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Abstract The fluoride level in drinking water is an
important parameter and has to be controlled in order
to prevent dental and skeletal fluorosis. The objective of
this study is to assess fluoride content and other water
quality parameters in the samples taken from open
wells, tube wells, and karezes of Mastung, Mangochar,
and Pringabad areas of Balochistan province. A total
number of 96 drinking water samples out of 150 were
found unfit for human consumption. Area-wise analysis
show that the samples from 39 sites from Mastung, 12
from Mangochar, and 13 from Pringabad were found in
the risk of dental fluorosis of mild to severe nature.
However, 12 sampling sites from Mastung, 8 from
Mangochar, and 2 from Pringabad were identified as
the risks of mottling and skeletal fluorosis or other bone
abnormalities. The highest concentration of F has been
observed as 14 mg L' in Mastung. Correlation analysis
show that fluoride solubility in drinking water is pH
dependent; and the salts of Ca®>*, Na', K*, CI", and
SO,4*" contribute to attain the favorable pH for
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dissolution of fluoride compounds in drinking water.
Principal component analysis shows that the geochem-
ical composition of the rocks is only responsible for
groundwater contamination. On the basis of the results,
defloridation of the identified sampling sites and con-
tinuous monitoring of drinking water at regular basis is
recommended at government level to avoid further fluo-
rosis risks.
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Introduction

Fluoride (F") is a natural element that may cause both
beneficial and adverse effects on skeletal tissues (bones
and teeth). Drinking water is the biggest contributor to
F exposure. It comes in water naturally as a result of the
geological composition of bedrock and soil. The natu-
rally occurring fluoride can dissolve easily into ground-
water as it moves through gaps and pore spaces between
rocks. The other significant sources of exposure are
dental products, food, air pollution (as a result of com-
bustion of F~ rich coal), pharmaceuticals, and pesticides.
The World Health Organization (WHO) recommended
0.8-1.2 mg L' as the desired optimal level (target
value) for F to promote public health benefits for
preventing tooth deterioration and 1.5 mg L™ as the
guideline value for a minimal chance for dental fluorosis
(WHO 2006). The risk of dental fluorosis increases with
fluoride levels in drinking water above 1.5 mg L.
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Crippling skeletal fluorosis may arise when fluoride
levels exceed 10 mg L', Fluorosis may also damage
the structure and functions of non-skeletal systems, such
as brain, liver, kidney, and spinal cord (Wang et al. 2004;
Guan et al. 1998; Dote et al. 2000). The EPA’s enforce-
able standard allowed in public water supplies to protect
against risks from exposure to too much fluoride is
4.0 mg L' (EPA 2012). Because of the marginal differ-
ence between beneficial and harmful concerns of F | it is
of great importance to determine F content in drinking
water accurately.

The Mastung (coordinates: 29°48’ 0" N, 66° 50" 60"
E), Pringabad (coordinates: 29° 52’ 33" N, 66°51'41"E),
and Manguchar (coordinates: 29° 20 48" N, 66° 38’ 21"
E) are three adjoining areas located at N-25 road of
Balochistan province. The former two are located in
Mastung district, while the latter is in Kalat district.
All the three areas are surrounded by high mountain
ranges of shirinab and chiltan formations of jurassic
age. These formations mainly contain limestone. A large
number of abnormalities like dental and skeletal fluoro-
sis have been noticed in the inhabitants of these areas.
According to the National Institute of Population
Studies, the projected population of Mastung district in
2012 was 269,000 residents (Aijaz et al. 2011). The
inhabitants of below 14 years age are considered as
children, and they are about 46.8 % of the total popula-
tion. Almost all of the population of the selected areas is
using water from the unprotected and remote sources of
open wells, tube wells, and karezes. The water in these
areas is being used for drinking without any treatment.
The aim of the present study is to identify the mapping
risk of fluorosis considering population exposed and the
potential indicators of high fluoride in water using water
quality parameters. Statistical analysis was also per-
formed to examine the correlations between the fluoride
level and the other water quality parameters.

Materials and methods
Study area

Total 150 representative samples were collected from
three groundwater sources, i.e. open wells, tube wells,
and karezes of the three adjacent localities of
Balochistan province during August-November 2014.
Sample No. 1-90 were taken from Mastung, 91-115
from Manguchar, and 116-150 from Pringabad
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localities. The source of sample No. 1-10 and 101-
133 was open wells. Sample No. 11-80 and 134150
were taken from karezes, and 81-100 were collected
from tube wells. The representative samples were stored
in clean plastic bottles at 4+1 °C.

Analysis of physicochemical parameters

The chemical composition of drinking water was esti-
mated using several analytical techniques. A pH meter
(Orion 720 A) was used to measure the pH of drinking
water samples. Total dissolved solids (TDS) were mea-
sured with a Jenway 4320 conductivity meter. The
Orion 960 Autochemistry system was used to measure
chloride (Cl"), and fluoride (F) in the samples. Ion
selective electrodes against Ag/AgCl reference elec-
trode are used in the autochemistry system, which make
it possible to measure the total amount of free and
complex-bound F and CI dissolved in water. Sodium
(Na") and potassium (K ") ions were measured by flame
photometer (Model 360, Sherwood Scientific Ltd.).
Calcium (Ca*") and magnesium (Mg>") ions were esti-
mated using the atomic absorption spectrophotometer
(PE-2380). Sulphate (SO4>"), carbonate (CO5”"), and
bicarbonate (HCO5 ") ions were measured in accordance
with the standard methods (APHA, AWWA & WEF
1992). The detection limit for cations and anions was
0.1 mg L™". All the measurements were made in tripli-
cate to ensure accuracy and precision in the data, and
most of the RSD were less than 5 %. The results were
compared with the limits recommended by WHO.

Statistical analysis

The correlation analysis was performed to identify the
possible relations between the water quality parameters
using Minitab version 14. Principal component analysis
(PCA) was applied to the data to predict the source of
contamination using XLSTAT statistical software for
Excel.

Results and discussion

The contents of F~' in drinking water samples of the
studied area are shown in Fig. la, b. Among 150 drink-
ing water samples, 54 samples (36 % of the total) were
identified containing the concentration of F~ within the
guideline value of WHO (1.50 mg L"), while 96
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Fig. 1 aF content (mg L") in
drinking water of three different
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samples (64 % of the total) exceeded the guideline
value. High groundwater F~ content is associated with
igneous and metamorphic rocks such as granites and
gneisses (WHO 2006). These alarming results suggest
that area-wise discussion of F~ content is prerequisite to
identify the contaminant sources and the level of
contamination.

Area-wise analysis shows that 29 samples from
Mastung (32.22 %), 5 samples from Mangochar
(20.00 %), and 20 samples from Pringabad (57.14 %)
have the F~ content within the optimal level. Low con-
centration of F in drinking water provides protection
against dental caries through a topical mode of action.
The pre- and post-eruptive protective effects of F~ starts
at 0.5 mg L™ and has been observed up to a concentra-
tion of about 2 mg L' (WHO 2004a, b).

The samples from 39 sampling sites from Mastung
(43.33 %), 12 from Mangochar (48.00 %), and 13 from
Pringabad (37.14 %) were found unfit for drinking
purpose as the F content of these samples were found
in the range of 2.00-5.00 mg L™'. At these

7
S oo

1.00-1.50 1.51-3.00 3.01-5.00 >5.01

[F]/mgL!

concentrations, adverse effects of dental fluorosis are
expected. The severity of dental fluorosis may increase
with increases in fluoride concentration. It starts with
white line striations on the teeth followed by brown
patches and, in severe cases, the brittling of enamel
occur instantly. However, systematic control of F in
these water reserves is necessary. The remaining sam-
pling sites, i.e. 12 from Mastung (13.33 %), 8 from
Mangochar (32 %), and 2 from Pringabad (5.71 %) were
identified, severely contaminated with F~ (6.00—
14.00 mg L™"); and are at high risk of skeletal fluorosis
or other bone abnormalities. The symptoms of skeletal
fluorosis started from pain in different joints, then limits
joint movement, leading to stiffness and skeletal crip-
pling. The highest concentration of F~ was observed as
14, 10, and 7 mg L !in Mastung, Mangochar, and
Pringabad localities, respectively. High concentrations
of F in these areas are associated with dissolution of
substantial deposits of fluorite (total estimated reserves
about 100,000 t) in Balochistan province (Mineral pro-
file of Balochistan 2009). Besides dental and skeletal
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fluorosis, other signs such as nervousness, depression,
and muscle weakness may also appear in connection
with high F intake. Five stations of Mastung have been
identified at the risk of crippling skeletal fluorosis (F—
level=11-14 mg L™"). Area-wise risk assessment of F~
contamination is shown in Table 1. As boiling water and
the classical charcoal-based water filtration systems
used in most homes do not remove fluoride from water;
therefore, distillation and reverse osmosis techniques are
suggested for removing fluoride from the identified
potential locations.

Figure 2a shows that pH values of the majority of the
samples are within WHO (1963) acceptable limits (6.5—
8.5). The pH values have been ranged from 6.5 to 8.5
(average 7.4), 6.5 to 7.5 (average 7.0), and 5.8 to 8.0
(average 7.0) in the samples collected from Mastung,
Mangochar, and Pringabad areas, respectively. Seven
samples of Mastung are found at the border line of the
upper permissible limit for pH (i.e. 8.5). The apparent
effect in these water samples is slippery feeling and
soda-like taste. Five samples of Mastung and two sam-
ples of Manguchar are found at the lower permissible
limit for pH (i.e. 6.5). pH values of five samples of
Pringabad have been observed in the range of 5.8-6.2.
These samples possess a bitter and metallic taste and
show the risk of corrosion in a water supply system. No
health-based guideline value is proposed for pH of
drinking water as it has no direct impact on the con-
sumer’s health. However, the quality of the samples

showing pH near to upper or lower permissible limits
is not satisfactory. The samples should be monitored
periodically to control the corrosion in water supply
systems.

TDS of drinking water represents the sum of Ca”",
Mg®", Na*, and K" cations and CO5>", HCO;, CI,
S0O,*", and NO; anions as the principal inorganic con-
stituents. WHO (2003) recommends 500 and
2000 mg L™" as the desirable and maximum permissible
levels, respectively. TDS level affects the palatability of
drinking water as follows: excellent, < 300 mg L'
good, 300-600 mg Lfl; fair, 600-900 mg Lfl; poor,
900-1200 mg L '; and unacceptable, > 1200 mg L'
(WHO 2003). Water with extremely low concentrations
of TDS may also be unacceptable because of its flat,
insipid taste and lack of useful minerals. There is no
recommendation for generally accepted lower limit, but
80 mg/L may be used. It is evident from Fig. 2b that 27
samples from Mastung have the acceptable TDS level
(80—1200 mg L"), 40 samples have the objectionable
TDS (1200-2000 mg L"), and 23 samples exceeded the
maximum contamination limits (MCL) of 2000 mg L.
Eleven samples of Manguchar show excellent to poorly
acceptable levels, 7 samples have objectionable, and 7
samples exceeded the MCL for TDS. Eighteen samples
from Pringabad have acceptable TDS values, 7 have
objectionable level, and 10 samples crosses MCL. As
no anthropogenic activity has been reported in studied
locations, therefore, minerals of the soil are considered

Table 1 Fluoride concentration in drinking water of different sources in the studied areas

Location Drinking Fluoride concentration for sampling site no:
water
source Safe Dental fluorosis Skeletal fluorosis
(<1.5mgL™h (2.00-5.00 mg L™
Skeletal Crippling
abnormalities fluorosis
(6.00-10.00 mg L") (11.00-14.00 mg L")
Mastung Open well 6,7 1,2,5,10 4,8,9 3
Karez 12, 18, 28, 38, 11,13,14, 17, 20, 21, 15, 16, 19, 22, 23,29,31, 32
4649, 54, 25-27,34-37,39-42, 24, 30, 33,
56-62, 66, 50-52, 55, 63-65, 43-45, 53, 67, 68
72-79 69-71, 80
Tube well 82, 83 81, 84-86, 88-90 87 -
Mangochar ~ Tube well - 91-95, 99-100 96-98 -
Open well  111-115 101, 106, 107, 109, 110 102-105, 108 -
Pringabad Open well ~ 116-120, 127, 129-131 121, 123-126, 128, 132,133 122 -
Karez 135-138, 144-150 134, 139-142 143 -
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as the possible source for TDS. The TDS levels of
natural sources from different geological regions have
been reported from 30 to 6000 mg L', depending on
the solubility of minerals. (WHO 2003).

An elevated TDS concentration does not mean that
the water is a health hazard; it only shows that the
samples may cause aesthetic or nuisance problems as-
sociated with staining, taste, or precipitation. The pres-
ence of high levels of TDS (>500 mg L") in under-
ground water of studied sites may be unpleasant for
consumers owing to the taste and excessive scaling in
water pipes, heaters, boilers, and household appliances.
The scaling is associated with certain components of
TDS, such as CI", SO,*", Mg*", Ca**, CO5*™ etc. and
responsible to shorten the service life of the appliances.
Therefore, in the areas where TDS level is very high, the
responsible constituents should be monitored by local
public health authorities as a regular activity to maintain
the level in the acceptable limit. The treatment of drink-
ing water containing a high amount of TDS depends on
the nature of the cations and anions. The treatment

Sample Number

process may not reduce the concentration of TDS, but
it only reduces the aesthetic problems with water.

The levels of principal cations and anions in ground-
water of the studied areas are shown in Fig.3. Calcium
and magnesium contribute in the hardness of water.
Only 4 samples from Mastung and 2 from Mangochar
were identified within the maximum accepted limit
(75 mg L"), set by WHO (1963) (Olayanju et al.
2011). The concentration of Ca*" was found higher
than the excessive limit of WHO (200 mg L ") in 53,
15, and 16 samples from Mastung, Mangochar, and
Pringabad, respectively. The excessive amount of
Ca”" should be removed by treatments like chemical
softening, reverse osmosis, electrodialysis, and ion
exchange (De Zuane 1997).

Magnesium has considered as non-toxic to humans at
the concentration expected in water. Mg?" salts show
laxative and diuretic effects at a high dose. Sixteen
samples of Mastung were identified to cross the maxi-
mum acceptable level of 50 mg L™, out of which 2 have
above the maximum allowable level of 150 mg L™
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Fig. 3 Principal cations and anions in drinking water of studied
areas (double lines show maximum permissible limits recommend-
ed by WHO 2004a, b). Samples: o Mastung open well, @ Mastung
kareze, ® Mastung tube well, A Mangochar open well, A

(WHO 1963; Olayanju et al. 2011). The presence of
higher amounts of Ca®" and Mg®" represents the hard-
ness of water and shows that these samples are not
suitable for drinking purpose.

High intake of sodium (Na) is considered harmful for
patients suffering from renal, cardiac, and circulatory
diseases. No maximum limit has suggested by WHO;
however, 200 mg L' Na" is listed as a potential com-
plaint for taste. 51 samples (more than half) from
Mastung, 2 samples from Mangochar, and 4 samples
from Pringabad were identified as containing a high
concentration of Na'. Ion exchange, demineralization
process, and limitation of pollution sources are recom-
mended for affected drinking water sources. Only 5
samples of Mastung were identified to have an exceeded
amount of K* (>250 mg L"). It shows that Ca** and
Na' cations are responsible for high TDS levels in
selected sites. It is important that drinking water does
not serve as the main source of Ca2+, Mg2+, Na', and
K'; it only provides supplemental nutrients to the diet.
Therefore, it is better to fulfill the nutritional require-
ment of these nutrients from food.

The main source of human exposure to chloride (CI")
is the addition of sodium chloride to food; drinking
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water provides relatively lower contribution. High CI™
in drinking water promotes to the rate of corrosion of
metals in drinking water; as the result, it increases the
concentrations of metals in the supply system. The
health authorities have not proposed health-based guide-
line value for Cl in drinking water as it has a slight
importance from a public health perspective.
Conversely, CI” concentration is related to Na' ions,
and higher than 250 mg L™ develops a detectable taste
in water and linked to heart and kidney diseases (Kumar
and Puri 2012). A total number of 39 samples (34 from
Mastung and 5 from Pringabad) were identified with a
concentration of C1~ above 250 mg L.

No adverse human health effects have been reported
for the limits of SO4> in drinking water. However, a
laxative effect at concentrations of 1000—1200 mg L™
has been observed, which does not cause diarrhoea,
dehydration, or weight loss. The lowest taste threshold
concentration for SO4° is reported as 250 mg L ™" as a
sodium salt (WHO 2004a, b). Figure 3 shows that 38
samples from Mastung, 3 from Mangochar, and 8§ from
Pringabad have a concentration greater than
250 mg L', The presence of high SO,* may contribute
to the taste and corrosion of a water supply system.
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Bicarbonate (HCO; ) and carbonate (CO5>") contrib-
ute to the alkalinity of water. No aesthetic level or max-
imum acceptable concentration in drinking water has
been set for these anions. HCO;~ of Ca*" and Mg*"
decompose in steam boilers to form scale and release
corrosive carbon dioxide gas. The concentrations of
CO;* in samples were identified as 57-299, 85-194,
and 65299 mg L™' in Mastung, Mangochar, and
Pringabad localities, respectively. HCO;  was estimated
in the range of 131-641, 167-365, and 102-355 mg L
in Mastung, Mangochar, and Pringabad, respectively.

Statistical analysis
Correlation analysis

Correlation analysis has been performed on the individual
data of each area. Significant correlations of F have been
observed with pH in samples from Mastung (*=0.291,
p=0.005), Mangochar (*=0.406, p=0.044), and
Pringabad (**=—0.552, p=0.001). The results indicate that
F solubility in drinking water is pH dependent. The other
significant correlations of F~ in Mastung were observed
with TDS (2=0.449, p<0.001), Na* (+*=0.454,
p<0.001), K" (#=0.647, p<0.001), CI" (*=0.216, p=
0.041), and SO4* (#*=0.267, p=0.011). This indicates
that high amount of F is present in those water samples
which contain high amount of dissolved solids. In other
words, F~ contributes in TDS. Similarly, Na*, K*, CI", and
SO,* are identified to form positive correlation with the
F". On the other hand, the data of Mangochar show
significant correlations of F~ with TDS (+*=—0.662,
p<0.001) and Ca*" (7=—0.444, p=0.026). It shows that
those water samples of Mangochar which contain high
amount of F also contain high amount of dissolved salts
of Ca>" jons. No other significant correlation has been
observed for Pringabad samples.

PCA

The Principal Component Analysis (PCA) was ap-
plied to the data to visualize the possible correlations
among the variables and principal components (PCs).
The eigenvalues are shown as clustered columns at
primary y-axis, and the cumulative variability (%) is
shown as the line with markers at secondary y-axis in
the scree plot (Fig. 4a). It is evident from the figure
that the first four principal components (PC1-PC4)
are significant on the basis of the eigenvalue (>1)

and represent 66.85 % of the initial variability of the
data. The significant PCs are shown as filled columns,
while non-significant components (P5-PC11) are
shown as unfilled columns in the scree plot.

The correlations between the PCs and the original
variables were estimated. A correlation value above 0.5
is considered important in this study. The first principal
component (PC1) explained 32.12 % of the total vari-
ability and is strongly correlated with K ions (0.812),
followed by Na® (0.77), SO,* (0.76), pH (0.65), F~
(0.54), and Mg*" (0.52). This suggests that drinking
water samples of high Na*, K*, and Mg®" contains high
SO4* and F~ ions. The second component (PC2)
(14.50 % of the variance) was found a function of
CO5% (0.75), Ca*" (—0.55), and HCO;~ (0.53). This
observation indicates that the presence of CO;> and
HCOj3; in these samples decreases the availability of
Ca*" ions. The third component (PC3) has observed as a
measure of CI (0.65) and TDS (—0.51) with 10.74 % of
the total variability. It shows that the TDS values of
those samples are higher which contains the lower
amount of Cl” ions. The fourth component (PC4) was
correlated to Mg*" (0.63) with 9.49 % variance.

Figure 4b represents scatter biplot of PC1 and PC2
components. The trends of the data show that the three
study sites are clustered and intermixed with each other.
As no anthropogenic activities have been reported in the
studied areas, therefore, it is evidenced that the rocks
present in these areas possibly contribute to the F~
contamination in groundwater. Hence, it is concluded
that the three sources of groundwater are interlinked to
each other and apparently comes from the layers of the
same environment. However, the chemical composition
of drinking water of Mastung exhibited a wide range of
variations which is attributed to the difference in geo-
chemical composition of the rocks of this area.

Conclusions

The inhabitants of Mastung, Mangochar, and
Pringabad rely on drinking water from unprotected
and remote sources of groundwater. With the excep-
tion of 36 % sampling sites, the rest of the sites
were identified as contaminated and unfit for human
consumption. About 64 % locations of the sites were
found at the risk of dental caries, dental fluorosis, or
skeletal fluorosis. Area-wise analyses show that
groundwater of 43.33 % sampling sites from
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Fig. 4 Principal component
analysis. a Scree plot b Biplot
showing score and loading plots 3
simultaneously (A;, and A, are
eigenvalues and EVy, and EV,
explained variance %). Samples:
o Mastung open well, @
Mastung kareze, ® Mastung tube
well, A Mangochar open well, A
Mangochar tube well, o
Pringabad open well,
Pringabad kareze

~
o

—
I

Eigenvalue

=1.59,EV, = 14.50 %)

PC2(2,

Mastung, 48.00 % from Mangochar, and 37.14 %
from Pringabad sampling sites are contaminated with
high level of F. The salts of Ca®", Na', K', CI',
and SO,> were identified to contribute in TDS and
pH of groundwater. Correlation analysis shows that
F solubility in drinking water is pH dependent, and
high amount of F is present in those samples of
Masung which contains high amount of TDS, Na®,
K', CI', and SO,*. Conversely, high amount of F~
has been observed in those samples of Mangochar
which contains high amount of dissolved salts of
Ca®" jons. On the basis of the results, it is conclud-
ed that the rocks present in the three areas possibly
contribute to F~ contamination in groundwater.
Additionally, the three sources of groundwater (open
well, karez, and tube well) are interlinked to each
other and comes from the layers of the same sur-
roundings. However, even no comprehensive health
surveys reported for abnormalities in the skeletal
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Cumulative variability (%)

PCl (A, =3.53,EV , =32.12 %)

tissues in studied areas from which the overall extent
of the problem could be assessed. Due to the thin
dividing line between the beneficial and hazardous
effects of fluoride, drinking water schemes for public
health should be introduced by the local authority in
the country and monitored continuously to retain the
appropriate amounts of F and other cations and
anions contribute to the quality of drinking water.
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