NORMS VALUE.
From the concentrations obtained, 17(56.66%) samples of water had
Well only 34 22.37% concentrations inferior to the national norm value of 0.7mg/1, 13(43.33%)
were superior. Majority of samples in Meri (80%) and Mikiri (100%) had
River only 2 1.32% concentrations above the national norm of 0.7mg/1 (Table 6).
. 0
COMPARISON OF CONCENTRATIONS OF FLUORIDE
Well, Bore hole and River 3 1.97% IONS IN WATER TO WHO NORMS VALUE
From the concentrations obtained, 21(70%) samples of water had
Bore hole and Well 17 11.18% concentrations of fluoride in water inferior to the WHO norm value of
' 1.5mg/1, 9(30%) were superior. Majority of samples in Meri (80%) had
concentrations of fluoride in water superior to the WHO norm value of
Bore hole and river 1 0.66% 1.5mg/1 norm (Table 7).
VARIATION OF FLUORIDE IN URINE SAMPLE WITH AGE.
i 0,
Well and River 18 11.84% Figure 2 shows that the presence of fluoride in urine is not linked to
age and was unevenly distributed among all ages.
Total 152 100.009 P . . . .
ota > 00.00% Variation of Fluoride in Urine Sample with Sex.

Fluoride in urine samples of our participants was unevenly
distributed among all sexes. The absence of fluoride in urine was the
same for all sexes but majority of those who had fluoride in their urine
were males (71 Percent). So Figure 3 shows that fluoride is more present
in males than in females.

UF

16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00

LEVELS OF FLUORIDE IN URINE

AGE

Figure 2: Distribution curve of fluoride in urine samples against
age.
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Table 5: Mean and SD of Fluoride Concentration in Water

Table 7: Proportions of Levels Fluoride Concentration in Water per
Village Compared to WHO Norms

Village WHO Norms (1.5mg/1) of Fluoride In Water
<1.5mg/L >1.5mg/L Total

Baouli 1(100%) 0 (0,00%) 1 (100%)
Douvangar 9 (69.23%) 4 (30.77%) 13 (100%)
Gouzoulam 2 (100%) 0 (0.00%) 2 (100%)
Guinlaye 1(100%) 0 (0.00%) 1 (100%)
Meri 1 (20.00%) 4 (80.00%) 5(100%)
Mikiri 1 (100%) 0 (0.00%) 1 (100%)
Tchere 6 (85.71%) 1(14.29%) 7 (100%)
Total 21(70%) 9(30%) 30(100%)

Mean Star_nda!rd Coefficient of variation Minimum Q1 Median Q3 Maximum Mode
deviation (%)
1.30 1.68 124.15 0.04 0.05 0.275 2.15 5.75 0.05
Table 6: Proportions of Levels Fluoride Concentration in Water per
Village Compared to National Norm
Village National Norm(0.7mg/1) of Fluoride in Water Absence Of Presence of
Fluoride In Urine fluoride in urine
<0.7mg/L >0.7mg/L Total
Baouli 1(100%) 0 (0.00%) 1 (100%) Fne s
Douvangar 7 (53.85%) 6 (46.15%) 13 (100%) WAL WAL WAL mEEMALE
Gouzoulam 1 (50%) 1 (50%) 2 (100%)
Figure 3: Distribution of fluoride in urine samples in the two sexes.
i 0, 0 Y - - - . - -
Guinlaye 1(100%) 0 (0.00%) 1(100%) Distribution of Fluoride Ions in Urine samples.
Meri 1(20.00%) 4 (80.00%) 5 (100%) From the dosage of fluoride ions in urine of participants, 10.53%
did not have fluoride in their urine while 89.47% had fluoride in their
urine samples. All participants in Gouzoulam (100%) had fluoride in their
Mikiri 0 (0.00%) 1(100%) 1(100%) urine. More than 70% of participants in each village had fluoride in their
urine (Table 8).
0, 0, 0,
Tchere 6(8571%) | 1(14.29%) 7 (100%) MEAN CONCENTRATION AND STANDARD DEVIATION
OF FLUORIDE IN URINE
Total 17(56.66%) 13(43.33%) 30(100%)
Q1: 1t quartile, Q3:3" quartile

The mean concentration of fluoride ions in urine was 2.89 +2.87 mg/1
ranging from 0.05-14.35 mg/l with median 2.2mg/l and mode 0.05mg/1
(Table 9).

DISCUSSION

Fluorine poisoning is a public health issue in the world and also has
an impact in Cameroon, more precisely in the Far North region [12]. There
is paucity of data on its impact on calcium levels implicated in both dental
and bone health as in the case of our study. Hence, the aim of our study
was to assess the impact of chronic fluorosis on the levels of calcium and
alkaline phosphatases at the Diamaré division .This will help us provide a
global approach to improve their health and lifestyle.

Socio-Demographic Characteristics

Our study population included adults of 20-90 years. The mean age
in our study was 48.7 years. Similar findings was seen in Canada with
a mean age of 46.49 years [14-17]. However, a lower mean age of 39.8
years was found in a study by Eklund et al [18]. This difference could
be explained by the study population where only women were included
while we recruited both males and females. Majority of our participants
were males (N=105; 69.1%). However, another study had more women
than men (sex ratio=1.04) [19].This difference is because most women
were resilient to participate and most of them remained indoors in our

study.
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Table 8: Distribution of Fluoride Ions in Urine samples, N=152

Village Presence Absence
Total
N (%) N (%)

Baouli 50 (94.34%) 3(5.66%) | 53(100%)
Douvangar 8 (88.89%) 1(11.11%) | 9(100%)
Gouzoulam 14 (100%) 0(0.00%) |14 (100%)

Guinlaye 23 (82.14%) 5(17.86%) | 28 (100%)
Meri 8 (72.73%) 3(27.27%) | 11 (100%)

MiKiri 19 (95%) 1 (5%) 20 (100%)

Tchere 14 (82.35%) 3(17.65%) | 17 (100%)

Total 136(89.47%) 16(10.53%) |152(100%)

Table 9: Representation of Mean and Range of Fluoride Concentration in
Urine Samples

Standard Coefficient
Mean L. of variation Minimum Q1 |Min Q3 |Max |Mode
deviation
(%)
2.89 |2.87 99.32 0.05 0.75|2.2 |3.85|14.35|0.05

Various Sources of Water and Their Uses by the
Inhabitants

Boreholes, wells and a river were identified as water sources in
our study. Similar findings were reported in a study done in Tanzania
having bore holes, well, river as well as pipe water as sources [9]. The
most used water source in our study was boreholes probably because of
the recent increasing number of boreholes construction through water
management projects. This is also due to the fact that bore hole water is
more potable than the other sources used in the village. In contrast, the
most used source in another study was wells because of partial access to
other sources [9].

Clinical features of chronic fluorosis presented by the
participants

Most of our participants (78%) experienced severe joint pains as a
clinical feature of chronic fluorosis. This could be explained by the fact
that fluorine poisoning is known to cause joint pains, skeletal deformities,
mottling of teeth and immobilisation of joints as a result of disorders of
calcium/phosphorus metabolism occurring during growth [20].

THE CONCENTRATION OF FLUORIDE IONS IN WATER
AND URINE, AND THE CONCENTRATION OF CALCIUM
AND ALKALINE PHOSPHATASES IN BLOOD.

Concentration of fluoride obtained in water sources

The mean concentration of fluoride obtained in water sources was
1.3mg/1 with the highest concentration of 5.75mg/I obtained from a well
(P13) in Douvangar. The mean concentration in wells was 1.64mg/] and
that of boreholes was 1.02mg/1. This shows that there is more fluoride at
the surface than in deeper levels since bore holes are deeper but does not

exclude the fact that it is still high in boreholes. The fact that majority use
water from boreholes in search of potable water is a matter of concern.
However, a higher mean concentration of 2.22mg/l was seen in a study in
India [13]. This is due to the difference in the rock types bearing different
quantities of fluoride-bearing minerals. 30% of our samples exceeded
the WHO norm of fluoride levels which is similar to the study done by
Fantong et al., at the Mayo Tsanaga river basin which was 26.7% above
the WHO limit of 1.5 mg/1 [11]. Geological sources and fertilizers used in
agriculture can be the possible contributors of fluoride in groundwater in
our study whereas. Industrial input was absent due to lack of industries
in our area of study.

Concentration of fluoride in urine

The mean concentration of fluoride in urine obtained was 2.89-
+2.87 mg/] ranging from 0.05-14.35mg/1. The presence of fluorine in our
samples of urine reflects the fluorine exposure of our participants in our
area of study. The quantity of water we take in depends on the atmospheric
temperature; so extremely hot conditions present in our study area make
the inhabitants consume more water and thus accumulate fluoride more
than the normal range in the body. In 2016, Carmen et al reported a mean
concentration of 1.27 + 1.2 mg/1 [21] lower than what we obtained. This
is because of the difference in the study population, which included only
children. Fluoride excretion rate is considerably lower in children than
adults [22].

CONCLUSION

Our participants used water from boreholes, wells and river for
consumption and household activities. They used water mostly from bore
holes. Some used water from one source while others used water from
two or more sources. Thus, they used underground water for all their
different activities where water is implicated.

Our participants presented clinical features of chronic fluorine
poisoning with joint pains being the most experienced symptom by
majority of the participants. These clinical symptoms, precisely skeletal
deformities and immobilisation of joints were exacerbated by a lack
of milk consumption due to poor diet. Thus, troubles linked to bone
metabolism are frequent in this population.

The different water sources identified in our study are contaminated
with fluoride with many sources having concentrations of fluoride
superior to the safe limits of national and international norms. Fluoride
has been found to be eliminated in urine by the entire population. The
levels of fluoride in urine increased with age and eliminated more in men
than women. The levels of calcium and ALP showed majority of them
being hypocalceamic and having high ALP levels.
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