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Abstract

Fluoride bioaccumulation in fish poses a significant impact on their growth, survival and
consequently to upper trophic levels. Few studies have reported the impacts of high fluoride
concentrations and their accumulation potential to catfish in African settings. A 60-day catfish
cultivation was conducted at Ngarenanyuki ward and the Nelson Mandela African Institution of
Science and Technology (NM-AIST) in Arusha, Tanzania to determine fluoride bioaccumulation
and its impacts to catfish growth and survival. Juvenile catfish were exposed to 36 mg F/L pond
water and synthetic water containing fluoride (NaF) concentrations of 5, 15, 36 and 45 mg/L in
aquaria set at NM-AIST laboratory. Fluoride concentrations in fish tissues were analysed by ion-
selective electrode. Fish survival rate was greater than 90% in < 36 mg/L fluoride levels compared
to 65.8% in 45 mg F/L aquarium. Significant fluoride bioaccumulation was observed in fish
bones (222.00 mg/kg, dry weight), gills (177.4 mg/kg), skin (9 mg/kg) and low amount in fillets
(1.467 mg/kg). Fluoride bioaccumulation significantly rose with fluoride levels increase and
exposure time (p = 0.000). The study concludes that high fluoride occurrence and its increased
exposure time increases fluoride bioaccumulation in African catfish. Therefore, growing catfish in
water containing > 45 mg F7/L requires defluoridation process.
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Introduction
Fluoride toxicity is one of the water quality
concerns, and many countries have been

al. 2018). Elsewhere in the world, a number of
studies have also indicated that fluoride
exposure reduces fish growth. Observations by

declared as endemic for fluoride (Roy and Dass
2013). While most of the water sources are said
to have naturally ideal water quality parameters
for aquaculture, there are areas with
exceptionally high fluoride concentrations.
Nevertheless, higher fluoride levels have been
reported to pose many health and socio-
economic problems in Tanzania (Mbabaye et

Singh and Tripathi (2015) showed that fluoride
concentrations (10, 25 and 60 mg/L)
significantly affected sturgeon fish growth and
survival.

Tanzania is one of the top ten countries in
the world with high fluoride groundwater
concentrations.  Others include Australia,
China, Ghana, India, Kenya, Sri Lanka, and the
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USA (Jagtap et al. 2012, Kimambo et al. 2019,
Rizzu et al. 2020, Addison et al. 2020). Central
and northeast regions of Tanzania, especially
Singida, Arusha, Shinyanga, Manyara, Mara
and Kilimanjaro, are highly affected by higher
fluoride levels in water sources (Malago et al.
2017, Thole et al. 2013). Ngarenanyuki ward in
Meru District of Arusha region is one of the
potential areas for African catfish culture in the
North-eastern part of Tanzania, where fluoride
levels reach up to 1103.70 mg/L (Mbabaye et
al. 2018). In these areas, ponds for culturing
catfish have been increasingly established and
filled up with waters from the nearby flowing
rivers containing elevated  fluoride levels
(Mbabaye et al. 2018).

Additionally, most studies conducted in
various parts of Africa including Tanzania,
have established the baseline information on
fluoride occurrences, removal technologies for
domestic use, and its impacts to human health
(Kut et al. 2016, Demelash et al. 2019,Addison
et al. 2020). However, limited information
exists on fluoride bioaccumulation, and
associated effects on growth and survival of
other organisms such as African catfish which
are mainly reared in different Tanzania regions.
Ghiglieri et al. (2010) reported on some crops
grown and irrigated with Ngarenanyuki river
water during the dry season in Ngarenanyuki
area that accumulated fluoride up to 26 mg/L.
Masawe et al. (2019) revealed that maize plants
grown in 116.93 mg F/L soil accumulated
mean fluoride (mg F/L) of 38.560, 24.251,
10.629, 7.7756 and 2.100 in the roots, leaves,
stem, grain and cob, respectively. In addition,
the bean plants grown in the 129.2 mg F/L soil
accumulated mean fluoride in roots, leaves and
stem up to 16.27, 11.328 and 8.459 mg F7/L,
respectively. Reported maize and bean grains
collected from Ngarenanyuki area contained
higher amounts of fluoride than other fluoride

endemic areas such as parts of Burundi, India
and Ethiopia (Rizzu et al. 2020). Rizzu et al.
(2020) revealed on possibilities for the fluoride
that accumulated in maize and beans crops to
be affiliated with fluoride levels in
Ngarenanyuki River and the increasing
phosphate fertiliser applications in the farms.
Since fluoride is already known to have
adverse effects on human health, it is of
paramount importance to extend research
interests on understanding the growth
performance and survival of commercially
important fish species farmed in this area, such
as African catfish. Based on this ground, the
present study was tailored to learn the fluoride
bioaccumulation possibilities, growth
performance, and survival of the African
catfish farmed in fluoride-rich waters in
different areas of Tanzania. The findings will
contribute to planning for various interventions
on addressing the impacts to various aquatic
organisms resulting from high levels of
fluoride occurrence and exposures and assisting
local fish producers to increase their production
significantly.

Materials and Methods

Study site

The experiment was carried out for 60 days at
Ngarenanyuki ward and the NM-AIST
laboratory, located in Arusha, Tanzania
(Figurel). A large part of Ngarenanyuki area is
dominated by alluvial deposits and volcanic
rocks (Ghiglieri et al. 2010). The aquifer in the
area and the associated underground rocks are
magmatic and metamorphic in nature with high
fluoride elements, which affect the high levels
of fluoride in most underground and surface
waters. Local communities utilise various
water sources in the area for numerous
domestic and agricultural activities, including
fish farming.
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Figure 1: A Map showing Ngarenanyuki ward's location and NM-AIST in Arusha region,
Tanzania, where the experiment was conducted. Source: NBS (2019).

Experimental set up

The first part comprised of four 3.375 m®
aquaria treatments set up at NM-AIST
laboratory (Figure 2 (a)) and the second part
was made of 36 mg F/L fish pond at
Ngarenanyuki secondary school in
Ngarenanyuki ward (Figure 2 (b)). To ensure
fish sample availability and avoid cannibalism
at the end of the experiment, one small
compartment of the same volume to aquaria
treatments was made using fishnets and
inserted in the large fish pond. Out of 4 aquaria
treatments, one control aquarium with 36 mg
F/L of similar fluoride concentrations to the

fish pond and other three treatments (5, 15 and
45 mg F/L) aquaria were set up at NM-AIST
laboratory. Bioaccumulation limiting factors
namely magnesium (Mg), calcium (Ca) and
chloride (CI') were determined from pond
waters prior to the experiment to ensure similar
fluoride bioaccumulation conditions in the
treatments similar to that of the fish pond. The
treatment aquaria were filled with multi-
element standard solutions prepared following
the dilution theory (Casellato et al. 2012) and
exchanged weekly to control favourable fish
growth conditions. These solutions contained
the similar concentrations of Mg (12.4 mg/L),
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Ca (134 mg/L) and CI” (191.43 mg/L)
throughout the treatments as were determined
from the fish pond but varied fluoride
concentrations in the order of 5, 15, 36 and 45

mg/L. All treatment aquaria sections were
supplied with air using RS Electrical Pump
(Model: RS 390) to ensure sufficient dissolved
oxygen (DO) levels for fish well-being.

Figure 2: (a) Aquaria treatments set at NM-AIST laboratory (b) fishnet compartment in the
Ngarenanyuki Secondary School fish pond.

Best aquaculture practices recommend 10 to 14
days for fish acclimatisation prior stocking
(Breves et al. 2011, Abdel-Hay et al. 2020,
Olaniyi 2020). Before stocking of catfish
fingerlings into the respective aquarium and
fish pond compartment, 150 two-month catfish
fingerlings reared below 1 mg/L fluoride water
from Moshi Municipality in Kilimanjaro region
were acclimatised to experimental conditions
for 14 days. The confirmation of the varied
fluoride levels was done using a fluoride ion-
selective electrode method. One hundred and
twenty fish fingerlings were stocked in the
aquaria treatment each with 30 fingerlings, and
the remaining 30 fingerlings out of 150
fingerlings collected were stocked in the fish
pond compartment.

Fish feed and feeding schedule

All fish were fed on industrial synthesised feed
pellets procured from TAZAMA Company
Limited based in Arusha city, Tanzania
throughout the experiment. The feed’s
nutritional composition was cereals (corn
wheat), fish meal, soya bean meal, fish oil,
amino acid, calcium phosphate, vitamins and
minerals,  anti-oxidant and  anti-mould.

Generally, the feed contained 40% of protein
and with no fluoride associated ingredients,
thus assumed to contribute similar fluoride
bioaccumulation trends as all catfish under
experiment were fed the same fish feed. During
the first month of the experiment, fish juveniles
required more protein to boost their growth and
thus were fed three times a day at 8.00 am,
12.00 pm and 4.00 pm at the rate of 10% of
their body weight, and after that reduced to 5%
of their body weight in the subsequent month
(Musiba et al. 2014).

Data collection and analysis

Water quality

Prior to the experimental setup, water samples
were collected from Ngarenanyuki fish pond
and transported to the NM-AIST Laboratory
for determination of fluoride levels and its
bioaccumulation limiting factors (hardness and
chloride).  Fluoride concentrations  were
determined  using  fluoride ion-selective
electrode method (APHA 2012, Harikumar et
al. 2017). Water hardness and chloride were
determined by using EDTA titrimetric method
and argentometric method, respectively. In
each aquarium section, water quality
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parameters (pH, DO, and temperature) were
recorded twice a day; at 09:00 am and 4:00 pm
using a pH meter (HANNA model No. HI
98128) and oxy-guard meter (HANNA model
No. HI 98186) (for oxygen and temperature).
Water samples were taken from Ngarenanyuki
fish pond and aquarium sections  weekly,
frozen at < -18 °C in the NM-AIST laboratory
where the analyses for ammonia and nitrite
concentrations were conducted using phenol
method (Parsons et al. 1972).

Growth and survival rate

Fish weight and length were measured
using a weighing balance (OHAUS-Explorer
124, Version 2.01/2.01) and a 30 cm-Fish data
ruler, respectively. After every 20 culturing
days; at 20", 40" and 60™ days, three catfish
samples were drawn from aquaria treatments
and fish pond, temporarily kept in the cooler
box and immediately taken to the laboratory for
weight and length measurements prior fluoride
concentration determination process.

To ensure noticeable changes in growth
performances, subsequent weight and length
were taken at the beginning of the experiment
and after every 20 culturing days ( Lima et al.
2011). Fish mortality was observed daily and
dead fish were scooped out of the treatment
sections.

To determine fish growth performance and
survival rate, fish growth parameters such as
weight gain (WG), average daily gain (ADG),
specific growth rate (SGR) and survival rate
(SR) were calculated by using the formulae as
applied in Nawanget al. (2019); WG=
Final weight (FW) — Initial weight(IW);
ADG = WG/Culturing days; SGR = (In FW —
In IW)/Culturing days x 100%; SR = Fish
number at the end of experiment/Fish number
at the start of the experiment x 100%).

Fluoride bioaccumulation

After every 20 culturing days; at 20", 40" and
60" days, three catfish samples from each
aquaria treatment and fish compartment in the
fish pond were randomly selected and dissected
to obtain bones, skin, gills and flesh or fillets

tissues for fluoride concentration
determination. All sample tissues were stored
at —80 °C until fluoride analyses were
conducted. The samples were then thawed,
dried for 6 hours at 105 °C and ground into
powders for fluoride concentration
determination (Shi et al. 2009). Fluoride
content in various tissues of each fish sample
and in respective treatment was determined
using fluoride ion-selective electrode method
(APHA 2012, Casellato et al. 2012).

Statistical analysis

Statistical differences in growth performance
and fish survival rates were examined using R
software (version 3.6.1) software. The data
were presented as mean + SE (Standard error
of the mean) in tabular and graphical formats.
Comparisons in water quality parameters
between treatments were tested using Analysis
of Variance (ANOVA) and/or Kruskal Wallis,
depending on data normality. On the other
hand, variations in  fluoride content
(bioaccumulation) between treatments and
between tissues were examined by the R
software using Multivariate Analysis of
Variance  (MANOVA).  Results  were
considered statistically significant at p < 0.05.

Results and Discussion
Water quality conditions

In all aquaria treatments and fish pond,
water temperatures varied from 17.59 °C to
27.28 °C. No significant difference in mean
temperature was observed between treatments
and fish pond (F = 0.051, p = 0.995). DO
varied from 6.89 mg/L to 7.76 mg/L. No
significant difference in DO was observed
between aquaria treatments but significantly
lower in the fish pond (Kruskal-Wallis x =
36.1, df = 4, p = 0.000). Similarly, pH in
aquaria treatments was more or less the same
(p > 0.05) but all being lower compared to that
in fish pond water (Kruskal-Wallis = 15.656,
df = 4, p = 0.004). In the present study, water
ammonia and nitrite concentrations were
observed to be very low, despite their
differences among treatments. In all
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treatments, nitrite and ammonia varied from
0.1756 mg/L to 0.3928 mg/L and 0.0008 mg/L
to 0.0056 mg/L, respectively, even though their
values were relatively higher in ponds
compared to that in experimental aquaria (p >
0.05). This might have been caused by
increased accumulation of fish feed, and debris
resulted from less water exchange frequency in
the fish pond. Fluoride concentration in the
Ngarenanyuki River was reported to range
between 26 and 30 mg/L (Malago et al. 2017,
Mbabaye et al. 2018). However, water from the
fish pond that was analysed during this study
was found to contain 36 mg F/L. The water
quality parameters recorded during the
experiment were found to be within the range
recommended for the Clarias gariepinus
rearing (Schram et al. 2010, Roques et al.
2015).

A similar observation to the recorded water
temperature, pH and DO during this study was
reported by Umaru et al. (2016) that recorded
water temperatures of 20.0 °C to 33.7 °C, pH
of 6.88 to 8.51 and the DO of 4.2 mg/L to 7.76
mg/L while rearing African catfish (Clarias
gariepinus) to  observe their  growth
performances. Previous researchers opined that
to prevent the risk of reduced growth and feed
intake in African catfish culture, water
ammonia should not exceed 0.34 mg/L
(Schram et al. 2010), while that of nitrite
should be less than 0.6 mg/L (Roques et al.
2015).

Effects of high fluoride levels on African
catfish growth

At the beginning of 60 culturing days of the
experiment, catfish weight and length were not
significantly different from each other in all
treatments (p > 0.05), albeit a significant

difference was observed among treatments at
the end of the experiment (p < 0.05) (Table 1).

Pairwise comparisons using Wilcoxon
rank-sum test indicated the highest ADG for
catfish reared at fluoride level of 5 mg/L,
compared to those raised at higher fluoride
levels aquaria and fish pond (p > 0.001). In
Figure 3 (b) while the 36 mg F/L fish pond
and 36 mg F /L experimental aquarium showed
no significant difference in ADG, lower ADG
values were recorded in catfish reared at 45 mg
F/L aquarium. Specific growth rate (SGR)
determined was found to be highest in catfish
raised in 5 mg F/L and 15 mg F7/L aquaria
compared to those reared at 36 mg F/L and 45
mg F/L waters as depicted in Figure 3 (c).
However, SGR was lowest in catfish grown at
45 mg F/L aquarium than 36 mg F/L
aquarium and fish pond. These findings align
with those reported by Shi et al. (2009) on
Siberian sturgeon (Acipenser baerii), which
showed better fish SGR at lower fluoride
concentrations, such as 3.1 mg/L and 0.26
mg/L, than those in higher fluoride levels such
as 7.8, 18.7, and 51.8 mg/L. Also, Chen et al.
(2013) observed that weight gain and specific
growth rate decreased significantly as a
function of both fluoride concentration and
exposure time in freshwater common carp
(Cyprinus carpio).

The findings in the present study indicate
decreasing WG, ADG and SGR with increasing
fluoride media concentrations and fluoride
bioaccumulation in catfish reared in both
aquaria and ponds. These findings are
supported by Kaur et al. (2017) and Nawang et
al. (2019) who also reported on the loss of
body weight in the freshwater catfish
Heteropneustes fossilis with increasing fluoride
concentrations.
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Table 1: The growth performance of catfish at different fluoride levels (Data source: Recorded
data from study experiment, N = 45)

Treatments
Growth n 5mgF/L 15mg F/L 36 mg F/L 36 mg F/L 45mg F/L
parameters aquaria aquaria aquaria fish pond aquaria
Initial mean body 19.92+1.03 19.89+1.11 19.88+1.49 19.87+0.68 19.9+0.88
weight (9)
Final mean body 15 53.98+0.96 44.06+0.67 43.59+1.51 43.52+0.98 38.06+1.35
weight @ 20 days
(9)
Final mean body 15  79.99+1.09 64.03+0.78 59.05+1.33 59.00+1.09 50.77+1.04
weight @ 40
days(g)
Final mean body 15 93.6+1.11 76.80+1.00 69.89+1.29 70.00+1.14 57.23+1.68
weight @ 60
days(g)
WG @ 20 days 34.06+0.37 24.1740.33 23.71+0.40 23.65+0.35 18.16+0.31
(9)
WG @ 40 days 26.01+0.69 19.97+0.57 15.46+0.55 15.48+0.69 12.71+0.48
(9)
WG @ 60 days 13.61+1.07 12.77£1.41 10.84+1.63 11.00£1.02 6.46+1.59
9
ADG @ 20 days 1.7030+0.02 1.2085+0.03 1.1855+0.04 1.1825+0.01 0.9080+0.01
9
ADG @ 40 days 1.3005+0.03 0.9985+0.04 0.7730+0.04 0.7740+0.06 0.6355+0.03
9
ADG @ 60 days 0.6805+0.09 0.6385+0.08 0.5420+0.09 0.5500+0.10 0.3230%0.07
9
SGR @ 20 days 0.0498+0.00 0.0398+0.00 0.0393+0.00 0.0392+0.00 0.0324+0.00
(%l/day) 0 0 0 1 0
SGR @ 40 days 0.0197+0.00 0.0187+0.00 0.0152+0.00 0.0152+0.00 0.0144+0.00
(%/day) 0 0 1 0 1
SGR @ 60 days 0.0079+0.00 0.0091+0.00 0.0084+0.00 0.0085+0.00 0.0060+0.00
(%/day) 1 0 6 3 4
Mean initial 16.05+1.07 16.06+1.04 16.05+1.04 16.05+1.06 16.05+1.03
length (cm)
Mean final 34.06+0.06 36.04+0.06 37.03+4.05 37.03+7.03  40.05%£10.02
length/fish (cm)
Length gain (cm) 18.01+1.65 19.98+1.48 20.98+1.57 20.98+1.61 24+1.63
Mean SR (%) 97.78 96.26 91.21 93.61 65.79
N 45

Note; WG: Weight gain, ADG: Average daily weight gain, SGR: Specific growth rate, SR: Survival
rate, n: Number of fish samples measured for determining changes in fish length and weight, N:
Total number of fish samples measured for recording and computing growth performance and

survival rate parameters.

478



Tanz. J. Sci. Vol. 47(2), 2021

200 N . T
= e o S
= 003 s g
= = \
:—3 0.02 ¥ B0 '\
“ oo @ \
404 AS
0.00 t
& i Rl & R K
i - & e - &
Time Time
Treatment = FSEX -@- FISEX =- F36EX - F36POND -9 F45EX

Figure 3: Growth performance of catfishes reared at different fluoride concentrations.

Note: Treatments abbreviated FSEX, F15EX, F36EX, F45EX, F36POND stand for 5,15,36, 45 mg
F/L aquarium and 36 mg F/L fish pond respectively, whereas WG: Weight gain, ADG: Average
daily weight gain, SGR: Specific growth rate, SR: Survival rate.

African catfish survival rates reared in
fluoride-rich water levels

At the end of 60 culturing days experiment,
treatments with 5 mg F/L and 15 mg F/L
were found to have a highest mean survival
rates of 97.8% and 96.3%, respectively and
slightly dropped to 91.2% and 93.6% in the 36
mg F7/L aquarium treatment and fish pond,
respectively (Figure 3 (d)). The results
indicated a fall in fish mean survival rate

(65.8%) in the 45 mg F/L treatment. The
average mean survival rate was 97.3% in the
early 20 culturing days, fell to 91.4% and
76.7% at the end of 40" and 60" culturing
days, respectively. Since the environmental and
dietary conditions were adequate throughout
the experiment, the reduced fish mean survival
rate might have been caused by increased
fluoride bioaccumulation trends as reflected in
Figure 4 (a) and (b). Additionally, 53% of fish
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mortalities that occurred during the last 20
culturing days of the experiment were recorded
in the 45 mg F/L aquarium followed by 36 mg
F/L aquarium (19.4%), 36 mg F/L fish pond
(13.8%), 15 mg F /L (8.3%) and lowest at 5 mg
F/L (5.5%) aquarium as seen in Figure 3 (d),
and these fish mortalities might have been
contributed by a significant increase of
bioaccumulation trends with an increase of
exposure time.

Fluoride bioaccumulation in different tissues
A two-way MANOVA test indicated
significant differences in fluoride tissue
concentrations  between  treatments  and
exposure time (Table 2 and 3). The highest
bioaccumulation levels were found during the
last 20 culturing days (between 40™ to 60"
culturing days) of the experiment in catfish

reared at 45 mg F/L. There was a great
fluoride bioaccumulation tendency in fish
bones followed by gills, skin and very rare in
the fish flesh and that bioaccumulation
significantly increased at 40" culturing day to
60" culturing day due to increasing exposure
time (Figure 4(a)). Generally, the level of
fluoride bioaccumulation to both catfish reared
in aquaria treatments, and fish ponds in
different tissues increased with increase in
fluoride media concentration and exposure time
(Figure 4(a) and (b)). A Tukey multiple
comparison of means indicated that the fish
reared in the pond with 36 mg F/L had
significant higher fluoride bioaccumulation in
all tissues compared to experimental aquaria in
5mg F/L, 15 mg F/L and 36 mg F /L, except
for 45 mg F/L aquarium (p = 0.000).

Table 2: Three-way ANOVA test for statistical differences in fluoride bioaccumulation levels

among tissues of the catfish

2
. Sum of Mean 2 partial T]
Predictor F p partial T 90% CI
Squares Square [LL, UL]
Time 83986.54 1  83986.54 39.24  0.000 0.66
Treatment 71499.86 4  17874.97 835  0.00 0.63 [0.28, 0.71]
Tissues 530007.19 3  176669.06 82.54  0.000 0.93 [0.84, 0.94]
Pme X 3025150 4 7562.88 353 0025 041 [0.04, 0.53]
reatment
Time X
T 59686.70 3  19895.57 9.30  0.000 058 [0.25, 0.68]
ISsues
Treatment 55049.24 12 4662.44 218  0.060 057 [0.00, 0.54]
X Tissues
Time X
Treatment 20691.84 12  1724.32 081 0642 033 [0.00, 0.24]
x Tissues
Error 42807.04 20  2140.35

Note: df, F, LL and UL represent the degrees of freedom, F-Statistic, lower-limit and upper-limit

of the partial n* confidence interval.
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Table 3: Mean concentration (mg F/kg dry weight, in Clarias gariepinus exposed to waterborne
fluoride for 60 culturing days. (Data source: Recorded data from study experiment) (N = 60)

Tissues Treatments Mean values (mg F/kg) n
Bone 5 mg F /L aquaria 119.09+0.55 3
15 mg F /L aquaria 156.46+61.52 3
36 mg F /L aquaria 233.38+155.48 3
36 mg F/L fish pond 234.01+£155.76 3
45 mg F /L aquaria 368.40+130.26 3
Fillets 5 mg F /L aquaria 0.28+0.06 3
15 mg F /L aquaria 0.41+0.03 3
36 mg F /L aquaria 1.64+1.35 3
36 mg F /L fish pond 2.14+1.49 3
45 mg F /L aquaria 2.86+2.05 3
Gills 5 mg F /L aquaria 112.03+0.04 3
15 mg F /L aquaria 114.66+0.66 3
36 mg F /L aquaria 206.66+124.31 3
36 mg F /L fish pond 207.51+124.99 3
45 mg F /L aquaria 244.82+135.32 3
Skin 5 mg F /L aquaria 7.95+0.36 3
15 mg F /L aquaria 9.62+0.96 3
36 mg F /L aquaria 39.10+£33.44 3
36 mg F /L fish pond 40.56+32.83 3
45 mg F /L aquaria 50.26+34.24 3

Note: The abbreviations, n stands for number of fish samples tested for fluoride bioaccumulation
into their tissue for every observation in each aquarium and fish pond, whereby N = total number
of fish samples tested for fluoride bioaccumulation into their tissues.

While studying the bioaccumulation of
fluoride in 4 tilapia fishes (Tilapia nilotica, T.
zilii, T. leucost and Micropterus salmoides)
from lakes of the Great Rift Valley in Kenya
(Gikunju et al. 1992) found high fluoride
concentrations ranging from 117 to 211 mg F~
/kg and from 1.3 to 3 mg F/kg in the fish
bones and fillets, respectively. Shi et al. (2009)
found a maximum fluoride concentration of
3204.4 mg kg in bones, 1401.2 mg kg in
cartilage, 100.1 mg kg in skin and 5.2 mg kg~
! in muscles of the Siberian sturgeon
(Acipenser baerii). Also, El-Said et al. (2015)
reported high fluoride contents in bones but
less in flesh tissues of the Egyptian Tilapia

nilotica. El-Said et al. (2015) findings also
support the present study's results suggesting
fluoride bioaccumulation resulted from the
aquatic medium.

It will be important to ensure well-known
water fluoride levels by fish growers in the area
to ensure high fish production reared from
elevated fluoride levels that can affect fish
growth and survival rates. Studies with
extended cultivation periods with more
observations need to be conducted to explore
other fluoride bioaccumulation possibilities,
and associated impacts on African catfish
reared in the fluoride-rich waters.
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Figure 4: Fluoride bioaccumulation in catfish tissues during the culturing period.
Note: The abbreviations "F5EX", "F15EX", "F36EX", and "F45EX", respectively represent
aquaria with 5 mg F/L, 15 mg F/L, 36 mg F/L and 45 mg F/L, while "F36POND" represents 36

mg F/L in fish pond.

Conclusion

The study found significant amounts of
fluoride bioaccumulated in catfish reared in
fluoride-rich waters. The fluoride
bioaccumulation trends increased with water
media fluoride concentrations and exposure
time. Significant differences in mean fluoride
bioaccumulation were revealed in Clarias
gariepinus tissues, the bones being the portions
of the fish with elevated amounts of fluoride
concentrations. High fluoride bioaccumulation

trends occurred at the last 20 culturing days as
compared to first 20 culturing days of the
experiment. The results revealed that catfish
growth and survival rates reared in 5 mg F/L
up to 36 mg F/L waters were not highly
affected compared to catfish grown above 45
mg F/L aquarium treatment waters. Based on
the present study's findings, it was concluded
that the occurrence of high levels of fluoride
waters in Ngarenanyuki area could accelerate
increasing fluoride bioaccumulation in African
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catfish and contribute to the reduced growth
and survival rate of catfish reared in the area.
The current study was conducted for only two
months due to time and budgetary constraints.
This short-time experimentation may have
affected revealing realities on the fluoride
bioaccumulation trends and levels in catfish. It
is therefore recommended that future studies
should extend the observation period for more
refined findings.
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