

COMPARATIVE AND STATISTICAL ANALYSIS OF LEVEL OF FLUORIDES IN SAMPLED BOTTLED AND BONE CHAR DEFLUORIDATED WATER IN NJORO, NAKURU COUNTY



ABSTRACT
The use of water with high fluoride concentration poses a health threat to millions of people around the world,  therefore there is need to determine the levels of fluoride in water for domestic use and document for purposes of providing information on maximum allowed levels of fluorides in water and its effect in excess. This can aid finding ways of removing these ions from water if they are in excess. The objectives of the study were to assess the levels of fluoride in some sampled bottle water and compare with fluorides in borehole water sampled from Njoro,Nakuru County but which had undergone defluoridation in eight different houses. Water samples were collected and no sample pretreatment was done, but stored for a week to attain same room temperature conditions. Ion selective electrode, pH meter, Thermo-Orion 96-09 model was used for the fluoride determination in the laboratory, by the Association of Official Analytical Chemists (AOAC) procedure. Data obtained was subjected to Microsoft Excel and analysis of mean, standard deviation and comparison of means was done by paired method since the samples came from different sources. The obtained results from bottled water conformed with  World Health Organisation (WHO) permissible limits of 1.5 mg/L They were actually insignificant that the producing company choose to label it as nil.But  fluorides in borehole defluoridated water were found to be above 1.5 mg/L permissible limit. But the level of fluorides in bottled water was well below the threshold permissible limit of WHO. 
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INTRODUCTION	
The first WHO publication dealing specifically with drinking-water quality was published in 1958 as International Standards for Drinking-water  [1].It was subsequently revised in 1963 and in 1971 under the same title .In 1984–85, the first edition of the Guidelines constituted a significant departure from the previous International Standards. The basic premise of the Guidelines was that they are not standards as such, but should be used as a basis for setting national or regional standards taking into account local, social, cultural, environmental and economic considerations. The primary aim was to assess microorganisms and chemicals present in drinking water [2].
Fluoride is one of the very few chemicals that have been shown to cause significant effects in people through drinking-water [3]. Fluoride is known to have  health  benefits on teeth at a low concentrations in drinking-water, but in excess exposure combined with exposure from other undeniable sources, it can result to a number of adverse effects. 
In this experimental analysis we dealt with statistics as a mathematical tool for quantitative analysis of data, and as such it served as the means by which we extracted useful information from data. In this study we were concerned with data that are generated via experimental measurement. Experimentation often generates multiple measurements of the same thing, which are replicated and are subject to errors. Statistical analysis can be used to summarize those observations by estimating the average, which provides an estimate of the true mean [4]. Another important statistical calculation for summarizing the observations is the estimate of the variance, which quantifies the uncertainty in the measured variable [5]. Sometimes measurements of one quantity are done and we want to superimpose the measurements to justify values of a derived quantity. Statistical analysis can be used to propagate the measurement error through a mathematical model to estimate the error in the derived quantity[6]. Sometimes we measure two different things and we want to know whether there really is a difference between the two measured values. Analysis of variance (t-tests) can be used to estimate the probability that the underlying phenomena are truly different [6]. Finally, we may have measured one variable under a variety of conditions with regard to a second variable. 
The effects of fluorides range from mild dental fluorosis to crippling skeletal fluorosis as the level and period of exposure increases [7]. Crippling skeletal fluorosis is a significant cause of morbidity in a number of regions of the world [8].Fluoride is known to occur at elevated concentrations in a number of parts of the world and in such circumstances can have, and often has, a significant adverse impact on public health and well-being.. 
The use of high fluorinated water in terms of concentration poses a health risk to millions of people globally. Drinking water is often the main source of fluoride intake by humans, especially in areas where fluoride concentrations of groundwater or surface water rare high[9] . During formative stages (up to eight years of age), fluoride ingested is distributed throughout the body and retained in bones and teeth [10]. As a result people develop brown to black teeth and weak bones which fracture easily; a condition known has dental and skeletal fluorosis respectively  [11].In more severe cases, the skeletal fluorosis affects limb bones making them brittle and weak resulting in ricketed legs. Excess fluoride in water has been linked to hip fracture from studies conducted in UK [12]and the US [13]. 
[bookmark: _Toc457070573]Therefore there is need to know the fluoride content of water used for drinking and other domestic chores in order to avoid exposure to fluorides. Communities in rural areas use water from natural sources without treatment, and water quality monitoring is not possible because many rural areas are relatively inaccessible. Thus, especially in recent studies, it has been proposed that more fluoride surveys should be conducted to establish the risk posed by increasing fluoride exposure in certain communities [14]. Communities living within Nakuru County are known to be affected by dental fluorosis[15, 16] and there is need to monitor the available commercial water sold together with water that families defluoridated using bone char to be able to quantify and advice on their safety through policies. 

METHODOLOGY
Reagents and chemicals
Fluoride standard solution 1000 mg/L (stock), Total Ionic Strength Adjustment Buffer (TISAB), which provides a constant background ionic strength, complexes fluoride ions and adjusts the solution pH were used. All reagents and chemicals used in this study were of analytical grade unless otherwise stated.
[bookmark: _Toc457070574]Preparation of standards
The best preparation of standards is through serial dilution .The serial dilution means that an initial standard is diluted, using volumetric glassware, to prepare a second standard solution. The successive standards are similarly diluted from the preceding standard, in the desired range until all standards have been prepared.
 To prepare a 100 mg/L fluoride standard – 10 mL of the1000 mg/L standard was pipetted into a 100 mL volumetric flask. The  solution are made to the mark using deionized water.
To prepare a 10 mg/L standard –10 mL of the 100 mg/L standard was pipetted into a 100 mL volumetric flask. And diluted to the mark with deionized water and mixed well. 
To prepare a 1 mg/L standard – 10 mL of the 10 mg/L standard was pipetted into 100 mL volumetric flask and diluted to the mark with deionized water and mixed well.
To prepare standards with a different concentration the following formula was used:

C1 * V1 = C2 * V2
C1 = concentration of original standard
V1 = volume of original standard
C2 = concentration of standard after dilution
V2 = volume of standard after dilution
[bookmark: _Toc457070575]Equipment and instruments
 Perfect ION™ combined fluoride ion selective electrode, Conductivity meter, stirrer,volumetric flasks, graduated cylinders, beakers and pipettes ,distilled water, ion electrolyte, a reference filling solution were used.
[bookmark: _Toc457070576]Sample collection, preservation and storage.
Sample for analysis were collected from local retail supermarkets and borehole (defluoridted) from families living in Njoro, no treatment was done before analysis but were kept in a cool place. Samples from supermarket were in plastic containers, local borehole samples were collected and stored in plastic containers  which had been thoroughly cleaned and rinsed with deionized water. The sample volume was sufficient for analysis.
[bookmark: _Toc457070577]Electrode and Measurement Setup
[bookmark: _Toc457070578]Electrode Preparation
 The protective shipping cap from the sensing element was removed and the cap saved for storage. The electrode was filled with Ion Electrolyte, Reference filling solution [17].
[bookmark: _Toc457070579]Electrode Filling Instructions:
 The flip spout cap was installed on the filling solution bottle and lifted on the bottle to a vertical position. The spout was inserted into the fill hole on the outer body of the electrode and a small amount of filling solution was added to the reference chamber. The electrode was inverted to moisten the O-ring and then returned to the upright position. The electrode body was held with one hand and the thumb used to push down on the electrode cap to allow a few drops of filling solution to drain out of the electrode. 
[bookmark: _Toc457070580]Checking Electrode Operation (Slope)
 This procedure measures the electrode slope. The electrode was first prepared since it had been stored dry , the electrode was connected to a meter set to mV mode ,then 10 mL of TISAB III and 50 mL of distilled water were placed into a 150 mL beaker. And the solution stirred thoroughly. The electrode was rinsed with distilled water and placed into the solution that has been prepared. 100 mg/L fluoride standard was selected and 1 mL of the standard are pipetted into the beaker and stirred thoroughly .When a stable reading was displayed, the electrode potential in millivolts was recorded. Then 10 mL of the same standard  was pipetted into the same beaker and the solution stirred thoroughly. When a stable reading was displayed, the electrode potential in millivolts was recorded. There should be a 54 to 60 mV difference between the two millivolts readings when the solution temperature is between 20 to 25 ˚C.. For this analysis the slope was 57 mV [18].
[bookmark: _Toc457070581]Sample Requirements
The epoxy body of the fluoride electrode is resistant to damage by inorganic solutions. The temperature of the samples and standards must be the same. The solution temperature was less than 100 °C. In all analytical procedures, TISAB was added to all samples and standards before measurements were taken.
[bookmark: _Toc457070582]Measurements
Fluoride concentration can be measured in moles per liter (mol/L), milligrams per liter (mg/L) or any convenient concentration unit. But in this study fluoride concentration was reported in ppm which is equivalent of 1 mg/L.
[bookmark: _Toc457425624]Table 1 –Fluoride concentration unit conversion factors
	mol/L		

	Mg/L Fluoride (F-)

	1.0
	19000

	10-1
	1900

	10-2
	190

	10-3
	19

	10-4
	1.9



TISAB III was selected, and added to all samples and standards so that the dilution ratio of TISAB to solution remained the same. 10 mL of TISAB III to every 50 mL standard or sample were mixed. They were stirred at a uniform rate using a magnetic stirrer. Fresh standards were always used for calibrating the electrode and always rinsed with deionized water between measurements and shaken to remove the water and prevent sample carryover. Wiping or rubbing the electrode was never allowed because of electrode sensing element. All standards and samples were allowed to come to the same temperature for precise measurements. Insulating material, such as cardboard was placed, between the magnetic stirrer and beaker to prevent measurement errors from the transfer of heat to the samples the electrode calibration was verified every two hours by placing the electrode in a fresh aliquot of the least concentrated standard used for calibration. If the value had changed by more than 2%, the electrode was recalibrated. After immersing the electrode in a solution, the electrode sensing surface was checked for air bubbles if present were removed by re-immersing the electrode in the solution.
Known Addition Set up
The electrode was prepared as described in the electrode preparation section. The electrode was then connected to the meter. A standard solution was prepared that would cause the fluoride concentration of the sample to double when added to the sample solution. Then the electrode slope was determined by performing the procedure in the checking electrode operation (slope) section. The electrode was rinsed with deionized water.
[bookmark: _Toc457425625]Table 2-Guideline for known addition
	Volume of Addition
	Concentration of Standard

	1 mL
	100 times sample concentration

	5 mL
	20 times sample concentration

	10 mL
	10 times sample concentration


[bookmark: _Toc457070583]Known Addition Using a Meter with a Millivolts Mode
The meter was set to the millivolts mode. The electrode was rinsed with deionized water, blot dried and placed into the beaker. When a stable reading was displayed, the actual mV value was recorded. The appropriate amount of standard solution was pipetted into the beaker. Then the solution was stirred thoroughly. When a stable reading was displayed, the mV value was recorded again. The first reading was subtracted from the second reading to calculate ΔE. Q value was calculated, it corresponds to the change in potential, ΔE. To determine the original sample concentration, the following formula was  used.
C sample = Q * C standard
C standard = Standard concentration
C sample = Sample concentration
The table of Q values was calculated for a 10% volume change.
The equation for the calculation of Q for different slopes and
Volume changes are given below.
Q =	
	
ΔE = E2 – E1 on analysis of fluorides for bottled water
S = slope of the electrode
[bookmark: _Toc457070584]p = volume of standard / volume of sample

RESULTS
The following results were obtained;
Analysis of Fluorides in bottled water gave the following results. 
[bookmark: _Toc457425626]Table 3 : Raw data on analysis of fluorides for bottled water
	Sample
	I st Mv  Value
	2 nd mV Value
	Fluorides in ppm

	1
	209
	185
	0.3512

	2
	210
	186
	0.3512

	3
	210
	186
	0.3512

	4
	219
	190
	0.2646

	5
	213
	190
	0.3728

	6
	222
	192
	0.2507

	7
	213
	190
	0.3728

	8
	206
	186
	0.4492

	9
	218
	196
	0.3962

	10
	212
	185
	0.2955

	11
	220
	186
	0.2033

	12
	216
	190
	0.3127



Table 4: Statistical determination of mean and standard deviation of bottled water
	I
	xi
	(xi-
	(xi-2

	1
	0.3512
	0.0202
	4.080410-4

	2
	0.3512
	0.0202
	4.080410-4

	3
	0.3512
	0.0202
	4.080410-4

	4
	0.2646
	-0.0664
	4.4089610-3

	5
	0.3728
	0.0418
	1.7472410-3

	6
	0.2507
	-0.0803
	6.4480910-3

	7
	0.3728
	0.0418
	1.7472410-3

	8
	0.4492
	0.1182
	0.01397124

	9
	0.3962
	0.0652
	4.2510410-3

	10
	0.2955
	-0.0355
	1.2602510-3

	11
	0.2033
	-0.1277
	0.01630729

	12
	0.3127
	-0.0183
	3.348910-4

	
	=3.9714
	
	=0.05170036



Mean
[image: http://mtweb.mtsu.edu/stats/regression/level1/meanstdev/img5D.gif]
=
3.9714
 12	

= 0.331

Standard deviation

[image: http://www.statisticshowto.com/wp-content/uploads/2013/11/sample-standard-deviation.jpg]
     =           
    = 0.0686
[bookmark: _Toc457070586]Statistical Analysis of Data
Null Hypothesis   Ho: =µ
Alternate Hypothesis HA : 

t exp = µ n
               s

=   0.331-0  
    0.0686
=16.71
The critical value for t (0.05, 11)  is  2.23.Since t exp is greater than t (0.05,11) ,we must reject the null hypothesis and accept alternate hypothesis. At 95 % confidence level the difference between the sample and population mean is significantly different.
[bookmark: _Toc457425628]The observed t-statistic value is 16.71.The t-statistic with (12-1) = 11 degrees of freedom lies within the range bracketed by the positive and negative values of the observed t-statistic.
Table 4 :Raw data on analysis of fluorides in defluoridated water
	Sample
	1 st Mv Value
	2 nd Mv Value
	Fluorides in ppm

	1
	160
	152
	1.1554

	2
	156
	150
	1.4363

	3
	171
	164
	1.2834

	4
	151
	146
	1.6219

	5
	149
	145
	1.8516

	6
	179
	166
	0.7387

	7
	175
	161
	1.8721

	8
	135
	133
	2.5251



[bookmark: _Toc457425629]Table 5: statistical determination of mean and standard deviation of defluoridated water
	i
	xi
	( Xi  - )             
	  ( Xi  - )2


	1
	1.1554
	-0.4052
	0.16418704

	2
	1.4363
	-0.1243
	0.01545049

	3
	1.2834
	-0.2772
	0.07683984

	4
	1.6219
	0.0613
	3.7576910-3

	5  
	1.8516
	0.291
	0.084681

	6
	0.7387
	-0.8219
	0.67551961

	7
	1.8721
	0.3115
	0.09703225

	8
	2.5251
	0.9645
	0.93026025

	
	=12.4845
	
	  )2=2.04772817



Mean 
[image: http://mtweb.mtsu.edu/stats/regression/level1/meanstdev/img5D.gif]


12.4845
 8	
= 1.5606
Standard deviation
[image: http://www.statisticshowto.com/wp-content/uploads/2013/11/sample-standard-deviation.jpg] 

= 
    
    = 0.5409
Null Hypothesis   Ho: =µ
Alternate Hypothesis HA : 

t exp = µ n
               s
= 1.5606 -1.5  
    0.5409
= 0.32
The critical value for t(0.05,7)  is  2.36.Since texp is 0.32  is lesser than t(0.05,7) ,we must accept the null hypothesis and reject alternate hypothesis .At 95 % confidence level the difference between the sample and population mean is  not  significantly different.
The mean between the bottled water and defluoridated data.
To compare the mean between bottled and defluoridated water, the paired t- test since the samples are from different sources and involve different concentrations. The following null and two –tailed alternative hypothesis were used.
Null Hypothesis:           Ho: =0	
Alternate Hypothesis     HA:  
Defining the differences between the methods as
	d = Xbott - X defluor
	
Statistical analysis using paired method
[bookmark: _Toc457425630]Table 6 : statistical analysis using paired method
	Sample
	D
	  d-
	2

	1
	-0.8042
	0.4109
	0.16883881

	2
	-1.0851
	0.13
	0.0169

	3
	-0.9322
	0.2829
	0.08003241

	4
	-1.3573
	-0.1422
	0.02022084

	5
	-1.4788
	-0.2637
	0.06953769

	6
	-0.4880
	0.7271
	0.52867441

	7
	-1.4993
	-0.2842
	0.08076964

	8
	-2.0759
	-0.8608
	0.74097664


		
   =           
	= -9.7208/8
= -1.2151
s.d=di-di2/n-1
	= 
          = 0.4937

The test statistic is
t exp=     
                sd

=   1.2151x
          0.4937
= 6.96
The value for critical value at t (0.05,9) is 2.36
 
The t experimental is larger than t critical thus the null hypothesis is rejected  

DISCUSSION 
The Fluoride levels in the bottled waters sampled ranged from 0.2507mg/Litre (ppm) to 0.4492 mg/Litre (ppm) (almost half the concentration in borehole water).12 samples of the bottled waters was analysed and it showed a level for the presence of Fluoride in the water. These showed a much greater variation from the stated levels that most of the minerals tested (up to 45% difference ) but the actual levels are so low these percentage differences are probably meaningless. Compared with WHO standards, which states that permissible fluoride water content should not be higher than 1.5 mg/L the amount of fluorides present is not significant to cause dental or skeletal fluorosis.The fluoride levels in the borehole water before defluoridation showed a mean of 2.5252 ppm  and the defluoridated showed a concentration of 0.7387 ppm to 1.8516 ppm. The water samples were drawn from borehole and defluoridated through the bone char. The first sample which gave 2.5251 ppm was the raw one before defluoridation. The rest were passed through different bone chars in seven households, borehole water was drawn and defluoridated ,the fluorides concentration in some water were below the WHO standard and others were slightly above,that depends on the strength of the bone jar. For bottled water, we reject the null hypothesis and accept the alternate hypothesis. In this case, the “known value” against which the average was being compared is zero. The observed value of the t-statistic, 16.71, is very large indicating a strong signal to noise ratio. One can use a table of t-statistics to find the probability that t lies within the range of –16.71 to +16.71, but most textbooks list values of the t-statistic for only a few selected values of α (e.g. 0.25, 0.1. 0.05, 0.025, 0.01, 0.005).
 But for borehole defluoridated water, The critical value for t(0.05,7)  is  2.36.Since texp is 0.32  and  is lesser than t(0.05,7) ,we must accept the null hypothesis and reject alternate hypothesis .At 95 % confidence level the difference between the sample and population mean is  not  significantly different. This is achieved because the bone char are conditioned to result in fluoride level of less than 1.5 ppm, unless otherwise its sensitivity has gone down due to overuse without replacement.
  CONCLUSION
Underground water (borehole) vs. bottled water
Fluoride levels in borehole water within Njoro sampled (contains at least 2.5 ppm) fluorides ,therefore unsafe for domestic use throughout the year .At the same time it is very difficult to come to any firm conclusions here regarding the merits and disadvantages of the different bottled waters sampled in this survey. For one thing, there is such a wide variation in Natural Mineral Waters. What is clear, however, is that bottled water because of the required treatments; consistently sit within the safety limits of whichever parameter is being looked at however there is variance in fluoride content because of  the very nature  of natural mineral waters due to their characteristic  high mineral contents though varying  from source to source;- they can’t be treated in any way other than by the addition of carbon dioxide; meaning  that consumers need to take discretion of which brands they consume. This is not the case with sampled de-fluoridated water, which also has the advantage of being ecologically friendly (it is not transported by road over large distances, or even around the world),for them there is variance and this could be due to efficiency of bone char which requires constant monitoring. 
Since borehole water a contain fluoride levels above 1.5 mg/L or ppm, thereby posing a serious risk of fluorosis. Therefore it is recommended that clean alternative sources should be used such as harvesting of rainwater.
 In order to mitigate the debilitating effects of dental fluorosis in the area, low cost de-fluoridation methods should be introduced, for example use of use of bone char or any other low cost alternative method.
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