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ABSTRACT: Nakuru County in Kenya is a known fluoride endemic area. The region is
neighboured by fluoridated water bodies such as Lake Nakuru, Lake Naivasha, Lake
Elementaita, and other underground water sources. Unfortunately, these water
resources are frequently utilized by farmers as drinking water for their cattle and sheep.
However, there is hardly any information concerning fluoride toxicity in these livestock.
This gap informed this study to assess the prevalence of dental fluorosis in cattle and
sheep, grade the severity of teeth mottling, and assess the fluoride concentration in
assorted livestock feeds, faeces, and cattle milk in Nakuru County. A cross-sectional
survey involving on-site clinical examination of the cattle and sheep for dental fluorosis
was conducted in Gilgil, Njoro, Egerton, Naivasha, and Nakuru areas of the Nakuru
County. Grading was done according to Dean’s dental fluorosis index. A total of 549
animals was sampled, consisting of 242 cattle and 307 sheep. In addition, samples of
feeds, farm water, faeces, and cattle milk were collected alongside the dental survey.
The fluoride concentration estimation was determined using an ion selective electrode.
The data were statistically analyzed using SPSS, version 25, to get the prevalence rate
and the sample means. The findings showed that 86% of all the sampled cattle and
sheep had dental fluorosis. Of this, 1.5% were severe, 8.4% moderate, 45% mild, 31%
very mild, and 14.1% questionable based on Dean’s dental fluorosis index. The range of
the mean fluoride concentrations were: farm water 0.3-5.3 mg/L, feeds 21.6-26.9 mg/kg,
cattle milk 0.01-0.15 mg/L, and faeces 14.1-18.6 mg/kg. There were statistically
significant (p<0.05) differences in the fluoride levels in cattle milk and farm water
between the five sites. However, there was no statistically significant difference (p>0.05)
in the feed and faecal samples. It was further established that most animals were
affected during the early stages of their growth and were likely to progress to higher
dental fluorosis scores. It is therefore important to work on mitigation measures aimed
at reducing the effects of fluorosis in the livestock reared in this region.
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INTRODUCTION

Fluorine (F) is neither an essential trace element for humans nor necessary for
the development of healthy teeth and bones'and its toxicity remains a chronic health
challenge for livestock in many parts of the world.? It manifests primarily through
dental mottling, pitting, and excessive teeth wear.> Other malfunctions include
thyroid dysfunction, disruptions of blood sugar regulation, grazing difficulties, and
sometimes early death.* When unabated fluoride toxicity is present in livestock,
lower incomes and a diminished gross domestic product® are inevitable in developing
nations relying on livestock agriculture.® Natural fluoride sources include fluorotic
soils, ground water, phosphatic rocks, and gaseous fluoride from industrial
discharges.*
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Nakuru region in Kenya, Eastern Africa, lies inside a high-fluoride belt along the
great Eastern Africa Rift Valley.” Previous studies indicated a fluoride concentration
in most of the available water sources ranging from 1.0 to as high as 30 mg/L.®
Therefore, there is a high chance of vegetation contamination emanating from the
absorption of fluoride from soil and water.” Fluoride tolerance differs from one
animal to the other depending on factors such as age, species, breed, concentration
levels in feed, and exposure frequency.!? In addition, the physical and anatomical
structure of animals also affects the level of fluorosis. For instance, fluoride
absorption along the gut is experienced much more in large ruminants compared to
small ruminants.

Considerable study has been done in Nakuru County on the impact of fluoride on
humans'! with less attention being given to its effect on livestock, despite fears that
fluoride toxicity could devastate the flourishing livestock industry in the Coun‘[y.12

The aim of the current study was to study possible indicators of the fluoride burden
to the domesticated livestock in Nakuru county by assessing the prevalence and
severity of dental fluorosis in cattle and sheep and assessing the fluoride
concentration in assorted livestock feeds, faeces, and cattle milk in Nakuru County.

METHODOLOGY

Study site: Figure 1 shows a map of the study area of Nakuru County found along
the Kenyan Rift valley. Lowest altitude averages 1600—1800 m but it undulates to
2300-2400 m towards the Rift Valley escarpments. The county lies across the valley
from east to west. Approximately 1.8 million people live in Nakuru County.13 There
is fear of imminent consumption of contaminated livestock products that this
population could probably be exposed to on a regular basis.

Prevailing climate is 600—700 mm average annual rainfall at low altitudes and this
increases to 1800 mm in the surrounding highlands.14 The main land use forms
include arable farming and non-arable farming.'>

Site selection and dental survey.: The study site within Nakuru County was divided
into 4 sub counties that included Gilgil, Njoro, Naivasha, and Nakuru plus the
Egerton University demonstration farm. These regions were purposively chosen to
cover a geological transect across the Rift valley from eastern side (Naivasha) to the
central parts (Gilgil and Nakuru) and the western side (Njoro and Egerton). A
random number of cattle and sheep were selected from each farm and examined for
dental fluorosis on the anterior teeth. A total of 549 animals, which included 242
cattle and 307 sheep, were inspected. Dental grading for fluorosis was done
according to Dean’s dental fluorosis index.'® Information on age, farm water
samples, site feeds, faeces, and cattle milk were also collected. Surveys were done in
the mornings and evenings to minimize disruptions to the usual farm routines.
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Figure 1. Map of the study area
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RESULTS

4.1 Dental grade score distribution: The results for the grade score distribution of
the levels of fluorosis were as depicted in Table 1.

Table 1. Number of ruminants per region with dental fluorosis, using Dean’s dental fluorosis
index, for each grading score

Site Grading score Tota
0.5 1.0 20 3.0 4.0
(questionable)  (very mild) (mild) (moderate) (severe)
Egerton 24 49 110 13 1 197
Gilgil 10 54 39 - - 103
Naivasha 9 25 53 16 2 105
Nakuru 4 24 A4 1 4 77
Njoro 31 18 1 6 1 67
Total 78 170 247 8 549
% total 14.1 31.0 45.0 8.4 1.5 100

Table 1 showed a skewed distribution where the majority of the scores were within
the very mild (grade 1.0) to the mild (grade 2.0) scores. This trend was noticed in the
Egerton, Gilgil, Naivasha, and Njoro regions. In Nakuru, however, the data was
skewed towards the high values of grade scores (i.e., 3.0 and 4.0).

Figures 2-—7 show some of the photographs taken during the study. They represent
the different grading scales that were found at the study site.

Figure 3. Very mild fluorosed teeth with a
score of 1.0.

Figure 2. Questionable fluorosed teeth with
a score of 0.5.
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Figure 5. Severely fluorosed teeth with a
score of 4.0.

Figure 4. Mild fluorosed teeth with a score of
2.0.

Figure 7. Worn out teeth surfaces.

Figure 6. Severely fluorosed teeth with a
score of 4.0

There were significant differences in the occurrence of dental fluorosis in cattle
among the study locations (x2 = 82.442, df = 16, p<0.001). From the five sampling
sites of the cattle population, the dental fluorosis scores of grade 1.0 (36.9%) and 2.0
(29.9%) were the most prevalent followed by the score of 0.5 at 23.7% (Table 2).
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Table 2. Number of catfle per site with dental fluorosis, using Dean’s dental fluorosis index,
for each grading score

Site Grading score Total
0.5 1.0 20 3.0 4.0
(questionable)  (very mild) (mild) (moderate) (severe)
Egerton 23 24 33 - - 80
Gilgil 6 24 6 - - 36
Naivasha 9 14 8 3 - 34
Nakuru - 18 21 10 4 54
Njoro 19 9 4 6 - 38
Total 57 89 72 19 4 241
% total 23.7 36.9 2.9 7.9 1.7 100

There were significant age differences in the occurrence of dental fluorosis in cattle
among the study locations (32 = 43.143, df = 16, p<0.001). Five age cohorts, < 0.9
years, 1-1.9 years, 2-2.9 years, 3-3.9 years, and >3.9 years old cattle were
considered. The older cattle (>3.9 years age) were generally most affected by
fluorosis at 41.7%. However, 26.0% of the young animals, <0.9 months, were already
affected by fluorosis (Table 3).

Table 3. Dental fluorosis scores, using Dean’s dental fluorosis index, by agein cattle

Grading score Age (years) Total % total
<0.9 1-1.9 2-29 3-3.9 >3.9

0.5 19 17 6 6 9 57 80
1.0 23 12 4 43 89 36
2.0 20 10 2 4 37 73 34
3.0 1 6 - 2 10 19 54
4.0 - - - 2 2 4 38
Total 63 45 15 18 101 242

% total 26.0 18.6 6.2 7.4 41.7 100

There were significant differences in the occurrence of dental fluorosis in sheep
among the study locations (x2 =109.099, df = 16, p=0.001). The majority of sheep
(i.e., 83.1%) were affected within the grade scores of 2.0 (mild) and 1.0 (very mild).
However, the grade scores of 0.5 (questionable), 3.0 (moderate), and 4.0 (severe)
totalled 16.9% (Table 4).
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Table 4. Number of sheep per site with dental fluorosis, using Dean’s dental fluorosis index,
for each grading score

Site Grading score Total
0.5 1.0 20 3.0 4.0
(questionable)  (very mild) (mild) (moderate) (severe)

Egerton 1 25 77 13 1 117
Gilgil 4 31 3 - - 68
Naivasha - 11 45 13 2 71
Nakuru 4 5 12 1 - 22
Njoro 12 9 7 - 1 29
Total 21 81 174 27 4 307
% total 6.8 26.4 56.7 8.8 1.3 100

There were significant breed differences in the occurrence of dental fluorosis in the
sheep among the study locations (x2= 32.9764, df = 4, p=0.0071). All the sheep
breeds showed a skewed distribution towards the lower grade scores. Overall, 89.9%
sheep scored in the grades of 0.5 (questionable), 1.0 (very mild), and 2.0 (mild).
From the results, both the Corriedale and Doper breeds are more affected with dental
fluorosis than the indigenous Maasai and cross breed sheep (Table 5).

Table 5. Dental fluorosis scores, using Dean's dental fluorosis index, by sheep breed

Breed Grading score Total
0.5 1.0 20 3.0 4.0
(questionable)  (very mild) (mild) (moderate) (severe)
Corriedale 1 25 77 13 1 117
Dorper 13 29 67 13 3 125
Indigenous Maasai 4 6 9 1 - 20
Cross breed 3 21 21 - - 45
Total 21 81 174 27 4 307
% total 6.8 26.4 5.7 8.8 1.3 100

There were significant age differences in the occurrence of dental fluorosis among
the sheep at the study locations (x2= 28.233, df = 12, p=0.001). The comparisons
showed that a greater proportion of sheep (30.3%) were affected by dental fluorosis
at the ages below 9 months (Table 6).
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Table 6. Dental fluorosis scores, using Dean’s dental fluorosis index, by age in sheep

Grading score Age (years) Total % total
<0.9 1-1.9 2-29 3-3.9 >3.9

0.5 8 1 2 4 6 21 6.84
1.0 20 17 21 13 10 81 26.38
2.0 54 24 30 33 3 174 56.68
3.0 11 1 1 4 10 27 8.79
4.0 - 2 - 1 1 4 1.30
Total 93 45 54 55 60 307
% total 30.3 14.7 17.6 17.9 19.5 100

Figure 8 shows a comparison of the dental fluorosis scores between cattle and
sheep with the percentage populations of cattle and sheep at different grading scores.
4.0 = severe, 3.0 = moderate, 2.0 = mild, 1.0 = very mild, and 0.5 = questionable.
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=b=cattle 1.7 7.9 29.8 36.8 23.6
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Figure 8. Comparison of the cattle and sheep dental fluorosis scores in the study populations.
Dental fluorosis scores, using Dean’s dental fluorosis index: 4.0 = severe, 3.0 = moderate, 2.0
= mild, 1.0 = very mild, and 0.5 = questionable.

4.2 Fluoride levels in water: The fluoride concentrations in the drinking water on
the farms at the sampling locations are provided in Table 7. There were significant
(p<0.05) spatial variations in the levels of fluoride in water (F = 52.89, df =4, p =
0.001).
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Table 7. Fluoride concentrations in the water at the study areas

Sampling site Concentration (mg/L) + SEM (0.433)
Egerton 2.75°
Gilgil 0.36°
Naivasha 5.25°¢
Nakuru 2.27°
Njoro 0.25°
Overall mean 217

Means in the same column with different letters as
superscripts are significantly different (p<0.05).

4.3 Fluoride levels in different water sources: The mean concentrations of fluoride
in the groundwater at the sampling locations are provided in Table 8. There were
significant (p<0.05) spatial variations in the mean levels of fluoride in the water
sources (F =21.35, df =2, p<0.001).

Table 8. Mean fluoride concentrations in different water sources at the study areas

Sampling site Region Mean concentration (mg/L) £ SD
Borehole Naivasha, Nakuru, Egerton 3.62 +0.409
Rain water Gilgil 0.25 +£0.006
Tap water Njoro 0.43 +0.152

The mean concentrations are significantly different (p<0.05).

4.4 Fluoride levels in feeds: The concentration of fluoride in the assorted animal
feeds at the sampling locations are provided in Table 9.

Table 9. Mean fluoride concentrations in assorted mixed animal feeds
(roughages plus concentrates)

Sampling site Feed type Mean concentration (mg/kg)t SEM (4.29)
Egerton Indigenous grass and 21.70°
concentrates
Gilgil Napier, indigenous grass, Rhodes 26.88°
grass hay, maize stover,
Naivasha Indigenous grass plus legumes 21.84°
Nakuru Indigenous grass plus crop waste 22.70°
Njoro Maize silage plus indigenous 23.12°
grass
Overall mean 23.25

The means in the column with different superscripts are significantly different (p<0.05).
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4.5 Level of fluoride in faeces: The concentration of fluoride in faeces at the
sampling locations are provided in Table 10. There were no significant (p<0.05)
differences in fluoride levels in different faeces (F = 0.410, df =4, p = 0.798).

Table 10. Mean fluoride concentrations in faeces at the study areas

Sampling site Mean concentration (mg/kg) + SEM (3.53)
Egerton 17.78°
Gilgil 14.06%
Naivasha 18.58"
Nakuru 15.72®
Njoro 18.38°

The means in the column with the same superscripts are not
significantly different (p<0.05).

4.6 Fluoride concentrations in cattle milk: The concentration of fluoride in the
cattle milk at the sampling locations are provided in Table 11. There were significant
(p<0.05) differences in the levels of fluoride in the different milks (F = 8.101, df =4,
p = 0.112. High fluoride concentrations in milk occurred in Nakuru and Njoro with
Naivasha, Egerton, and Gilgil recording lower fluoride concentrations.

Table 11. Mean fluoride concentrations in the milk at the study areas

Sampling site Mean concentration (mg/L) + SEM (0.028)
Egerton 0.081
Gilgil 0.079
Naivasha 0.086
Nakuru 0.147
Njoro 0.107
Overall mean 0.1

The means are not significantly different (p<0.05).

DISCUSSION

5.1 The prevalence of dental fluorosis: On the whole, fewer animals (9.9%) were
found to suffer from moderate to severe dental fluorosis compared to the majority
(90.1%) which had mild, very mild, and questionable levels of severity (Table 1). The
most prevalent score was grade 2.0 (mild), an indication that majority of the animals
in Nakuru County were experiencing mild cases of dental fluorosis.

The photographs shown in Figures 2—7 confirmed the range of dental mottling
scores from very mild (1.0) to severe (4.0) which was reported in 85.9% of the total
animals sampled as shown in Table 1. Mottled and defective enamel in Nakuru
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County is believed to be as a result of ingestion of fluoridated drinking water and
feeds.

5.2 Site differences in dental fluorosis: The frequency of occurrence of dental
fluorosis in cattle and sheep were different among the sampled sites as depicted in
Tables 2 and 4, for cattle and sheep respectively. Probably, these could have been
caused by varied rainfall patterns, low slopes, altitude, and drainage patterns with
different soils all which define these different sites.!”

5.3 Dental score by age in cattle and sheep: The results in Tables 3 and 6 showed
that there was direct relationship between age and dental fluorosis. The majority of
cattle (42%) observed with dental fluorosis were aged more than 3.9 years followed
by 26% of younger animals aged less than 0.9 years old. In sheep, 30% of the animals
observed with dental fluorosis were less than 0.9 years old and 20% were greater than
3.9 years. In both species, the growing (<0.9 years) and mature (3 years and above)
animals were affected more than those of intermediate ages. Younger animals were
more susceptible to dental fluorosis because fluoride has a high affinity to calcium
enriched tissues and it is incorporated in developing teeth and bone during the
mineralization process.18 Furthermore, excess fluoride was evident in the cattle milk,
which perhaps could be an additional source of fluoride toxicity in the young ones. In
mature animals, i.e., 3 years and above, dental mottling and staining could have
accumulated over time from frequent feeding on fluoridated feeds.!® Variations in
dental fluorosis among the age groups could be an indication of seasonal effects on
farm water sources, forage leaves, and the consumption of plant fruits.>

5.4 Comparison of dental fluorosis among sheep breeds: Table 5 shows that both
cross breed and the indigenous Maasai sheep seem to be resistant to dental fluorosis.
As the fluorosis grades progressed, the number of Maasai and cross breeds in the
moderate (score of 3.0) to severe (score of 4.0) Dean’s grade scores was between
between one and zero. Differences in genetics causes bone cells to respond
differently to fluoride exposure. This is consistent with the results obtained by
Everett et al.”% on mice strains exposed to high fluoride concentration feeds.

5.5 Comparison of prevalence rate of dental fluorosis in both cattle and sheep: The
prevalence of dental fluorosis differed between the cattle and sheep as shown in
Figure 8. The trend was noticed even when the animals of the same or different age
groups were exposed to identical rearing conditions in the same farm. Cattle are
known to be highly affected with dental fluorosis?! compared to sheep. Furthermore,
cattle anatomical structures are well adapted to complex fluoride minerals'® and
more efficiently get rid of excess fluoride through saliva, milk and urine.?? This
explains why relatively high numbers of cattle were affected despite their total
number being less than that of sheep within each Dean’s grade scale. The
characteristic browsing of sheep allows them to feed on plant leaves, pods, and fruits
which are normally high in calcium, vitamin D, and C which are known to abate
fluoride toxicity.3

5.6 Fluoride concentrations in livestock feeds: The results shown in Tables 7, 8,
and 9 indicate the presence of a high concentration of fluoride in water and livestock
feeds. From the current study, the concentration of fluoride in water showed a
significant variation, ranging from the lowest mean concentration of 0.25 mg/L in
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Njoro to highest mean level of 5.25 mg/L in Naivasha (Table 7). The occurrence of a
high concentration of fluoride in Naivasha and Gilgil, in excess of 1.5 mg/L, has been
previously reported by Wambu and Muthakia® and is suspected to be as a result of the
volcanic topography associated with sodium bicarbonate ground water sources found
in Nakuru region. The forage and grass species are contributing factors regarding to
fluoride absorption and retention and the consequent levels of fluoride passed on
through the livestock food chain.?® Forage plants absorb fluoride from soils and
accumulate it mostly in the roots.”* Grazing and browsing livestock obtain high
fluoride concentrations from the forage roots and leaves? as well as a significant
proportion from the soil.?® The ingestion of fluoride-contaminated water is widely
recognized as causing significant levels of fluorosis in animals. In the study area,
most farmers practiced semi-zero grazing for dairy cows, a form of grazing in which
cattle are kept in enclosures some of the time and allowed outside to graze at other
times, while sheep were left entirely to graze with only a little supplemental feeding.
The low proportion of cattle showing dental fluorosis could be explained by these
feeding practices.

5.7 Fluoride concentration in cattle milk: A high concentration of fluoride in milk
occurred in Nakuru (0.147 mg/L) followed by Njoro (0.107 mg/L), Naivasha (0.086
mg/L), Egerton (0.081 mg/L), and Gilgil (0.079 mg/L) (Table 11). These results
could possibly be attributed to large amounts of contaminated drinking water and
forage feeds consumed by these animals to support their physiological status.”’ As a
consequence, more fluoride will be absorbed into the blood via gut membranes and
end up in milk.?® Studies have shown that natural ionic fluoride in bovine milk
ranges between 0.007 to 0.086 ppm.29 In the present study, the average fluoride
concentration from all sampling sites was 0.1 mg/L.

5.8 Fluoride concentration in faeces: Table 12 gave the fluoride concentration in
faeces. The feed and faecal fluoride concentrations differed by an average margin of
6.35 mg/kg. It is possible this amount was absorbed into the blood. There was a
possible digestibility of 27.5%. The body pH and type of feed consumed affects
fluoride absorption across the membrane in the digestive system and amount of
fluoride excreted from the body sys‘[em.28 The pH of ruminants varies from 5.5 in
the rumen®® to 2.2 in the abomasum.’! High pH values in the abomasum of
ruminants could result in less fluoride being absorbed into the body from the
gastrointestinal tract. In the current study, high fluoride concentration levels were
excreted through faeces in different locations with a mean of 16.9 mg/kg excreted.
Naivasha, which is known for its high fluoride concentration,® registered the highest
faecal fluoride concentration followed by Njoro, Egerton, and Nakuru. Gilgil had
lower concentrations.

CONCLUSIONS

Approximately, 86% of cattle and sheep were grappling with dental fluorosis.
About half of this percentage showed a fluorosis index of between very mild (score
1.0) and mild (score 2.0). There were variations with regard to dental fluorosis
between cattle and sheep. Cattle seemed to be more sensitive to dental fluorosis than
sheep. Age was also a key contributor to the level of dental fluorosis. The longer the
animals stayed in the farm, the more they got exposed to fluoride toxicity. There was
also breed variations in terms of dental fluorosis in sheep. Indigenous sheep were
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more tolerant of fluoride and less sensitive to dental fluorosis than exotic sheep.
Overall, the majority of the cattle and sheep are still affected with up to mild cases of
dental fluorosis but overtime they were likely to progress to more severe cases, if
mitigation measures were not put in place.

Significant fluoride concentration levels were found in animal feeds and water.
This study indicates that where the ground water is consumed, the exposure to
fluoride through feeds is about 1.7 times the exposure through water in Nakuru
County. On the whole, livestock relying on these feed sources are undoubtedly faced
with fluoride toxicity.

Faecal fluoride is an important bio-indicator of fluoride intake and retention within
the animal body. In the current study, high fluoride concentration levels were
excreted through faeces in different locations with a mean of 16.9 mg/kg.

The current study also found out an average fluoride concentration, from all
sampling sites, in cattle milk of 0.1 mg/L, which is greater than the recommended
range of 0.007 to 0.086 mg/L. The milk then is one of the contributing factors to
dental fluorosis among the immature animals.

RECOMMENDATIONS

This study established the presence of significant levels of fluoride concentration in
water and feeds. Therefore, it is important to sensitize livestock keepers on the need
to mitigate the effects of excessive fluoride on their livestock. Grains are known to
exhibit low fluoride levels and hence can be utilized more in animal feed rations.
Fluoride binders, such as calcium and aluminum, in sufficient amounts, can be
incorporated in commercial feeds and harvested fodder. Grazing and browsing
animals can be directed to areas with historically low fluoride levels in pastures and
fodder types. In addition to the other strategies, the provision of low fluoride water
sources, such as rainfall collection and piped water, can be encouraged.
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