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ABSTRACT 
Fluoride is one of the elements that impact human health at levels lower and higher than 
the standard, also is consider as a health problem in most areas of the world, where about 
200 million people from 25 countries are exposed to high or low concentrations of 
fluoride from groundwater sources. This descriptive and analytical study was conducted 
in shendi City to identify concentrations of fluoride in ground water.  150 samples of 
ground water were tested per season (50 samples for each season), the water samples 
were collected from ground water sources (wells), distribution system and storage 
facilities that are used directly by community. Analyzing of samples had been completed 
according to standard methods for examinations of water, in this study used photometer 
device for determination concentrations of fluoride. Our study revealed that: the quality 
of ground water in study area is low fluoride content and below the optimum levels that 
recommended by WHO and SSMO guidelines for drinking water and seasonal variations 
have effects on fluoride’s solubility and concentrations. Based on the findings of this 
study we recommend that:  community must not depend totally on ground water as main 
source for fluoride, and community in study area should be use other sources for fluoride 
intake to obtain on daily required amount of fluoride for protection the health. 
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1. INTRODUCTION 
Groundwater is the most importance and more safely, its widely used as source 

of drinking water especially in rural communities around the world and its quality 
has great health signifcance so its needs a great concern of all purposes Wright et al. 
2004, Furi et al. (2011), Kanyerere et al. (2012), Sunkari and Danladi (2016), Raj 
and Shaji (2017), Rashed and Niyazi (2017).  Natural processes and developing in 
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human activities that release harmful chemicals pose a great threat to the 
groundwater quality. One of these released chemical constituents is fluoride 
Sreedevi et al. (2006), Jabal et al. (2014). Fluoride content in groundwater is very   
importance and must be determined due to its health-related concern.  Because, in 
lower concentrations below 1.5 mg/L (World Health Organization) has effect 
against dental caries and promotes bone development Apambire et al. (1997), 
Alfredo et al. (2014) and more than 50% of developed countries fluoridate their 
water below this level Alfredo et al. (2014).  While, at levels greater than 1.5 mg/L, 
fluoride can cause negative health effects on the teeth through incorporation into 
growing enamel crystals Aoba and Fejerskov (2002). There are many factors may 
contributory to the elevated levels of fluoride in groundwater such as variations in 
regional geology, rock weathering, mineralogy of watersheds and aquifers, water–
rock and water–soil interactions Islam et al. (2017). Fluoride level in the human 
body is increasing according to the increasing of the concentration of fluoride in 
water Topitsoglou et al. (1995).  Thus, drinking water is exactly the largest single 
contributor to daily fluoride intake Murray et al. (1991). Although fluoride is widely 
promoted for the prevention of dental caries, its overconsumption in infancy may 
lead to dental fluorosis and other adverse effects Topitsoglou et al. (1995), 
Burgstahler (2006).  Based on some studies, there are several health effects are 
associated with fluoride ingestion, these health effects ranging from nausea to 
neurotoxic effects to death Mullins et al. (1998), Vogt et al. (1982). CDC 
recommended that a careful monitoring and control of F intake levels in order to 
avoid overexposure (CDC 2001). Fluoride is one of chemicals that has been known 
to appear significant effects in individuals through consumption of drinking-water 
WHO, World Health Organization. (2010), Fawell et al. (2013). It could enter the 
human body through deferent ways like the ingestion of food, drinking water, 
inhalation, and dermal contact.  While, drinking water is the most important 
exposure mechanism of fluoride, whereas act 75–90% of fluoride intake Fawell et 
al. (2013), Kloos and Haimanot (1999). Fluoride in low concentrations in drinking-
water, has beneficial effects on teeth development and progress, but in high levels 
exceed or greater than the WHO guideline value of 1.5 mg/l), can causes a number 
of adverse effects Malago et al. (2017), Fomon et al. (2000), Petersen and been 
reported a high prevalence of dental fluorosis among communities that consume 
drinking water content on high fluoride levels Malago et al. (2017), Dey and Giri 
(2016), Dessalegne and Zewge (2013).  Fluoride enters into water sources from 
natural resources, or artificial ways such as extraction of aluminum, mining, pottery, 
making of ceramics, bricks, breakdown of rocks and soils or weathering and 
deposition of atmospheric particles and manure Islam et al. (2010), Mesdaghinia et 
al. (2010), Faraji et al. (2014), Maleki et al. (2015), Mohammadi et al. (2017). Several 
epidemiological studies have been demonstrated that uptake of fluoride in drinking 
water for long period of time leads to occurrence of adverse effects on the human 
skeletal tissue.  So, the World Health Organization (WHO) has suggested the minimal 
concentration of 1.5mg/L WHO 'world health organization' (1993), Shanthi et al. 
(2014), Phipps et al. (1998).  Exposure to excessive amount of fluoride over a long 
time may lead to bone fractures, pain and tenderness in adults, and increased chance 
of developing pits in the tooth enamel in children aged 8 years and younger (EPA, 
2012). Higher concentration of fluoride in drinking water is also linked with cancer 
Navneet (2010). 
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1.1. WATER QUALITY INDEX 

        Water quality Index (WQI) is a technique that provides the composite influence 
of individual water quality parameters on the overall quality of water. It reduces the 
large amount of water quality data to a single numerical value, understandable and 
useable by the general people Vasanthavigar et al. (2010), Islam et al. (2010).    
 

1.1.1. CALCULATION OF WATER QUALITY INDEX 
   Water quality index is calculated by the following equation  
Water quality index [WQI] = QiWi  
Where, Qi is water quality rating 
Qi = 100*[Va-Vi]/[Vs-Vi] 
Va = Actual value of the parameters present in water sample 
Vs = Standard value 
Vi = ideal value 
Wi = K/Sn, Where Wi = Unit weightage 
K[constant] = 1/[(1/S1) + (1/S2) + (1/S3) + …. + (1/Sn) Maruthi Devi et al. 

(2011). 
Then WQI has been categorized into five classes according to arithmetic 

method in the following: 
Range 0-25 excellent, 26-50 good, 51-75 poor, 76-100 very poor and above 100 

unfit for drinking purposes Maruthi Devi, et al. (2011). 
 
2. MATERIALS AND METHODS 

2.1. STUDY DESIGN   
A descriptive analytic study 
 
2.2. STUDY AREA  
Shendi Town is well known historically‚ and it is the third largest Town in River 

Nile State. It is in River Nile State‚ where the Headquarter of Shendi locality is 
located.               

Shendi is located about 176 km north of Khartoum ‚ and 130 km south of El 
damer (capital of River Nile State). It is bound by River Nile in the west and Kasala 
State in the East, also bound by south Shendi administrative unit in the South and   
Shendi administrative unit in the North. Geographically it lies between line 36 East 
to 31 West longitudinal and line 19 North to 15 South latitudinal. It is in the arid 
zone of Sudan with annual rain fall ranging between 0 and 119mm per year. 
Suleiman (2011). Shendi town has no sewerage system, the population depend on 
septic tanks, aqua privies, pour flush latrines and traditional pit latrines for disposal 
of fecal waste and other liquid waste. Shendi town has a distribution system of 
drinking water; the whole Town depends on ground water as source of drinking.    

                                  
2.3. STUDY POPULATION  
water sources, water supply system and household facilities. 
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2.4. SAMPLE SIZE DETERMINATION  
Sample size was determined based on WHO guidelines; therefore 150 samples 

were examined according to total of population in study area. 
 

2.5. WATER SAMPLE COLLECTION  
Samples of drinking water were collected based on WHO Guidelines for water 

quality assessment WHO 'world health organization' (1993). The samples were 
gathered from all ground water sources (wells), distribution system and storage 
facilities that are used directly for drinking purpose in the community per seasons. 
Where all procedures and standards have been done well and correctly during all 
steps of samples collection, storage, and transportation.  Samples were tested within 
24 hr. 

 
2.6. WATER SAMPLES ANALYSIS  
For determination fluoride concentration levels, we sued plaintexts fluoride NO 

1 tablets, and NO 2 tablets, plainest automatic wavelength selection photometer and 
round test tubes 10 ml glass.  

 
2.6.1. FLUORIDE LEVEL TEST (F)    
Test was completed according to standard methods for examinations of water  

as fallowing steps: the test tube was filled with sample to the 10 ml mark as a blank, 
other test tube was Filled with sample to 10 ml mark and added fluoride NO 1 tablet 
then crushed & mixed to dissolve, then one fluoride NO 2 tablet  was added, crushed 
and mixed to dissolve, Waited for five minutes to allow full color development, 
fluoride choice on photometer was selected, photometer reading in usual manner 
after using the blank sample had been taken and The fluoride result is displayed as 
Mg/L. 

 
2.7. DATA ANALYSIS  
Data were analysed by computer using both Microsoft Excel and Microsoft 

word, and then the results are presented in percentage tables and other statistical 
graphs.  

 
3. RESULTS 

Table 1 
Table 1 Ground Water Samples Analysis for Fluoride Levels in Summer Season 

Sampling  
location 

Numbe
r of 

tested 
sample

s 

Fluoride concentration Mg/L Percentage % 

  0<1Mg/
L 

1<1.5Mg/
L 

>1.5Mg/
L 

0<1Mg/
L 

1<1.5Mg/
L 

>1.5Mg/
L 

Sources 
(Wells) 

22 15 7 0 68.2 31.8 0 
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Storage 
facilities 

6 6 0 0 100 0 0 

Distributio
n system 

22 18 4 0 81.8 18.2 0 

Total 50 46 4 0 92 8 0 

The above table shows that 92% of tested samples are indicated fluoride 
concentration levels ranged (01> mg/l) and 8% of them demonstrated that fluoride 
concentration levels ranged (1> 1.5 mg/l). 

 
Table 2 

Table 2 Ground Water Samples Analysis for Fluoride Levels in Autumn Season 

Sampling 
location 

Numbe
r of 

tested 
sample

s 

Fluoride concentration  
Mg/L 

Percentage  
% 

 s 0<1Mg/
L 

1<1.5Mg/
L 

>1.5Mg/
L 

0<1Mg/
L 

1<1.5Mg/
L 

>1.5Mg/
L 

Sources 
(Wells) 

20 18 2 0 90 10 0 

Storage 
facilities 

9 9 0 0 100 0 0 

Distributio
n system 

21 19 2 0 90.5 9.5 0 

Total 50 46 4 0 92 8 0 

The above table shows that 92% of tested samples are indicated fluoride 
concentration levels ranged (01> mg/l) and 8% of them demonstrated that fluoride 
concentration levels ranged (1> 1.5 mg/l). 

 
Table 3 

Table 3 Ground Water Samples Analysis for Fluoride Levels in Winter Season 

Sampling 
location 

Numbe
r of 

tested 
sample

s 

Fluoride concentration Mg/L Percentage 
% 

  0<1Mg/
L 

1<1.5Mg/
L 

>1.5Mg/
L 

0<1Mg/
L 

1<1.5Mg/
L 

>1.5Mg/
L 

Sources 
(Wells) 

18 16 2 0 88.9 11.1 0 

Storage 
facilities 

9 7 2 0 77.8 22.2 0 

Distributio
n system 

23 21 2 0 91.3 8.7 0 

Total 50 44 6 0 88 12 0 
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The above table shows that 88% of tested samples are indicated fluoride 
concentration levels ranged (01> mg/l) and 12% of them demonstrated that 
fluoride concentration levels ranged (1> 1.5 mg/l). 

 
Table 4 

Table 4 Fluoride Range Measurement Over the Seasons Based On WQI 

Quality 
category 

Water quality based on 
F+ content 

Summer Autumn Winter 

  Samples % Samples % Samples % 

0-25 excellent 11 22 25 50 31 62 

26-50 good 25 50 19 33 12 24 

51-75 poor 12 24 5 10 3 6 

76-100 Very poor 2 4 1 2 4 8 

Above 100 Unfit for drink 0 0 0 0 0 0 

Total 50 100 50 100 50 100 

General WQI 61.7 33.3 21.7 

The above table 4 shows that water quality is poor (61.7), good (33.3) and 
excellent (21.7) poor in summer, good in autumn and excellent in winter 
respectively. 

 
Figure 1 

 
Figure 1 Comparison of Water Quality Index (WQI) Per Seasons 

 
4. DISCUSSION 

Our present study revealed that 92% and 8% of examined samples are 
indicated that   concentrations of fluoride in drinking ground water rating between 
(01> mg/l) and (1> 1.5 mg/l) respectively in summer and autumn seasons, while 
in winter season 88% and 12% of tested samples are pointed that concentrations of 
fluoride ranged between (01> mg/l) and (1> 1.5 mg/l) respectively. These low 
concentrations level of fluoride is very beneficial for health of teeth and protection 
from dental decay. But consumption of ground water with low fluoride contents 
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over a lifetime may lead to negative effects and causing health problem on teeth, 
especially when the community in study area depend on ground water as the main 
source of fluoride, because these concentrations level of fluoride not sufficient to 
access required amount of fluoride for protection health of community.  Where the 
optimal concentrations level of fluoride beneficial for health of teeth ranged from 
(1.0 – 1.2 mg/l) according to CDC recommendation. Whereas (CDC) have 
recommended 1.0 to 1.2 milligrams per liter (mg/L) of fluoride as the optimum 
beneficial concentration in drinking water for dental protection (DES, 2007). The 
results of current study agree with previous study conducted by Ramadan and Hilmi 
(2014), to determine the maximum safe limit for fluoride in potable water in 
Khartoum state according to climate conditions of the Sudan, they reported that the 
optimal concentration of fluoride in potable water must be in range 0.32- 0.35 mg/l 
according to Sudanese conditions.  

The present study regarding WQI is pointed that ground water quality based on 
fluoride concentrations, quality of water is excellent, good, and poor in winter, 
autumn, and summer respectively. According to WQI value we observed that there 
is effect of climate conditions on fluoride concentrations therefor variations in 
ground water quality had been found from season to another, also temperature may 
have effect on solubility and concentrations of fluoride. The results of present study 
showed that low of fluoride concentrations level because majority of tested samples 
are indicated 1> mg/l fluoride content and other of them showed nil fluoride, these 
results are below permissible concentration that recommended by WHO and SSMO 
showed (1.5 mg/l). So according to these results, dental decay and some negative 
health effects in next generations may be occurring if completely depending on 
drinking ground water as the main source of fluoride. 

 
5. CONCLUSION    

According to the findings of this study we summarized that the ground water in 
study area has low fluoride concentrations level and seasonal variations have effects 
on fluoride solubility and content. 

   
6. RECOMMENDATIONS  

Groundwater is a main source for drinking and domestic purposes in study 
area. So based on the findings of this study we recommend that:  community must 
not depend totally on ground water as main source for fluoride, and community in 
study area should be use other sources for fluoride intake to obtain on daily 
required amount of fluoride for protection the health.  

  
ACKNOWLEDGMENTS 

The authors acknowledge the family of the Federal Ministry of Health 
(Environmental health and food control directorate) for their administrative 
facilities. Also, we thankful to the Ministry of Helth- River Nile state (Environmental 
health and food control department) for providing laboratory services. We send 
many thanks to all those who are supported, contributed, and helped us in this 
study. 

 
 
 

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/


Determination of Fluoride Concentrations Level in Drinking Ground Water in Shendi City, River Nile State, Sudan 
 

International Journal of Research - GRANTHAALAYAH 22 
 

 
REFERENCES 

Alfredo KA, Lawler DF, Katz LE (2014). Fluoride Contamination in The Bongo 
District of Ghana, West Africa: Geogenic Contamination And Cultural 
Complexities. Water International, 39(4) :486-503. 
https://doi.org/10.1080/02508060.2014.926234  

Aoba T, Fejerskov O (2002). Dental Fluorosis : Chemistry and Biology. Critical 
Reviews in Oral Biology & Medicine. 13(2) :155-170. 
https://doi.org/10.1177/154411130201300206  

Apambire WB, Boyle DR, Michael FA (1997). GEochemistry, Genesis and Health 
Implications of Fuoriferous Groundwater in The Upper Regions Of Ghana. 
Environmental Geology. 35(1) :13-24. 
https://doi.org/10.1007/s002540050221  

Rice, E.W. and Bridgewater, L. (1998). American Public Health Association and 
American Water Works Association and Water Environment Federation. 
Standard Methods for the Examination of Water and Wastewater (20th ed.). 
https://books.google.co.uk/books/about/Standard_Methods_for_the_Exam
ination_of.html?id=dd2juAAACAAJ&redir_esc=y  

Burgstahler, A. W. (2006). Fluoridated Bottled Water. 6(1),252-54.   
Kohn, W. G., Maas, W. R., Malvitz, D. M. (2001). Recommendations For Using Fluoride 

to Prevent and Control Dental Caries in The United States. Morbidity And 
Mortality Weekly Report. Centers For Disease Control and Prevention, 
50(14). https://stacks.cdc.gov/view/cdc/5160  

Dessalegne M, Zewge F. (2013). Daily Dietary Fluoride Intake in Rural Villages of 
The Ethiopian Rift Valley. Toxicological & Environmental Chemistry, 
95(6),1056-1068. https://doi.org/10.1080/02772248.2013.827685  

Dey S, Giri B. (2016). Fluoride Fact on Human Health and Health Problems : A 
Review. Medical & Clinical Reviews,2(1-2),1-6. https://medical-clinical-
reviews.imedpub.com/fluoride-fact-on-human-health-and-health-
problems-a-review.php?aid=7968 

Edmunds, M & Smedley, P. L. (2005). Fluoride In Natural Waters. Essentials Of 
Medical Geology. Burlington : Elsevier Academic Press,301-329. 
http://nora.nerc.ac.uk/id/eprint/10883/  

Faraji, H., Mohammadi, A. A., Akbari-Adergani, B., Vakili Saatloo, N., Lashkarboloki, 
G., & Mahvi, A. H. (2014). Correlation between Fluoride in Drinking Water 
and Its Levels in Breast Milk in Golestan Province, Northern Iran. Iranian 
journal of public health, 43(12), 1664–1668. 
https://pubmed.ncbi.nlm.nih.gov/26171359/  

Fawell J, Bailey K, Chilton J, Dahi E, Magara Y. (2013). Fluoride In Drinking-Water. 
IWA publishing,12. https://iwaponline.com/ebooks/book/603/Fluoride-
in-Drinking-water?redirectedFrom=PDF  

Fomon, S. J., et al. (2000). Fluoride Intake and Prevalence Of Dental Fluorosis : 
Trends In Fluoride Intake With Special Attention To Infants : Review & 
Commentary. Journal Of Public Health Dentistry,60(3), 131-139. 
https://doi.org/10.1111/j.1752-7325.2000.tb03318.x     

Furi W, Razack M, Abiye TA, Ayenew T, Legesse D (2011). Fluoride Enrichment 
Mechanism and Geospatial Distribution In The Volcanic Aquifers Of The 
Middle Awash Basin, Northern Main Ethiopian Rift. Journal Of African Earth 
Sciences. 60(5),315-327. https://doi.org/10.1016/j.jafrearsci.2011.03.004   

García-Pérez, A., Irigoyen-Camacho, M.E., Borges-Yáñez, A. (2013). Fluorosis And 
Dental Caries In Mexican Schoolchildren Residing In Areas With Diferent 

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/
https://doi.org/10.1080/02508060.2014.926234
https://doi.org/10.1177/154411130201300206
https://doi.org/10.1007/s002540050221
https://books.google.co.uk/books/about/Standard_Methods_for_the_Examination_of.html?id=dd2juAAACAAJ&redir_esc=y
https://books.google.co.uk/books/about/Standard_Methods_for_the_Examination_of.html?id=dd2juAAACAAJ&redir_esc=y
https://stacks.cdc.gov/view/cdc/5160
https://doi.org/10.1080/02772248.2013.827685
https://medical-clinical-reviews.imedpub.com/fluoride-fact-on-human-health-and-health-problems-a-review.php?aid=7968
https://medical-clinical-reviews.imedpub.com/fluoride-fact-on-human-health-and-health-problems-a-review.php?aid=7968
https://medical-clinical-reviews.imedpub.com/fluoride-fact-on-human-health-and-health-problems-a-review.php?aid=7968
http://nora.nerc.ac.uk/id/eprint/10883/
https://pubmed.ncbi.nlm.nih.gov/26171359/
https://iwaponline.com/ebooks/book/603/Fluoride-in-Drinking-water?redirectedFrom=PDF
https://iwaponline.com/ebooks/book/603/Fluoride-in-Drinking-water?redirectedFrom=PDF
https://doi.org/10.1111/j.1752-7325.2000.tb03318.x
https://doi.org/10.1016/j.jafrearsci.2011.03.004


Abdallah Ahmed Adam Belal, Basheer Mohammed El hassan, and Adam Dawria Ibrahim 
 

International Journal of Research - GRANTHAALAYAH 23 
 

Water Fuoride Concentrations And Receiving Fuoridated Salt. Caries 
Research, 47(4),299-308. https://doi.org/10.1159/000346616  

Goodarzi, F., Mahvi, A.H., Hosseini, M., Nodehi, R.N., Kharazifard, M.J., Parvizishad, M. 
(2016). Fluoride Concentration Of Drinking Water And Dental Fluorosis : A 
Systematic Review And Meta-Analysis In Iran. Dental Hypotheses. 7(3),81-
87. https://doi.org/10.4103/2155-8213.190482  

International Programme on Chemical Safety. (2002). Fluorides. World Health 
Organization. https://apps.who.int/iris/handle/10665/42415  

Islam, A.R., Shen, S., Haque, M.A., Bodrud-Doza, M., Maw, K.W., & Habib, M.A. (2017). 
Assessing Groundwater Quality And Its Sustainability In Joypurhat District 
Of Bangladesh Using Gis And Multivariate Statistical Approaches. 
Environment, Development And Sustainability, 20, 1935-1959. 
https://www.semanticscholar.org/paper/Assessing-groundwater-quality-
and-its-in-Joypurhat-Islam-
Shen/7dbf1d5c1be0f5168cf80835bdc26eece3d57bbc#citing-papers  

Islam, S., Rasul, T., Alam, J. B., & Haque, M. A. (2010). Evaluation Of Water Quality Of 
The Titas River Using Nsf Water Quality Index. Journal Of Scientific Research, 
3(1), 151. https://doi.org/10.3329/jsr.v3i1.6170  

Jabal, M.S.A., Abustan, I., Rozaimy, M.R., Al-Najar, H. (2014). Fluoride Enrichment In 
Groundwater Of Semi-Arid Urban Area : Khan Younis City, Southern Gaza 
Strip (Palestine). Journal Of African Earth Sciences, 100, 259-266. 
https://doi.org/10.1016/j.jafrearsci.2014.07.002    

Kanyerere, T., Levy, J., Xu, Y., Saka, J. (2012). Assessment Of Microbial Contamination 
Of Groundwater In Upper Limphasa River Catchment, Located In A Rural 
Area Of Northern Malawi. Water SA, 38(4),581-596. 
https://doi.org/10.4314/wsa.v38i4.14    

Kloos, H. and Haimanot, R.T. (1999). Distribution Of Fluoride And Fluorosis In 
Ethiopia And Prospects For Control. Tropical Medicine & International 
Health, 4(5),355-364.  https://doi.org/10.1046/j.1365-3156.1999.00405.x  

Malago, J., Makoba, E., Muzuka AN. (2017). Fluoride Levels In Surface And 
Groundwater In Africa : A Review. American Journal Of Water Science And 
Engineering, 3(1),1-17. https://doi.org/10.11648/j.ajwse.20170301.11  

  
Maleki, M., Daraei, R., Meihami, M., Zandia, Maleki, A., Daraei, H., Daraei, H., Rezaei, 

R., Meihami, N., & Mohammadi, K. (2015). Influence Of Selected Anions On 
Fluoride Removal In Electrocoagulation / Electroflotation. Fluoride. 
48(1),45-55. 
https://www.fluorideresearch.org/481/files/FJ2015_v48_n1_p045-
055_pq.pdf  

Devi, M., and Madhuri, U. (2011). Study On Groundwater Quality In Prakasam 
District And Its Suitability For Drinking. Nature Environment And Pollution 
Technology,10(3),481-483. https://neptjournal.com/upload-images/NL-
35-30-(30)B-1657.pdf  

Mesdaghinia, A. R., Vaghef, K. A., Montazeri, A., Mohebbi, M. R. & Saeedi, R. (2010). 
Monitoring Of Fluoride In Groundwater Resources Of Iran. Bulletin Of 
Environmental Contamination And Toxicology. 84, 432-437. 
https://doi.org/10.1007/s00128-010-9950-y    

Mohammadi, A.A., Yaghmaeian, K., Hossein, F., Nabizadeh, R., Dehghani, M.H., Khaili, 
J.K., & Mahvi, A.H. (2017). Temporal And Spatial Variation Of Chemical 
Parameter Concentration In Drinking Water Resources Of Bandar-E Gaz City 
Using Geographic Information System. Desalination And Water Treatment, 

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/
https://doi.org/10.1159/000346616
https://doi.org/10.4103/2155-8213.190482
https://apps.who.int/iris/handle/10665/42415
https://www.semanticscholar.org/paper/Assessing-groundwater-quality-and-its-in-Joypurhat-Islam-Shen/7dbf1d5c1be0f5168cf80835bdc26eece3d57bbc#citing-papers
https://www.semanticscholar.org/paper/Assessing-groundwater-quality-and-its-in-Joypurhat-Islam-Shen/7dbf1d5c1be0f5168cf80835bdc26eece3d57bbc#citing-papers
https://www.semanticscholar.org/paper/Assessing-groundwater-quality-and-its-in-Joypurhat-Islam-Shen/7dbf1d5c1be0f5168cf80835bdc26eece3d57bbc#citing-papers
https://doi.org/10.3329/jsr.v3i1.6170
https://doi.org/10.1016/j.jafrearsci.2014.07.002
https://doi.org/10.4314/wsa.v38i4.14
https://doi.org/10.1046/j.1365-3156.1999.00405.x
https://doi.org/10.11648/j.ajwse.20170301.11
https://www.fluorideresearch.org/481/files/FJ2015_v48_n1_p045-055_pq.pdf
https://www.fluorideresearch.org/481/files/FJ2015_v48_n1_p045-055_pq.pdf
https://neptjournal.com/upload-images/NL-35-30-(30)B-1657.pdf
https://neptjournal.com/upload-images/NL-35-30-(30)B-1657.pdf
https://doi.org/10.1007/s00128-010-9950-y


Determination of Fluoride Concentrations Level in Drinking Ground Water in Shendi City, River Nile State, Sudan 
 

International Journal of Research - GRANTHAALAYAH 24 
 

68, 170-176. 
https://www.deswater.com/DWT_abstracts/vol_68/68_2017_170.pdf  

Mullins, Michael E., and Craig R. Warden. (1998). Pediatric Death And Fluoride-
Containing Wheel Cleaner. Annals Of Emergency Medicine, 31(4), 524-25. 
https://doi.org/10.1016/S0196-0644(98)70264-1  

Murray, J. J., Jenkins, G. N., & Rugg-Gunn, A. J. (1991). Fluorides In Caries Prevention 
(2nd ed.). Oxford : Wright. https://www.worldcat.org/title/fluorides-in-
caries-prevention/oclc/803114715      

Petersen, P. E., & Kwan, S. (2004). Evaluation Of Community-Based Oral Health 
Promotion And Oral Disease Prevention--Who Recommendations For 
Improved Evidence In Public Health Practice. Community Dental Health, 
21(4 Suppl), 319–329. https://pubmed.ncbi.nlm.nih.gov/15617418/   

Phipps, K. R., Orwoll, E. S. & Bevan, L. (1998). The Association Between Water-borne 
Fluoride and Bone Mineral Density in Older Adults. Journal of Dental 
Research. 77(9), 1739-1748. 
https://doi.org/10.1177/00220345980770091001  

Raj, D., Shaji, E. (2017). Fluoride Contamination In Groundwater Resources Of 
Alleppey, Southern India. Geoscience Frontiers, 8(1),117-1247. 
https://doi.org/10.1016/j.gsf.2016.01.002   

Rango, T., Kravchenko, J., Atlaw, B., McCornick, P.G., Jeuland, M., Merola, B., et al. 
(2012). Groundwater Quality And Its Health Impact : An Assessment Of 
Dental Fluorosis In Rural Inhabitants Of The Main Ethiopian Rift. 
Environment International. 43,37-47. 
https://doi.org/10.1016/j.envint.2012.03.002  

Rashed, M., and Niyazi, B. (2017). Environmental Impact Assessment Of The Former 
Al-Musk Lake Wastewater Dumpsite Using Electromagnetic Induction 
Technique. Earth Systems And Environment,10. 
https://doi.org/10.1007/s41748-017-0010-1  

Shanthi, M., Timma Reddy, B. V. & Shivani, K. (2014). Health Impact to Diferent 
Concentrations of Fluoride in Drinking Water of South India. International 
Journal of Scientific Study. 2(2),2-5. 
http://asnanportal.com/images/Orthodontics/Health_Impact_to_Different.
pdf  

Sreedevi PD, Ahmed S, Made B, Ledoux E, Gandolf JM (2006). Association Of 
Hydrogeological Factors In The Temporal Variations Of Fluoride 
Concentration In A Crystalline Aquifer India. Environmental Geology, 50(1), 
1-11. https://doi.org/10.1007/s00254-005-0167-z  

Ssmo 'Sudanese Standards Metrology Organization' (2002). Drinking Water Guide 
Lines,Khartoum: Republic Of Sudan. 

Sunkari, E. D., & Danladi, I. B. (2016). Assessment Of Trace Elements In Selected 
Bottled Drinking Water In Ghana : A Case Study Of Accra Metropolis. 
International Journal Of Water Resources And Environmental Engineering, 
8(10), 137-142. https://doi.org/10.5897/IJWREE2016.0685   

Topitsoglou, V., Liatsa, T.H., Tsolaki, A. (1995). Naturally fluoridated drinking waters 
at the prefecture of Thessaloniki, Greece. STOMA, 23(5), 15-22. 

Van Steenbergen, F., Haimanot, R.T., Sidelil. A. (2011). High Fluoride, Modest 
Fluorosis : Investigation in Drinking Water Supply in Halaba (SNNPR, 
Ethiopia). Journal of Water Resource and Protection,3(2),120-126. 
https://doi.org/10.4236/jwarp.2011.32014  

Vasanthavigar, M., Srinivasamoorthy, K, Vijayaragavan, K., Gandhi, R., Chidambaram, 
S., Anandhan, P., Manivannan, R. And Vasudevan, S. (2010). Environ 
Monitoring Assess. 

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/
https://www.deswater.com/DWT_abstracts/vol_68/68_2017_170.pdf
https://doi.org/10.1016/S0196-0644(98)70264-1
https://www.worldcat.org/title/fluorides-in-caries-prevention/oclc/803114715
https://www.worldcat.org/title/fluorides-in-caries-prevention/oclc/803114715
https://pubmed.ncbi.nlm.nih.gov/15617418/
https://doi.org/10.1177/00220345980770091001
https://doi.org/10.1016/j.gsf.2016.01.002
https://doi.org/10.1016/j.envint.2012.03.002
https://doi.org/10.1007/s41748-017-0010-1
http://asnanportal.com/images/Orthodontics/Health_Impact_to_Different.pdf
http://asnanportal.com/images/Orthodontics/Health_Impact_to_Different.pdf
https://doi.org/10.1007/s00254-005-0167-z
https://doi.org/10.5897/IJWREE2016.0685
https://doi.org/10.4236/jwarp.2011.32014


Abdallah Ahmed Adam Belal, Basheer Mohammed El hassan, and Adam Dawria Ibrahim 
 

International Journal of Research - GRANTHAALAYAH 25 
 

Vogt, R. L., Witherell, L., LaRue, D., & Klaucke, D. N. (1982). Acute Fluoride Poisoning 
Associated With An On-Site Fluoridator In A Vermont Elementary School. 
American Journal Of Public Health, 72(10), 1168–1169. 
https://doi.org/10.2105/ajph.72.10.1168  

WHO 'world health organization’ (1993). Global Strategy : Health, Environmental 
And Development. Approaches To Drafting Countrylevel Strategies For 
Human Well Being Under Agenda 21. Who Document, Geneva Switzerland. 

WHO 'world health organization' (1993). Guide Lines For Drinking Water Quality In 
Distribution System, Volume One, Geneva. 

WHO, World Health Organization. (2010). Inadequate Or Excess Fluoride : A Major 
Public Health Concern. Geneva : Who Public Health And Environment. 

 
       
 
 
 
 
 
 

https://www.granthaalayahpublication.org/journals/index.php/Granthaalayah/
https://doi.org/10.2105/ajph.72.10.1168

	DETERMINATION OF FLUORIDE CONCENTRATIONS LEVEL IN DRINKING GROUND WATER IN SHENDI CITY, RIVER NILE STATE, SUDAN
	Abdallah Ahmed Adam Belal 1,2 , Basheer Mohammed El hassan 3, Adam Dawria Ibrahim 4
	1 Assistant Professor, Saudi Electronic University, College of Health Sciences, Public Health Department, KSA
	2 Associate Professor, Shendi University, Faculty of Public Health, Environmental Health Department, Shendi, Sudan
	3 Associated Professor, University of Khartoum, Faculty of Engineering, Civil Engineering Department, Sudan
	4 Assistant Professor, King Khalid University, College of Health Sciences, Public Health Department, KSA


	1. INTRODUCTION
	1.1. WATER QUALITY INDEX
	1.1.1. CALCULATION OF WATER QUALITY INDEX


	2. MATERIALS AND METHODS
	2.1. STUDY DESIGN
	2.2. STUDY AREA
	2.3. STUDY POPULATION
	2.4. SAMPLE SIZE DETERMINATION
	2.5. WATER SAMPLE COLLECTION
	2.6. WATER SAMPLES ANALYSIS
	2.6.1. FLUORIDE LEVEL TEST (F)

	2.7. DATA ANALYSIS

	3. RESULTS
	Table 1
	Table 2
	Table 3
	Table 4
	Figure 1

	4. DISCUSSION
	5. CONCLUSION
	6. RECOMMENDATIONS
	ACKNOWLEDGMENTS
	REFERENCES
	Alfredo KA, Lawler DF, Katz LE (2014). Fluoride Contamination in The Bongo District of Ghana, West Africa: Geogenic Contamination And Cultural Complexities. Water International, 39(4) :486-503. https://doi.org/10.1080/02508060.2014.926234
	Aoba T, Fejerskov O (2002). Dental Fluorosis : Chemistry and Biology. Critical Reviews in Oral Biology & Medicine. 13(2) :155-170. https://doi.org/10.1177/154411130201300206
	Apambire WB, Boyle DR, Michael FA (1997). GEochemistry, Genesis and Health Implications of Fuoriferous Groundwater in The Upper Regions Of Ghana. Environmental Geology. 35(1) :13-24. https://doi.org/10.1007/s002540050221
	Rice, E.W. and Bridgewater, L. (1998). American Public Health Association and American Water Works Association and Water Environment Federation. Standard Methods for the Examination of Water and Wastewater (20th ed.). https://books.google.co.uk/books/...
	Burgstahler, A. W. (2006). Fluoridated Bottled Water. 6(1),252-54.
	Kohn, W. G., Maas, W. R., Malvitz, D. M. (2001). Recommendations For Using Fluoride to Prevent and Control Dental Caries in The United States. Morbidity And Mortality Weekly Report. Centers For Disease Control and Prevention, 50(14). https://stacks.cd...
	Dessalegne M, Zewge F. (2013). Daily Dietary Fluoride Intake in Rural Villages of The Ethiopian Rift Valley. Toxicological & Environmental Chemistry, 95(6),1056-1068. https://doi.org/10.1080/02772248.2013.827685
	Dey S, Giri B. (2016). Fluoride Fact on Human Health and Health Problems : A Review. Medical & Clinical Reviews,2(1-2),1-6. https://medical-clinical-reviews.imedpub.com/fluoride-fact-on-human-health-and-health-problems-a-review.php?aid=7968
	Edmunds, M & Smedley, P. L. (2005). Fluoride In Natural Waters. Essentials Of Medical Geology. Burlington : Elsevier Academic Press,301-329. http://nora.nerc.ac.uk/id/eprint/10883/
	Faraji, H., Mohammadi, A. A., Akbari-Adergani, B., Vakili Saatloo, N., Lashkarboloki, G., & Mahvi, A. H. (2014). Correlation between Fluoride in Drinking Water and Its Levels in Breast Milk in Golestan Province, Northern Iran. Iranian journal of publi...
	Fawell J, Bailey K, Chilton J, Dahi E, Magara Y. (2013). Fluoride In Drinking-Water. IWA publishing,12. https://iwaponline.com/ebooks/book/603/Fluoride-in-Drinking-water?redirectedFrom=PDF
	Fomon, S. J., et al. (2000). Fluoride Intake and Prevalence Of Dental Fluorosis : Trends In Fluoride Intake With Special Attention To Infants : Review & Commentary. Journal Of Public Health Dentistry,60(3), 131-139. https://doi.org/10.1111/j.1752-7325...
	Furi W, Razack M, Abiye TA, Ayenew T, Legesse D (2011). Fluoride Enrichment Mechanism and Geospatial Distribution In The Volcanic Aquifers Of The Middle Awash Basin, Northern Main Ethiopian Rift. Journal Of African Earth Sciences. 60(5),315-327. https...
	García-Pérez, A., Irigoyen-Camacho, M.E., Borges-Yáñez, A. (2013). Fluorosis And Dental Caries In Mexican Schoolchildren Residing In Areas With Diferent Water Fuoride Concentrations And Receiving Fuoridated Salt. Caries Research, 47(4),299-308. https:...
	Goodarzi, F., Mahvi, A.H., Hosseini, M., Nodehi, R.N., Kharazifard, M.J., Parvizishad, M. (2016). Fluoride Concentration Of Drinking Water And Dental Fluorosis : A Systematic Review And Meta-Analysis In Iran. Dental Hypotheses. 7(3),81-87. https://doi...
	International Programme on Chemical Safety. (2002). Fluorides. World Health Organization. https://apps.who.int/iris/handle/10665/42415
	Islam, A.R., Shen, S., Haque, M.A., Bodrud-Doza, M., Maw, K.W., & Habib, M.A. (2017). Assessing Groundwater Quality And Its Sustainability In Joypurhat District Of Bangladesh Using Gis And Multivariate Statistical Approaches. Environment, Development ...
	Islam, S., Rasul, T., Alam, J. B., & Haque, M. A. (2010). Evaluation Of Water Quality Of The Titas River Using Nsf Water Quality Index. Journal Of Scientific Research, 3(1), 151. https://doi.org/10.3329/jsr.v3i1.6170
	Jabal, M.S.A., Abustan, I., Rozaimy, M.R., Al-Najar, H. (2014). Fluoride Enrichment In Groundwater Of Semi-Arid Urban Area : Khan Younis City, Southern Gaza Strip (Palestine). Journal Of African Earth Sciences, 100, 259-266. https://doi.org/10.1016/j....
	Kanyerere, T., Levy, J., Xu, Y., Saka, J. (2012). Assessment Of Microbial Contamination Of Groundwater In Upper Limphasa River Catchment, Located In A Rural Area Of Northern Malawi. Water SA, 38(4),581-596. https://doi.org/10.4314/wsa.v38i4.14
	Kloos, H. and Haimanot, R.T. (1999). Distribution Of Fluoride And Fluorosis In Ethiopia And Prospects For Control. Tropical Medicine & International Health, 4(5),355-364.  https://doi.org/10.1046/j.1365-3156.1999.00405.x
	Malago, J., Makoba, E., Muzuka AN. (2017). Fluoride Levels In Surface And Groundwater In Africa : A Review. American Journal Of Water Science And Engineering, 3(1),1-17. https://doi.org/10.11648/j.ajwse.20170301.11
	Maleki, M., Daraei, R., Meihami, M., Zandia, Maleki, A., Daraei, H., Daraei, H., Rezaei, R., Meihami, N., & Mohammadi, K. (2015). Influence Of Selected Anions On Fluoride Removal In Electrocoagulation / Electroflotation. Fluoride. 48(1),45-55. https:/...
	Devi, M., and Madhuri, U. (2011). Study On Groundwater Quality In Prakasam District And Its Suitability For Drinking. Nature Environment And Pollution Technology,10(3),481-483. https://neptjournal.com/upload-images/NL-35-30-(30)B-1657.pdf
	Mesdaghinia, A. R., Vaghef, K. A., Montazeri, A., Mohebbi, M. R. & Saeedi, R. (2010). Monitoring Of Fluoride In Groundwater Resources Of Iran. Bulletin Of Environmental Contamination And Toxicology. 84, 432-437. https://doi.org/10.1007/s00128-010-9950...
	Mohammadi, A.A., Yaghmaeian, K., Hossein, F., Nabizadeh, R., Dehghani, M.H., Khaili, J.K., & Mahvi, A.H. (2017). Temporal And Spatial Variation Of Chemical Parameter Concentration In Drinking Water Resources Of Bandar-E Gaz City Using Geographic Infor...
	Mullins, Michael E., and Craig R. Warden. (1998). Pediatric Death And Fluoride-Containing Wheel Cleaner. Annals Of Emergency Medicine, 31(4), 524-25. https://doi.org/10.1016/S0196-0644(98)70264-1
	Murray, J. J., Jenkins, G. N., & Rugg-Gunn, A. J. (1991). Fluorides In Caries Prevention (2nd ed.). Oxford : Wright. https://www.worldcat.org/title/fluorides-in-caries-prevention/oclc/803114715
	Petersen, P. E., & Kwan, S. (2004). Evaluation Of Community-Based Oral Health Promotion And Oral Disease Prevention--Who Recommendations For Improved Evidence In Public Health Practice. Community Dental Health, 21(4 Suppl), 319–329. https://pubmed.ncb...
	Phipps, K. R., Orwoll, E. S. & Bevan, L. (1998). The Association Between Water-borne Fluoride and Bone Mineral Density in Older Adults. Journal of Dental Research. 77(9), 1739-1748. https://doi.org/10.1177/00220345980770091001
	Raj, D., Shaji, E. (2017). Fluoride Contamination In Groundwater Resources Of Alleppey, Southern India. Geoscience Frontiers, 8(1),117-1247. https://doi.org/10.1016/j.gsf.2016.01.002
	Rango, T., Kravchenko, J., Atlaw, B., McCornick, P.G., Jeuland, M., Merola, B., et al. (2012). Groundwater Quality And Its Health Impact : An Assessment Of Dental Fluorosis In Rural Inhabitants Of The Main Ethiopian Rift. Environment International. 43...
	Rashed, M., and Niyazi, B. (2017). Environmental Impact Assessment Of The Former Al-Musk Lake Wastewater Dumpsite Using Electromagnetic Induction Technique. Earth Systems And Environment,10. https://doi.org/10.1007/s41748-017-0010-1
	Shanthi, M., Timma Reddy, B. V. & Shivani, K. (2014). Health Impact to Diferent Concentrations of Fluoride in Drinking Water of South India. International Journal of Scientific Study. 2(2),2-5. http://asnanportal.com/images/Orthodontics/Health_Impact_...
	Sreedevi PD, Ahmed S, Made B, Ledoux E, Gandolf JM (2006). Association Of Hydrogeological Factors In The Temporal Variations Of Fluoride Concentration In A Crystalline Aquifer India. Environmental Geology, 50(1), 1-11. https://doi.org/10.1007/s00254-0...
	Ssmo 'Sudanese Standards Metrology Organization' (2002). Drinking Water Guide Lines,Khartoum: Republic Of Sudan.
	Sunkari, E. D., & Danladi, I. B. (2016). Assessment Of Trace Elements In Selected Bottled Drinking Water In Ghana : A Case Study Of Accra Metropolis. International Journal Of Water Resources And Environmental Engineering, 8(10), 137-142. https://doi.o...
	Topitsoglou, V., Liatsa, T.H., Tsolaki, A. (1995). Naturally fluoridated drinking waters at the prefecture of Thessaloniki, Greece. STOMA, 23(5), 15-22.
	Van Steenbergen, F., Haimanot, R.T., Sidelil. A. (2011). High Fluoride, Modest Fluorosis : Investigation in Drinking Water Supply in Halaba (SNNPR, Ethiopia). Journal of Water Resource and Protection,3(2),120-126. https://doi.org/10.4236/jwarp.2011.32...
	Vasanthavigar, M., Srinivasamoorthy, K, Vijayaragavan, K., Gandhi, R., Chidambaram, S., Anandhan, P., Manivannan, R. And Vasudevan, S. (2010). Environ Monitoring Assess.
	Vogt, R. L., Witherell, L., LaRue, D., & Klaucke, D. N. (1982). Acute Fluoride Poisoning Associated With An On-Site Fluoridator In A Vermont Elementary School. American Journal Of Public Health, 72(10), 1168–1169. https://doi.org/10.2105/ajph.72.10.1168
	WHO 'world health organization’ (1993). Global Strategy : Health, Environmental And Development. Approaches To Drafting Countrylevel Strategies For Human Well Being Under Agenda 21. Who Document, Geneva Switzerland.
	WHO 'world health organization' (1993). Guide Lines For Drinking Water Quality In Distribution System, Volume One, Geneva.
	WHO, World Health Organization. (2010). Inadequate Or Excess Fluoride : A Major Public Health Concern. Geneva : Who Public Health And Environment.


