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ABSTRACT 

Biodiesel is an alternative fuel to mineral diesel. It is produced from abundant and easily 

available renewable resources of animal fats and vegetable oil. However, the cost of oil 

feedstock is the major obstacle towards production and commercialization of biodiesel. In 

this study, an economical and environmental friendly heterogeneous catalyst derived from 

Tamarindus indica fruit shells (TIFSs) was prepared by calcination method, and it was used 

in transesterification of Parinari curatellifolia seeds oil (PCSO) to produce biodiesel. The 

seeds were characterized by having high oil content 36.2%, which makes the feedstock a 

reasonable candidate for biodiesl production. 

The catalyst was prepared by calcination of TIFSs at 800 °C in muffle furnace for 3 hours to 

obtain Tamarindus indica fruit shells ash (TIFSA), a heterogeneous catalyst. Various 

techniques were used to analyze physicochemical properties of TIFSA. The catalyst exhibits 

high basic strength (pH>9.7), with the mesoporous structure  of pore diameter d = 3.2 nm, 

high specific area 378.2 m2/g, pore volume of 0.203 cm3/g and CaO crystals as a major 

active phase of the catalyst. The calcinated catalyst TIFSA was tested in the production of 

biodiesel through transesterification process using PCSO to obtain Parinari curatellifolia 

methyl ester (PCUME). During production, the best operating parameters were 5% wt. 

catalyst loading, 2 hours reaction time and 9:1 methanol to oil molar ratio with the maximum 

yield of 96.2%. In addition, the catalyst was easily separated and reused again four more 

times with biodiesel yield above 74%. 

Furthermore, the produced biodiesel was analyzed by Gas Chromatography-Mass 

Spectrometry (GC-MS) and composed mainly of unsaturated acids 63.6% and saturated acid 

36.39%. Also, fuel properties of produced PCUME were investigated as per ASTM methods 

and compared to ASTM D6751 standard limits and mineral diesel. Most of the determined 

fuel properties were observed to be in good agreement with the global standards. Therefore, 

Parinari curatellifolia seeds oil and Tamarindus indica fruit shell are ideal feedstock for low-

cost biodiesel and catalyst production respectively. 
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indicates that high fluoride conc entrations affe ct the level of glucose, lipid, protein, choleste rol 

and glycogen, wh ich play a great role in growth, reprodu ction and fish su rvival . Given the high 

fluoride conc entrations in the study area, these findings may be of gr eat economic implications as 

far as aquacult ur e pr actices are highly increasin g in the study area . Th e exp erienced ch an ges  in 

fluoride conc entrations due to geolo gical chan ges result ed from clima te stressors and other 

human activities particu larly agricult ure , houses and road const ruction  may potentially affe ct 

catfish production, not o nly in the study area bu t also in other fluoride rich re gions in the country.  

4.3 Survival Rates of Catfish Reared at Different Fluoride Levels  

At the end of 60 cult urin g days  of experiment, treatm ents with 5 �P�J���)�Ø���/��and 15  �P�J���)�Ø���/��we re 

found with high mean su rvival rate of 97.8  % and 96.3  % respe ctively �����:�K�L�O�H���L�Q���W�K�H���������P�J���)�Ø���/��

aquarium treatm ent and fish pond there was  a slight drop  to  91.2  % and 93.6  % respectively 

( Figure 10 (d) ) . The resul ts indicated a drop of fish mean survival rate ( 65.8  %) in the 45 �P�J���)�Ø���/��

treatm ent. The avera ge mean survival rate was found to be 97.3  % in the first 20 cult uring days, 

significantly dropped to 91.4  % and 76.7  % at the end of 40 t h  and 60 t h  cult uring days respectively.  

Similar findings were reported by  Parker (2020)  on inch rainbow trout ( Oncorhynchus mykiss)  

fish �W�K�D�W�� �L�Q�F�U�H�D�V�H�G�� �P�R�U�W�D�O�L�W�\�� �U�D�W�H�� �Z�L�W�K�L�Q�� �I�L�U�V�W�� ������ �K�R�X�U�V�� �Z�K�L�O�H�� �H�[�S�R�V�H�G�� �W�R�� ������ �P�J�� �)�Ø���/�� Since the 

environmental and dietary conditions wer e adequ ate throu ghout the experiment, the reduced fish 

mean survival rate migh t have been caused by the incre ased fluoride ac cumul ation in catfish 

( Figure 11 (a) & (b) ) . Additionally, 53  % of fish mortalities that occurred during the last 20 

cult uring days of th e experiment was reco rded in the 45 �P�J�� �)�Ø���/��aqu arium followed by 36 mg 

�)�Ø���/��aq ua rium (19.4  %), 36 �P�J���)�Ø���/��fish pond (13.8  %), 15 �P�J���)�Ø���/ (8.3  %) and very low at 5 

mg/ L (5.5  %) aquarium as seen in Figure 10 (d), and these fish morta lities might have been 

contributed by a significant increas e o f  bioaccu mul ation trends with an increase o f exposure 

time. Sharmin et al. (2013)  repo rted on the similar findin gs whe re by catfish ( Clarias batrachu s) 

�U�H�D�U�H�G�� �L�Q�� ������ ������ �D�Q�G�� ������ �P�J�� �)�Ø���/�� �V�X�U�Y�L�Y�H�G��throu ghout  the 120 culturin g days while those b eing 

exposed to 50 �P�J�� �)�Ø���/�� �U�H�V�X�O�W�L�Q�J�� �L�Q�W�R�� �������� �P�R�U�W�D�O�L�W�\�� �U�D�W�H���� �D�Q�G�� �H�[�W�U�H�P�H�O�\�� �V�H�U�L�R�X�V�� �Z�L�W�K�� ����������

�P�R�U�W�D�O�L�W�\�� �U�D�W�H�� �D�W�� ������ �P�J�� �)�Ø���/���� �2�I�� �P�R�U�H�� �L�P�S�R�U�W�D�Q�W����S harmin  et al. ( 2013)  reveal ed that catfish 

begun b ecomin g weak, sett ling on the ground of the rea ring container s and died as fluorid e 

�F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �L�Q�F�U�H�D�V�H�G�� �E�H�\�R�Q�G�� ������ �P�J�� �)�Ø���/�� In addition, Wright, (1977)  observed similar 

findings while rearing rainbow trout fish which recorded threshol d o f 50 % mortality under 8.5 

mg/ L fluoride exposure.  
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Table 4: Three-way ANOVA test for statistical differences in fluoride concentration levels 
among tissues of the catfish 

Predictor 
Sum 
of 
Squares 

df Mean 
Square F p partial ��

2 
partial ��

2  
90% CI 
[LL, UL]  

Time  83986.54  1 83986.54  39.24  .000  .66   
Treatm ent  71499.86  4 17874.97  8.35  .000  .63  [.28, .71]  
Tissues  530007.19  3 176669.06  82.54  .000  .93  [.84, .94]  
Time x 
Treatm ent  

30251.50  4 7562.88  3.53  .025  .41  [.04, .53]  

Time x 
Tissues  

59686.70  3 19895.57  9.30  .000  .58  [.25, .68]  

Treatm ent x 
Tissues  

55949.24  12 4662.44  2.18  .060  .57  [.00, .54]  

Time x 
Treatm ent x 
Tissues  

20691.84  12 1724.32  0.81  .642  .33  [.00, .24]  

Error  42807.04  20 2140.35      
Note. df, F, LL a nd U L rep r esent  the , degr ee o f free d o m, F - S tatistics, lo wer - limit and up p er - �O�L�P�L�W���R�I�� �W�K�H���S�D�U�W�L�D�O�� ��2 

confide nce interval, resp ec tively    

Table 5: Mean concentration (mg F/ kg dry weight) in Clarias gariepinus exposed to 
waterborne fluoride for 60 culturing days 

Treatments 
Tissues 

   Bone          Gills      Skin     Fillet 
F5EX   119 112 7.95  0.282  
 F15EX  156 115 9.62  0.411  
F36EX   233 207 39.1  1.64  
F36POND 234 208 40.6  2.14  
F45EX  368 245 50.3  2.86  
Mean (mg/L)  222.26  177.13  29.49  1.47  
T he  ab br eviations  " F5EX" ," F15EX" ," F36EX" ,  an d  " F45EX" ,  resp ec tively  rep r esen t  aq u aria  with  5 mg  �)�Ø���/�� 15 mg  
�)�Ø���/,  36 mg  �)�Ø���/ and  45 mg  �)�Ø���/ while  " F36POND"  repr esents  36 mg  �)�Ø���/ in  fish  po nd  
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Figure 11:  Fluoride bioaccumulation trends recorded during 60 culturing days of catfish  
exposed to different fluoride levels  

T h e ab br eviations " F5EX" ," F15EX" ," F36EX" , and " F45EX" , resp ec tively rep r esen t aq uaria with 5  �P�J���)�Ø���/����15 mg 
�)�Ø���/, 36  �P�J���)�Ø���/��and 45  �P�J���)�Ø���/��while " F36POND" repr esents 36  �P�J���)�Ø���/��in pond  

Other studies reported fl uoride bio ac cumul ation in body tissues in  oth er  fish after exposure  to 

waterborn e F luoride  (Gikunju et al ., 1991 ;  Camar go, 2003 ;  Shi et al., 2009; Aguirre - S ierra et al., 

2013; James et al., 2014) . While studying the bioaccumul ati on of fluo ride in 4 tilapia fishes 

( Tilapia nilotica,  T. zilii, T. leucost and  Micropterus salmoides )  from lak es of great Rift Vall ey in 

Kenya, Gikunju et al . ( 1991)  found high fluorid e concentr ation ran gin g fro m 117 to 211 mg F/kg 

and from  1.3 to 3 mg F/kg in the fish bones an d fillets respectively. Shi et al. (2009)  found a 

maximum fluoride concentr ation of 3204.4 mgk g - 1 in bones, 1401.2 mgkg - 1 in cartilage, 389.4 

mgk g - 1 , 100.1 mgk g - 1 in skin, 389.4 mgkg - 1 in skin and 5.2 mgkg - 1 in muscles of the Siberian 

sturgeon ( Acipenser baerii ). El - said and S adaawy  ( 2013)  �D�O�V�R���U�H�S�R�U�W�H�G���K�L�J�K�� �À�X�R�U�L�G�H���F�R�Q�W�H�Q�W�V���L�Q��

�E�R�Q�H�V���E�X�W���O�H�V�V���L�Q���À�H�V�K���W�L�V�V�X�H�V���R�I���W�K�H���(�J�\�S�W�L�D�Q��Tilapia nilotica.  These findings also support result s 

of the present study su ggesting fluoride bioa ccum ulation result ed from aquatic medium. Previous 
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studies reported hig h flu oride concentr ation up to 1103 mg/ L (Mbab aye et al. , 2018) , especially 

in the surf ace wat er sour ces which ar e also used for aqua cult ure. Ther efor e, the bioa ccumul ation 

of fluoride in the catfish f ound extreme levels of fluoride in the wildness is an important subj ect 

for future rese arch.  

In the present study ,  the fluoride bioaccumul ation in  fish fillets reared in 3 6 mg/ L was  found to 

be  2.14  mgk g - 1 . Since th e fillets are parts of the fish often con sumed by humans,  intake of 200 g 

fillet with 2.14 mg F/kg would provide 0.4 28 mg of fluoride , which is well below the maximum 

( 1.5  mg ) daily fluoride  intake considered as safe by th e  WHO and/or 4.0  mg by the  Tanzania 

Bure au of Stand ards (Mb abaye et al. , 2018) .  In or der to exceed 4.0  mg diet ary limit, ones need  to 

consum e o ver 800  g of fish fillet  containing 5.54 mg  F - k g - 1 as in 45  mg/ L reared fishes .   



31 

CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

The study found a significant fluoride bioa ccumul ation in catfishes reared in fluoride rich waters. 

The fluoride bioac cumu lation trends increas ed with water media fluoride concent ration and 

exposure time. Significant differen ce in mean flu oride bioaccu mul ation was revealed in Clarias 

gariepinus  tissues, the bones bein g the portion of the fish with elevat ed amount of fluoride 

concentr ations  followed by gills and very minute in the skin and to the fish flesh . High fluo ride 

bioaccumul ation trends occurr ed at the last 20 cult uring days as compar ed to first 20 cult uring 

days of the experiment. The result s reveal ed that catfish growth and survival rate reared in 5 up to 

36 �P�J�� �)�Ø���/��waters wer e not highly affe cted as compared to catfishes gro wn above 45 �P�J�� �)�Ø���/��

aquarium treatm ent waters.  Noticeabl e growth effe cts such as redu ced weight gain, redu ce d 

specific growth rate and survival rates that occu rr ed to catfishes under th e experiment increased 

with increas e of fluorid e conc entrations.  Based on the findin gs of t h e present study it was 

concluded that varying water fluoride levels in Ngaren anyuki area coul d potentially acc eler ate 

high fluoride bioaccumu lation in African catfish and contribute to reduce d growth and survival 

rate of catfish rear ed in the area.  

These findin gs will cer tainly ben efit aqu acult u re indus try in the area by providing guiding 

information on optimal growth rates of catfish that could brin g maximum profit.  Again, this study 

will contribute to more information towards several interventions that i s ongoin g to address the 

chall en ges asso ciated wit h high wat er fluoride occ urrenc es in the ar ea.  

5.2 Recommendations 

The pres ent study su ggests the following reco mm endations that would increas e knowled ge 

relevant for inc reasin g ca tfish  production in fluoride r ich regions in Tanzania and /or elsewhe re in 

the world :  

(i)  The pres ent study consis ted cat fish rea ring at the fish pond with +/ - 36 mg/ L throu gh out  

the experiment. The bas eline wat er qu ality data for th e pr esent study as ref err ed from 

previous studies indicate d  lower fluo ride con cent ration of 28.6 mg/ L of the river strea m 

feedin g the fish pond. Thus, it is important to conduct a long - ter m  water qu ality 

monitoring of at least 3 to 5 years to explore on the temporal fluoride level changes. This 

will contribute to increas ed understandin g and kn owledge of fluoride level concentr ation 
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which might be us ed fo r agricult ur al and fishing activities ad aption and thus result into 

high yield.  

(ii)  Fluoride occur renc es highly  documented in the region su ggests geolo gical rocks to be  the 

source of high fluoride levels in waters. However, the observe d  farming activities with the 

use of pesticides might  have contributed to the inc reased trends of fluoride  in the ar ea. It is 

thus very important to cond uct a study and ass ess the fluoride ratio in waters contributed 

by the us e of pesticides in the re gion.  

(iii)  The curr ent study assess ed the effe ct of fluorides on growth pe rforman ce and survival rate 

of the catfish ( Clarias gariepinus ) for only 60 days. Furth er studies should be carried out 

to p rolong th e cult ur e p eriod until fish es  rea ch t heir mark etable size to confirm whethe r 

there is any depr ession or improvement on gro wth perform ance and su rvival rate o f th e 

fish .  

(iv)  The pr esent study asses sed  fluoride bioac cumul ation in fish rear ed up t o maxim um of 

fluoride water level co ncentration of to 4 5 mg/ L  only . Given the high variability in 

fluoride con centr ation among the wat er bodies in the study area, f u rther efforts shoul d b e 

made t o identify th e maximum fluoride level for survival and growth o f the  catfish .  It is 

recomm ended that de flo uridation  of  fish pond shoul d be conducted to kee p fluoride level 

quite below 5mg/ L fo r aq uacult ure pro fitability.  
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APPENDICES 

Appendix 1: Multiple comparison test for difference in mean fluoride concentrations 
between treatments, time and tissues 

These table show detail ed information of mul tiple comparison of fluoride ac cumul ated valu es  

(mg/k g)  betw een tissues , treatm ents and exposur e time. Of more important differenc es betwee n 

tissues, treatm ents  and exposure time were rec orded. Lower and upper  fluoride accumul ate d 

values betw een the compared tissues, tre atm ents and par ameters were also record ed as se en in th e 

table. Alon g every comp arison, p values were rec orded.  Gener ally, the mu ltiple comparison was  

conducted fo r five cate gories including  exposure time against  treatm ent interactions, exposure 

time against  tissues interactions,  tissues, exposure times and treatm ents.  

Between treatments 

 
diff lwr upr p.adj 

F36EX - F15EX  49.908723  - 23.42017369  123.2376197  0.317329  
F36POND - F15EX  50.76492684  - 22.56396986  124.0938235  0.300774  
F45EX - F15EX  96.29295462  22.96405793  169.6218513  0.004458  
F5EX - F15EX  - 10.45154186  - 83.78043855  62.87735483  0.9942 52 
F36POND - F36EX  0.856203831  - 72.47269286  74.18510052  1 
F45EX - F36EX  46.38423161  - 26.94466508  119.7131283  0.390692  
F5EX - F36EX  - 60.36026487  - 133.6891616  12.96863183  0.152741  
F45EX - F36POND  45.52802778  - 27.80086891  118.8569245  0.409659  
F5EX - F36POND  - 61.21 64687 - 134.5453654  12.11242799  0.142843  
F5EX - F45EX  - 106.7444965  - 180.0733932  - 33.41559979  0.001292  

 
Between Time 

Days diff lwr upr p.adj 
40- 20 6.635705866  - 41.26633028  54.53774202  0.940227  
60- 20 85.52575589  36.98235057  134.0691612  0.000266  
60- 40 78.8 9005002 29.7735744  128.0065256  0.000881  

 
Between tissues 

Tissues diff lwr upr p.adj 
Fillet - Bon e  - 226.5429273  - 288.1386711  - 164.9471836  0 
Gills - Bone  - 50.8715761  - 112.4673199  10.72416766  0.138686  
Skin - Bone  - 198.5113789  - 260.1071226  - 136.9156351  1.30E - 10 
Gills - Fillet  175.6713512  114.0756075  237.267095  4.45E - 09 
Skin - Fillet  28.03154847  - 33.56419529  89.62729224  0.623841  
Skin - Gills  - 147.6398028  - 209.2355465  - 86.044059  3.44E - 07 

 
Time x tissues interaction 

 
diff lwr upr p.adj 
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40 Days:Bone - 20 Days: Bone  43. 76315 - 84.3161  171.8424  0.98866859  
60 Days:Bone - 20 Days: Bone  247.076  110.5431  383.6089  7.27E - 06 
20 Days:Fillet - 20 Days: Bone  - 141.16  - 269.24  - 13.0811  0.019505078  
40 Days:Fillet - 20 Days: Bone  - 140.572  - 268.652  - 12.4931  0.020383687  
60 Days:Fillet - 20 Days: B one  - 139.252  - 267.331  - 11.1727  0.022490945  
20 Days:Gills - 20 Days:Bone  - 8.89175  - 136.971  119.1875  0.999999999  
40 Days:Gills - 20 Days:Bone  - 9.05261  - 137.132  119.0266  0.999999998  
60 Days:Gills - 20 Days:Bone  123.9738  - 4.10537  252.053  0.065958432  
20 Days:S kin - 20 Days:Bone  - 126.185  - 254.265  1.893762  0.056882544  
40 Days:S kin - 20 Days:Bone  - 121.583  - 249.662  6.496562  0.077157387  
60 Days:S kin - 20 Days:Bone  - 89.1218  - 217.201  38.95736  0.432421915  
60 Days:Bone - 40 Days: Bone  203.3129  61.42373  345.202  0.000595208  
20 Da ys:Fillet - 40 Days: Bone  - 184.923  - 318.698  - 51.1491  0.001047483  
40 Days:Fillet - 40 Days: Bone  - 184.335  - 318.11  - 50.5611  0.001099788  
60 Days:Fillet - 40 Days: Bone  - 183.015  - 316.789  - 49.2407  0.001226636  
20 Days:Gills - 40 Days:Bone  - 52.6549  - 186.429  81.11947  0.96 7117965 
40 Days:Gills - 40 Days:Bone  - 52.8158  - 186.59  80.95861  0.966397589  
60 Days:Gills - 40 Days:Bone  80.21069  - 53.5637  213.9851  0.652581673  
20 Days:S kin - 40 Days:Bone  - 169.949  - 303.723  - 36.1742  0.003535595  
40 Days:S kin - 40 Days:Bone  - 165.346  - 299.12  - 31.5 714 0.00507977  
60 Days:S kin - 40 Days:Bone  - 132.885  - 266.659  0.889377  0.052998222  
20 Days:Fillet - 60 Days: Bone  - 388.236  - 530.126  - 246.347  1.19E - 10 
40 Days:Fillet - 60 Days: Bone  - 387.648  - 529.537  - 245.759  1.25E - 10 
60 Days:Fillet - 60 Days: Bone  - 386.328  - 528.21 7 - 244.439  1.39E - 10 
20 Days:Gills - 60 Days:Bone  - 255.968  - 397.857  - 114.079  7.78E - 06 
40 Days:Gills - 60 Days:Bone  - 256.129  - 398.018  - 114.239  7.67E - 06 
60 Days:Gills - 60 Days:Bone  - 123.102  - 264.991  18.78696  0.146801214  
20 Days:S kin - 60 Days:Bone  - 373.261  - 515. 151 - 231.372  4.08E - 10 
40 Days:S kin - 60 Days:Bone  - 368.659  - 510.548  - 226.77  5.96E - 10 
60 Days:S kin - 60 Days:Bone  - 336.198  - 478.087  - 194.309  8.82E - 09 
40 Days:Fillet - 20 Days: Fillet  0.588012  - 133.186  134.3624  1 
60 Days:Fillet - 20 Days: Fillet  1.908415  - 131.866  135.6828  1 
20 Days:Gills - 20 Days:Fillet  132.2686  - 1.50578  266.043  0.055168025  
40 Days:Gills - 20 Days:Fillet  132.1077  - 1.66664  265.8821  0.055746956  
60 Days:Gills - 20 Days:Fillet  265.1342  131.3598  398.9085  9.17E - 07 
20 Days:S kin - 20 Days:Fillet  14.97489  - 118.799  148.7493  0.999999769  
40 Days:S kin - 20 Days:Fillet  19.57769  - 114.197  153.3521  0.999996146  
60 Days:S kin - 20 Days:Fillet  52.03849  - 81.7359  185.8129  0.969773351  
60 Days:Fillet - 40 Days: Fillet  1.320403  - 132.454  135.0948  1 
20 Days:Gills - 40 Days:Fillet  131. 6806 - 2.09379  265.4549  0.057310169  
40 Days:Gills - 40 Days:Fillet  131.5197  - 2.25466  265.2941  0.057908742  
60 Days:Gills - 40 Days:Fillet  264.5462  130.7718  398.3205  9.67E - 07 
20 Days:S kin - 40 Days:Fillet  14.38688  - 119.387  148.1612  0.999999849  
40 Days:S kin - 40 D ays:Fillet  18.98968  - 114.785  152.764  0.999997192  
60 Days:S kin - 40 Days:Fillet  51.45048  - 82.3239  185.2248  0.97215493  
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20 Days:Gills - 60 Days:Fillet  130.3602  - 3.4142  264.1345  0.062387394  
40 Days:Gills - 60 Days:Fillet  130.1993  - 3.57506  263.9737  0.063031953  
60 Days:Gills - 60 Days:Fillet  263.2258  129.4514  397.0001  1.09E - 06 
20 Days:S kin - 60 Days:Fillet  13.06648  - 120.708  146.8408  0.999999946  
40 Days:S kin - 60 Days:Fillet  17.66928  - 116.105  151.4436  0.999998676  
60 Days:S kin - 60 Days:Fillet  50.13008  - 83.6443  183.9044  0.976989127  
40 Days:Gills - 20 Days:Gills  - 0.16086  - 133.935  133.6135  1 
60 Days:Gills - 20 Days:Gills  132.8656  - 0.90878  266.64  0.053065365  
20 Days:S kin - 20 Days:Gills  - 117.294  - 251.068  16.48067  0.137040826  
40 Days:S kin - 20 Days:Gills  - 112.691  - 246.465  21.08347  0.176298951  
60 Days:S kin - 20 Days:Gills  - 80.2301  - 214.004  53.54427  0.652251726  
60 Days:Gills - 40 Days:Gills  133.0264  - 0.74792  266.8008  0.052511001  
20 Days:S kin - 40 Days:Gills  - 117.133  - 250.907  16.64154  0.138285381  
40 Days:S kin - 40 Days:Gills  - 112.53  - 246. 304 21.24434  0.177811686  
60 Days:S kin - 40 Days:Gills  - 80.0692  - 213.844  53.70514  0.654985136  
20 Days:S kin - 60 Days:Gills  - 250.159  - 383.934  - 116.385  3.52E - 06 
40 Days:S kin - 60 Days:Gills  - 245.556  - 379.331  - 111.782  5.33E - 06 
60 Days:S kin - 60 Days:Gills  - 213.096  - 346.87  - 79.3213  9.46E - 05 
40 Days:S kin - 20 Days:S kin  4.6028  - 129.172  138.3772  1 
60 Days:S kin - 20 Days:S kin  37.0636  - 96.7108  170.838  0.998060593  
60 Days:S kin - 40 Days:S kin  32.4608  - 101.314  166.2352  0.999419948  

Time x treatment interaction 

 
diff  lwr  upr  p.adj 

40 Days:F15EX - 20 Days:F15EX  1.716632  - 313.745  317.1783  1 
60 Days:F15EX - 20 Days:F15EX  28.02058  - 287.441  343.4822  1 
20 Days:F36EX - 20 Days:F15EX  7.17522  - 308.286  322.6369  1 
40 Days:F36EX - 20 Days:F15EX  22.11745  - 293.344  337.5791  1 
60 Days:F36EX - 20 Da ys:F15EX  150.1707  - 165.291  465.6324  0.91994318  
20 Days:F36POND - 20 Days: F15EX  7.990315  - 307.471  323.452  1 
40 Days:F36POND - 20 Days: F15EX  22.88557  - 292.576  338.3472  1 
60 Days:F36POND - 20 Days: F15EX  151.1561  - 164.306  466.6177  0.916240198  
20 Days:F45EX - 20 Da ys:F15EX  52.77441  - 262.687  368.236  0.99999872  
40 Days:F45EX - 20 Days:F15EX  76.5681  - 238.894  392.0297  0.999876066  
60 Days:F45EX - 20 Days:F15EX  189.2736  - 126.188  504.7352  0.695225541  
20 Days:F5EX - 20 Days: F15EX  11.36265  - 287.911  310.6358  1 
40 Days:F5EX - 20 D ays: F15EX  - 0.50743  - 315.969  314.9542  1 
60 Days:F5EX - 20 Days: F15EX  - 20.4177  - 361.155  320.3198  1 
60 Days:F15EX - 40 Days:F15EX  26.30395  - 289.158  341.7656  1 
20 Days:F36EX - 40 Days:F15EX  5.458588  - 310.003  320.9202  1 
40 Days:F36EX - 40 Days:F15EX  20.40082  - 295.0 61 335.8625  1 
60 Days:F36EX - 40 Days:F15EX  148.4541  - 167.008  463.9157  0.9261344  
20 Days:F36POND - 40 Days: F15EX  6.273683  - 309.188  321.7353  1 
40 Days:F36POND - 40 Days: F15EX  21.16894  - 294.293  336.6306  1 
60 Days:F36POND - 40 Days: F15EX  149.4395  - 166.022  464.901 1 0.922620687  
20 Days:F45EX - 40 Days:F15EX  51.05777  - 264.404  366.5194  0.999999163  
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40 Days:F45EX - 40 Days:F15EX  74.85147  - 240.61  390.3131  0.999904907  
60 Days:F45EX - 40 Days:F15EX  187.5569  - 127.905  503.0186  0.707801468  
20 Days:F5EX - 40 Days: F15EX  9.646014  - 289.627  308.9192  1 
40 Days:F5EX - 40 Days: F15EX  - 2.22406  - 317.686  313.2376  1 
60 Days:F5EX - 40 Days: F15EX  - 22.1343  - 362.872  318.6032  1 
20 Days:F36EX - 60 Days:F15EX  - 20.8454  - 336.307  294.6163  1 
40 Days:F36EX - 60 Days:F15EX  - 5.90313  - 321.365  309.5585  1 
60 Days :F36EX - 60 Days:F15EX  122.1501  - 193.312  437.6118  0.984324375  
20 Days:F36POND - 60 Days: F15EX  - 20.0303  - 335.492  295.4314  1 
40 Days:F36POND - 60 Days: F15EX  - 5.13501  - 320.597  310.3266  1 
60 Days:F36POND - 60 Days: F15EX  123.1355  - 192.326  438.5972  0.983181665  
20 Da ys:F45EX - 60 Days:F15EX  24.75382  - 290.708  340.2155  1 
40 Days:F45EX - 60 Days:F15EX  48.54752  - 266.914  364.0092  0.999999564  
60 Days:F45EX - 60 Days:F15EX  161.253  - 154.209  476.7146  0.871968017  
20 Days:F5EX - 60 Days: F15EX  - 16.6579  - 315.931  282.6153  1 
40 Days:F5E X - 60 Days: F15EX  - 28.528  - 343.99  286.9336  1 
60 Days:F5EX - 60 Days: F15EX  - 48.4383  - 389.176  292.2992  0.999999845  
40 Days:F36EX - 20 Days:F36EX  14.94223  - 300.519  330.4039  1 
60 Days:F36EX - 20 Days:F36EX  142.9955  - 172.466  458.4571  0.943671549  
20 Days:F36POND - 20 Days: F36EX  0.815096  - 314.647  316.2767  1 
40 Days:F36POND - 20 Days: F36EX  15.71036  - 299.751  331.172  1 
60 Days:F36POND - 20 Days: F36EX  143.9809  - 171.481  459.4425  0.940743122  
20 Days:F45EX - 20 Days:F36EX  45.59919  - 269.862  361.0608  0.999999807  
40 Days:F45EX - 20 D ays:F36EX  69.39288  - 246.069  384.8545  0.999961318  
60 Days:F45EX - 20 Days:F36EX  182.0984  - 133.363  497.56  0.746631165  
20 Days:F5EX - 20 Days: F36EX  4.187426  - 295.086  303.4606  1 
40 Days:F5EX - 20 Days: F36EX  - 7.68265  - 323.144  307.779  1 
60 Days:F5EX - 20 Days: F36EX  - 27.5929  - 368.33  313.1446  1 
60 Days:F36EX - 40 Days:F36EX  128.0533  - 187.408  443.5149  0.976481276  
20 Days:F36POND - 40 Days: F36EX  - 14.1271  - 329.589  301.3345  1 
40 Days:F36POND - 40 Days: F36EX  0.768124  - 314.694  316.2298  1 
60 Days:F36POND - 40 Days: F36EX  129.0387  - 186.423  444.5003  0.974923537  
20 Days:F45EX - 40 Days:F36EX  30.65695  - 284.805  346.1186  0.999999999  
40 Days:F45EX - 40 Days:F36EX  54.45065  - 261.011  369.9123  0.999998091  
60 Days:F45EX - 40 Days:F36EX  167.1561  - 148.306  482.6178  0.840821798  
20 Days:F5EX - 40 Days: F36EX  - 10.7548  - 310.028  288.5184  1 
40 Days:F5EX - 40 Days: F36EX  - 22.6249  - 338.087  292.8368  1 
60 Days:F5EX - 40 Days: F36EX  - 42.5352  - 383.273  298.2024  0.999999972  
20 Days:F36POND - 60 Days: F36EX  - 142.18  - 457.642  173.2812  0.94601669  
40 Days:F36POND - 60 Days: F36E X  - 127.285  - 442.747  188.1765  0.977643617  
60 Days:F36POND - 60 Days: F36EX  0.985392  - 314.476  316.447  1 
20 Days:F45EX - 60 Days:F36EX  - 97.3963  - 412.858  218.0653  0.99822954  
40 Days:F45EX - 60 Days:F36EX  - 73.6026  - 389.064  241.859  0.999921983  
60 Days:F45EX - 60 Days :F36EX  39.10286  - 276.359  354.5645  0.999999975  
20 Days:F5EX - 60 Days: F36EX  - 138.808  - 438.081  160.4651  0.933387163  
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40 Days:F5EX - 60 Days: F36EX  - 150.678  - 466.14  164.7835  0.918049945  
60 Days:F5EX - 60 Days: F36EX  - 170.588  - 511.326  170.1491  0.887792039  
40 Days:F 36POND - 20 Days: F36POND  14.89526  - 300.566  330.3569  1 
60 Days:F36POND - 20 Days: F36POND  143.1658  - 172.296  458.6274  0.943172787  
20 Days:F45EX - 20 Days:F36POND  44.78409  - 270.678  360.2457  0.999999848  
40 Days:F45EX - 20 Days:F36POND  68.57778  - 246.884  384.0394  0.99 9966449 
60 Days:F45EX - 20 Days:F36POND  181.2833  - 134.178  496.7449  0.752257816  
20 Days:F5EX - 20 Days: F36POND  3.372331  - 295.901  302.6455  1 
40 Days:F5EX - 20 Days: F36POND  - 8.49775  - 323.959  306.9639  1 
60 Days:F5EX - 20 Days: F36POND  - 28.408  - 369.146  312.3295  1 
60 Days:F36POND - 40 Days: F36POND  128.2705  - 187.191  443.7322  0.976144307  
20 Days:F45EX - 40 Days:F36POND  29.88883  - 285.573  345.3505  0.999999999  
40 Days:F45EX - 40 Days:F36POND  53.68252  - 261.779  369.1442  0.999998407  
60 Days:F45EX - 40 Days:F36POND  166.388  - 149.07 4 481.8496  0.84508638  
20 Days:F5EX - 40 Days: F36POND  - 11.5229  - 310.796  287.7503  1 
40 Days:F5EX - 40 Days: F36POND  - 23.393  - 338.855  292.0686  1 
60 Days:F5EX - 40 Days: F36POND  - 43.3033  - 384.041  297.4342  0.999999965  
20 Days:F45EX - 60 Days:F36POND  - 98.3817  - 413.843  217.0799  0.998034838  
40 Days:F45EX - 60 Days:F36POND  - 74.588  - 390.05  240.8736  0.999908762  
60 Days:F45EX - 60 Days:F36POND  38.11747  - 277.344  353.5791  0.999999982  
20 Days:F5EX - 60 Days: F36POND  - 139.793  - 439.067  159.4797  0.929925617  
40 Days:F5EX - 60 Days: F36PO ND  - 151.664  - 467.125  163.7981  0.914290699  
60 Days:F5EX - 60 Days: F36POND  - 171.574  - 512.311  169.1637  0.883565558  
40 Days:F45EX - 20 Days:F45EX  23.79369  - 291.668  339.2553  1 
60 Days:F45EX - 20 Days:F45EX  136.4992  - 178.962  451.9608  0.960489395  
20 Days:F5EX - 20 Da ys: F45EX  - 41.4118  - 340.685  257.8614  0.999999892  
40 Days:F5EX - 20 Days: F45EX  - 53.2818  - 368.743  262.1798  0.999998553  
60 Days:F5EX - 20 Days: F45EX  - 73.1921  - 413.93  267.5454  0.999970963  
60 Days:F45EX - 40 Days:F45EX  112.7055  - 202.756  428.1671  0.992466627  
20 Day s:F5EX - 40 Days: F45EX  - 65.2055  - 364.479  234.0677  0.999965524  
40 Days:F5EX - 40 Days: F45EX  - 77.0755  - 392.537  238.3861  0.999866178  
60 Days:F5EX - 40 Days: F45EX  - 96.9858  - 437.723  243.7517  0.999254231  
20 Days:F5EX - 60 Days: F45EX  - 177.911  - 477.184  121.3623  0.70796 4213 
40 Days:F5EX - 60 Days: F45EX  - 189.781  - 505.243  125.6806  0.691479134  
60 Days:F5EX - 60 Days: F45EX  - 209.691  - 550.429  131.0462  0.658851514  
40 Days:F5EX - 20 Days: F5EX  - 11.8701  - 311.143  287.4031  1 
60 Days:F5EX - 20 Days: F5EX  - 31.7804  - 357.588  294.027  0.999999 999 
60 Days:F5EX - 40 Days: F5EX  - 19.9103  - 360.648  320.8272  1 
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Appendix 2: Raw data of fluoride bioaccumulation values recorded during three 

different analysis periods undertaken during of 60 culturing days 

R ecorded data und er a p pendix 2 were taken during data an alysis for flu oride bioaccumul ation  

values (m g/k g) durin g th e pres ent study . In det ail, the table shows all re cod ed data du ring the first 

20th cult uring days  reco rded as 1st analysis  pha se  followed by data an alysis condu c ted at 40th  

cult uring day record ed as 2nd an alysis  ph ase and lastly wer e the analysis condu cted at 60th 

cult uring day record ed as 3rd analysis  phase . The reco rded values were  rooting from catfish 

sampl es taken from 5, 15, 36 and 45 �P�J���)�Ø���/��aqu a ria treatm ents as well as 36 �P�J���)�Ø���/��fishpond.  
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Fish Sample ID 
Aquarium & 

pond Fluoride 
concentrations 

Aquarium 
& pond 

ID 

Bioaccumulation in different tissues 
(mg/kg)  

Culturing 
day 

Date Analysis 
phase 

Bone Gills Skin Fillet 

1 Experimental 
Aquarium 
(5mg/L)  

F5EX  118.6077  112.1272  8.0767  0.3077  20th_day  30th Oct, 2019  1st analysis  
2 F5EX  118.6094  111.9897  8.2685  0.126  20th_day  30th Oct, 2019  
3 F5EX  118.6521  112.02  7.9305  0.2797  20th_day  30th Oct, 2019  
    118.623  112.0456  8.0919  0.2378        
4 F5EX  118.9149  112.0408  8.2686  0.3097  40th_day  30th Oct, 2019  2nd analysis  
5 F5EX  118.901  112.0353  8.2423  0.3385  40th_day  30th Oct, 2019  
6 F5EX  118.9968  111.8786  8.1147  0.3853  40th_day  30th Oct, 2019  
    118.9376  111.9849  8.2085  0.34 45       
7 F5EX  119.7816  112.1452  7.4372  0.3105  60th_day  30th Oct, 2019  3rd analysis  
8 F5EX  119.6898  111.9313  7.5376  0.1436  60th_day  30th Oct, 2019  
9 F5EX  119.6177  112.1322  7.6554  0.3343  60th_day  30th Oct, 2019  
      119.6964  112.0696  7.5434  0.262 8       
10 Experimental 

Aquarium 
(15mg/L)  

F15EX  118.2578  113.77  8.9271  0.3263  20th_day  30th Oct, 2019  1st analysis  
11 F15EX  118.7132  114.0179  8.4016  0.4613  20th_day  30th Oct, 2019  
12 F15EX  118.4802  113.9252  8.8932  0.3416  20th_day  30th Oct, 2019  
    118.4838  113.9044  8.7406  0.3764        
13 F15EX  123.0689  114.9235  9.3159  0.3844  40th_day  30th Oct, 2019  2nd analysis  
14 F15EX  123.8581  114.9393  9.6684  0.4533  40th_day  30th Oct, 2019  
15 F15EX  123.4686  115.2218  9.3972  0.4158  40th_day  30th Oct, 2019  
    123.4652  115.0282  9.4605  0.4178        
16 F15EX  227.5671  115.127  10.76  0.276  60th_day  30th Oct, 2019  3rd analysis  
17 F15EX  227.3446  114.8193  10.316  0.4893  60th_day  30th Oct, 2019  
18 F15EX  227.4202  115.2341  10.858  0.5512  60th_day  30th Oct, 2019  
      227.4439  115.0601  10.645  0.4388        
19 Experimental 

Aquarium 
(36mg/L)  

F36EX  124.4534  128.0239  17.775  0.5354  20th_day  30th Oct, 2019  1st analysis  
20 F36EX  124.4414  127.9163  16.989  0.8548  20th_day  30th Oct, 2019  
21 F36EX  124.4461  127.6755  16. 729 0.7791  20th_day  30th Oct, 2019  
    124.447  127.8719  17.164  0.7231        
22 F36EX  164.3003  142.2024  22.441  1.0147  40th_day  30th Oct, 2019  2nd analysis  
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23 F36EX  164.2354  141.9694  22.365  0.9929  40th_day  30th Oct, 2019  
24 F36EX  164.2661  142.2864  22.836  1.0157  40th_day  30th Oct, 2019  
    164.2673  142.1527  22.547  1.0078        
25 F36EX  411.4058  350.2464  77.666  3.2334  60th_day  30th Oct, 2019  3rd analysis  
26 F36EX  411.4761  349.8791  77.389  3.2223  60th_day  30th Oct, 2019  
27 F36EX  411.4284  349.7 722 77.709  3.1362  60th_day  30th Oct, 2019  
      411.4368  349.9659  77.588  3.1973        
28 Experimental 

Aquarium 
(45mg/L)  

F45EX  244.3795  181.9193  25.174  1.0807  20th_day  30th Oct, 2019  1st analysis  
29 F45EX  244.4973  182.2964  24.901  0.9142  20th_day  30th O ct, 2019  
30 F45EX  244.5483  182.039  25.095  0.9637  20th_day  30th Oct, 2019  
    244.475  182.0849  25.057  0.9862        
31 F45EX  356.3841  152.282  36.584  2.6012  40th_day  30th Oct, 2019  2nd analysis  
32 F45EX  356.643  152.2079  36.251  2.4293  40th_day  30th O ct, 2019  
33 F45EX  356.5459  152.2321  36.616  2.5567  40th_day  30th Oct, 2019  
    356.5243  152.2407  36.484  2.529        
34 F45EX  503.962  400.1917  89.014  5.056  60th_day  30th Oct, 2019  3rd analysis  
35 F45EX  504.2888  400.1499  89.204  4.9956  60th_day  30th Oct, 2019  
36 F45EX  504.3135  400.0216  89.503  5.0986  60th_day  30th Oct, 2019  
      504.1881  400.1211  89.24  5.0501        
37 Ngarenanyuki 

pond 
(36mg/L)  

F36POND  125.1124  128.7889  19.005  0.6653  20th_day  30th Oct, 2019  1st analysis  
38 F36POND  124.9871  128.0077  18.966  0.8644  20th_day  30th Oct, 2019  
39 F36POND  125.0076  129.0088  18.99  0.9968  20th_day  30th Oct, 2019  
    125.0357  128.6018  18.987  0.8422        
40 F36POND  164.8797  142.9868  24.988  1.6655  40th_day  30th Oct, 2019  2nd analysis  
41 F36POND  163.9989  141.8976  23.977  1.8779  40th_day  30th Oct, 2019  
42 F36POND  164.8877  142.009  24.099  1.8766  40th_day  30th Oct, 2019  
    164.5888  142.2978  24.354  1.8067        
43 F36POND  411.9687  351.9988  77.999  3.6775  60th_day  30th Oct, 2019  3rd analysis  
44 F3 6POND  412.4898  350.9873  78.019  3.8443  60th_day  30th Oct, 2019  
45 F36POND  412.769  351.8735  79.008  3.7545  60th_day  30th Oct, 2019  
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Appendix 3:  Growth parameters recorded during three different analysis periods of 
catfish 60 culturing days 

D ata unde r appendix 3 shows reco rded raw valu e s for catfish growth par a meter taken after every 

20th cult uring days. It t herefo re ,  pr esents data recoded on 20 t h , 40 th  and 60 t h  cult uring days 

revealing the diffe renc es in catfish len gth, weig ht gain  (WG) , average daily gain  (ADG )  and 

Specific Growth Rate (SGR) .  

Parameters 
Treatment 

F5EX  F15EX  F36EX  F36POND F45EX  
Initial mean body weight (g) 19.92  19.89  19.88  19.87  19.9  
Final mean body weight @20 days (g)  53.98  44.06  43.59  43.52  38.06  
Final mean body weight @ 40 days(g)  79.99  64.03  59.05  59 50.77  
Final mean body weight @ 60 days(g)  93.6  76.8  69.89  70 57.23  
WG @ 20 days (g)  34.06  24.17  23.71  23.65  18.16  
WG @ 40 days (g)  26.01  19.97  15.46  15.48  12.71  
WG @ 60 days (g)  13.61  12.77  10.84  11 6.46  
ADG @ 20 days (g)  1.703  1.2085  1.1855  1.1825  0.908  
ADG @ 40 days (g)  1.3005  0.9985  0.773  0.774  0.6355  
ADG @ 60 days (g)  0.6805  0.6385  0.542  0.55  0.323  
SGR @ 20 days (%/day)  0.0498  0.0398  0.0393  0.0392  0.0324  
SGR @ 40 days (%/day)  0.0197  0.0187  0. 0152 0.0152  0.0144  
SGR @ 60 days (%/day)  0.0079  0.0091  0.0084  0.0085  0.0060  
Mean initial length (cm) 16.05  16.06  16.05  16.05  16.05  
Mean final length/fish (cm)  34.06  36.04  37.03  37.03  40.05  
Length gain (cm) 18.01  19.98  20.98  20.98  24 
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