Electronic Journal of University of Aden for Basic and Applied Sciences

EJUA-BA Vol. 1 No. 1 (2020)
https://ejua.net/index.php/EJUA-BA/article/view/8

ISSN: 2708-0684

RESEARCH ARTICLE

HYDROGEOCHEMICAL CHARACTERIZATION AND ENVIRONMENTAL IMPACT
OF FLUORIDE CONTAMINATION IN GROUNDWATER FROM AL-DHALA BASIN,

YEMEN

Abdulmohsen S. Al-Amry**, Abdulmnem Habtoor? and Aydroos Qatan®

123pepartment of Engineering Geology, Faculty of Oil and Minerals, University of Aden, Atag, Shabwa, Yemen

*Corresponding author: Abdulmohsen S. Al-Amry E-mail: alamry1972@yahoo.com

Received: 30 Jan 2020 / Accepted: 19 Feb 2020 / Published online: 07 Mar 2020

Abstract

Groundwater is the only source of water in the Al-Dhala Basin, and its quality is important because it
defines the suitability of the groundwater for drinking and other domestic uses. The main objective of the
study was to obtain a better understanding of the factors controlling the high levels of F in groundwater
samples. Groundwater samples from the study area were collected from 28 selected wells. The areas with
high fluoride concentrations have been identified, and the possible causes for its variation have been
investigated. The regional hydrogeochemical investigation indicates that water-rock interaction is probably
the main reason for the high concentration of ions in groundwater. The geochemical modeling indicates that
calcite and fluorite are the main minerals controlling the aqueous geochemistry of elevated fluoride ion
contamination occurring in the groundwater of the study area.

The fluoride ion concentration in Al-Dhala Basin comprises 71% of the water used for the drinking
purpose. Dental and skeletal fluorosis are present in people in the area who receive their drinking water
sources at high levels of fluoride from the wells. The population of the study area is at high risk because of
the excessive intake of fluoride, especially in the absence of knowledge of the fluoride consumption.
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1 Introduction

Fluoride is known to occur at high concentrations in
various parts of the world and can have significant adverse
effects on public health and wellbeing under such
conditions. About one-third of the world's population uses
groundwater for domestic, agricultural and industrial uses
[1]. Safe drinking water supply and deterioration of
groundwater quality are a major problem worldwide [2,3].
The main sources of Fluoride ions in groundwater are
derived from the weathering and leaching of amphiboles,
fluorite, apatite, and mica. It occurs as Fluoride ion
naturally in soils and groundwater due to chemical
weathering of some F-bearing minerals [4,5] (Sajil Kumar
et al. 2015; Totsche et al. 2000). Thus, high F- ions are
highly expected in the areas, where F-bearing minerals are
abundant in the rocks. [6,7]

Fluorosis is an extensive health problem worldwide, which
is affecting millions of people in many areas of the world,
for example, India [8-12], Pakistan [13,14], East Africa

[15-17], Turkey [18,19], southeastern Korea [20], northern
China [21,22], central region of Argentina [23], Palestine
[24] and in Yemen. [25-27]

The maximum permissible limit value of fluoride
concentration in drinking water is 1.5 mg/l [28], the
guiding value of fluoride may be changed based on some
factors like humidity, temperature, the volume of water
intake fluoride from other sources, etc for different regions
of the world. The Yemeni Standard specifies the desirable
and permissible limits for fluoride in drinking water as 1.0
and 1.5 mg/l, respectively.

Fluorosis, especially the skeletal one is historically
unknown in Yemen. It is known only about 8 to 10 years
reported back. Clinically, it's developed due to the
concentration of fluoride in bones. However, dental
fluorosis is not new in Yemen, especially in Taiz
governorate.
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The main objective of this paper is to understand the control
of geochemical processes on the F enrichment in
groundwater in Al-Dhala, Yemen and its relationship with
other major element concentrations and its health
implications. The primary purpose of this paper is to obtain
a better understanding of the factors controlling the high
levels of F in groundwater samples.

2  Location

Al-Dhala Basin located in the south-west part of Al-Dhala
governorate and extends into three districts; they are Al-
Dhala, Qa'tabah, and Al-Husha districts and spread over an
area of about 298 km?. The main source of the basin is the
drainage system of upper Wadi Tuban where the mean
stream of the basin has its origin in the hilly regions at Ibb
Governorate. The basin streams flow from north-west to
low-lying alluvial plains in the downstream part of Al-
Dhala, basin beyond Qarad Village (Fig.1).

3  Geology and hydrogeology

The oldest rocks, recognized in Al-Dhala basin are from
Cretaceous age known as sandstone of Tawilah Group. The
sandstone of Tawilah Group outcrops in the central part of
the basin in small portion, in the west; elsewhere due to
block faulting it has gone down and is covered by Tertiary
volcanic (Fig. 1). Tertiary volcanic rocks (TV) comprising,
Basalt, Rhyolite, Dacite, Ignimbrite, and Basaltic
Pyroclastic deposits covers a major part of the basin border
(Fig.1). Younger acidic or basic intrusives, as well as, dikes
or sills, occur in the area, such as granitic rocks which
exposed in the southeastern part of the basin. It is found
between Wadi Siwat and Wadi Matar to the NW of Ad
Dhala city[29]. Most of the area of the basin is covered by
Quaternary deposits (Fig.1). It consists of sands and gravels
of various grain sizes, the coarse-grained alluvium occurs
in Wadi beds at the foot of the hills, the sands, silt and clay
material occur in the wide Wadis in the study area. These
deposits are derived from the surrounding volcanic rocks.
The thickness in the upstream of Wadis does not exceed 5
m and may reach 10 m in the down streams of the Wadis.
[30]

Hydrogeologically there are two aquifers, Shallow or
Upper Aquifer and Deeper Aquifer. The upper aquifer
comprises of Quaternary alluvial (QA) deposits or upper
fracture volcanic (TV) or Tawilah sandstone or
combination of either QA or TV or QA and sandstone. The
Deeper aquifer comprises of Tertiary volcanic or Tawilah
sandstone or combination of the two. [30]

Quaternary alluvial constitute the shallow aquifer in a
major part of the basin. The width ranges from 5m to a few
hundred meters and thickness is typically less than 20m and
transmissivity ranges from 8-800 m2/day [30]. These
deposits have extremely favorable recharge from Wadi
floods. However, after the rainy season these drain quickly.

Deeper aquifer receives recharge directly from the rain and
surface runoff in areas where they outcrop especially in the
high elevated area of the catchment area. The specific
capacity of some wells has been evaluated by NWSA/AI-
Dhala. It ranges between 0.06 to 3.5 m3/hr/m for TV
aquifer and between 0.42 to 6 m3/hr/m for Tawilah
sandstone aquifer. The Upper and Deeper aquifers are
hydraulically interconnected. [30]

4 Materials and methods

A total of 28 representative groundwater samples were
collected from all parts of Al-Dhala, basin so that full
geographic representation has been made for the
distribution of fluoride ion in the groundwater of the study
area. Temperature, pH, and conductivity were measured at
the sampling sites. Exact sampling locations were marked
with the help of GPS and the coordinates were plotted on
the map. Groundwater samples were analyzed for
conventional water quality parameters according to APHA
methods [31] in the laboratory of Local Corporation for
Water Supply and Sanitation, Aden Governorate. The
analytical precision for the measurements of cations (Ca,
Mg, Na, and K) and anions (HCO3, Cl, SO4, NO3, and F),
indicated by the ionic balance error (IBE) was computed on
the basis of ions expressed in meg/l. The value of IBE was
observed to be within a limit of £5%. [32,33]

5 Results and Discussion

5.1 Hydrochemistry of water

The results of the chemical analysis data of groundwaters
from Al-Dhala, basin is presented in Table 1. The pH of
groundwater varied from 6.61 to 8.60 with a mean of 7.37,
indicating alkaline groundwater in nature. Concentration of
TDS, a measure of quality, ranged from 529 to 2560 mg/|
with a mean of 1379.5 mg/l. According to the TDS
classification (Todd, 1985), 75 % of the samples of
groundwater belonged to the brackish type (TDS> 1000
mg/l). Among the cations, the concentrations of Ca, Mg
and Na ions ranged from 12 to 224, 2 to 204 and 145 to
1352 mg/l with a mean of 74.94, 32.64 and 451.14 mgl/l,
respectively. The major ion chemistry data revealed that Na
is the most predominant cationic constituents followed by
Ca and Mg. The dissolved anions of SO4, Cl, HCO3 and
NOs ions ranged from 75 to 2130, 50 to 1400, 73 to 1098
and 2 to 132 mg/l with a mean of 480, 392, 472 and 15 mg/I
respectively. For the major anions (SO4, Cl, HCO3, and
NOs), the sulphate and chloride are found to be the most
predominant anions followed by bicarbonate and nitrate.
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Table 1: Chemical analysis of water samples from Al-Dhala Basin

Sample TDS Ca Mg Na K Cl NO3 SO4 HCO3 F
NO. pH mg/l mg/l mg/l mg/I mg/l  mgl/l mg/l mg/I mg/I mg/I
1 75 1281 34 3.6 412 16 195 4.4 260 644 2.57
2 82 1160 20.8 2.9 386 11 176 4 250 561 2.57
3 8.2 1000 19 4 354 9 186 6.2 180 549 2.47
4 8.27 1096 63 3.5 380 9 169 3.5 270 581 2.59
5 79 998 16 2.9 346 8 232 4.8 270 342 2.48
6 7.72 789 12 7 514 8 135 2 402 671 17.6
7 7.25 832 16 7 389 6 225 3 313 427 18

8 7.32 1335 38 5 497 9 217 6 656 506 15.3
9 751 1044 26 3 376 14 50 4 280 725 18.3
10 7.05 1805 144 55 278 16 585 22 240 427 3.8
11 7.8 1801 152 88 1352 22 1400 20 1450 927 1.5
12 75 2280 224 204 1089 18 1140 132 2130 537 1

13 8 1002 25 7 245 6 210 13 375 73 0.31
14 8.15 2500 59 60 405 9 523 22 235 272 8

15 7.4 1050 36 7 234 12 280 7 112 170 0.34
16 8 1456 51 15 180 9 175 12 75 252 4.85
17 8.6 1520 30 15 402 14 305 5 300 449 4.2
18 7.8 2370 89 8 478 21 680 45 488 98 0.59
19 7.3 1287 38 4 612 12 490 14 688 85 0.32
20 8 1069 25.6 15 178 18 70 6 110 385 1.24
21 8.33 837 152 2 145 21 152 5 86 520 0.76
22 7.33 940 132 88 312 17 315 49 350 885 0.6
23 7.42 1071 40 22 344 7 260 3 400 366 16.4
24 6.89 1162 96 44 611 11 800 2 340 573 14
25 6.61 2040 192 126 277 12 100 19 1200 415 14
26 7.8 2560 120 41 1065 16 900 4 1080 1098 11
27 7.11 1812 172 57 388 9 450 5 590 598 24
28 6.88 529 76 17 383 11 550 8 300 73 1.6
Min 6.61 529.00 12.00 2.00 145.00 6.00 50.00 2.00 75.00 73.00 0.31
Max 8.60 2560.00 224.00 204.00 1352.00 22.00 1400.00 132.00 2130.00 1098.00 18.30
Average 7.64 137950 7494 32,64 451.14 1254 39179 1539 479.64 47175 6.03
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Figurel: Location & Geological map of Al-Dhala Basin (modified after
Rebertson Group, (1990))

5.2 Hydrofacies

The hydrochemical facies analysis reflects the chemical
processes operative in a certain lithological environment
and under specific geochemical conditions. The general
classification and trend of variation in the groundwater of
the study area is exhibited in the Piper-diagram (Fig.2). In
the cation triangle, all samples are Na-type except for one

sample. The high Na in the groundwater may be related to
the cation exchange operative in the aquifers [22]. The
assumption also signifies from high Na/Ca ratios (12.6),
which showed ion exchange between Na absorbed on the
surface of clay minerals and Ca in the groundwater. [34]

In addition, diamond fields are classified into six types: 1=
NaCl Type 2= CaHCO3; Type 3= NaCaHCO; Type 4=
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CaMgClI Type 5= CaCl Type 6= NaHCO3 Type (Fig. 3).
NaCl type is found to be the dominant water type in the
study area.

Sodium groundwater type is found supporting the
dissolution of fluoride. Similar results have been found in
the regions of Central Telangana, India, where sodium is
high, fluoride is also high. [35]

5.3 Geochemical modeling

The method of speciation modeling has been used to study
the chemical equilibrium occurring in groundwater and to
identify the source of a high concentration of fluoride in
groundwater from the study area. Saturation indices (SI) for
minerals are the most important results of the speciation
calculations which indicate whether a mineral

will dissolve or precipitate. In the view that calcium,
fluoride, and carbonate activities are interdependent, the
solubility limits for fluorite and calcite provide natural
control over water composition [36]. The saturation indices
(SI) of fluorite (CaF,;) and calcite (CaCOs) in the
groundwater samples were calculated using PHREEQC
Interactive, a computer program of U.S. Geological
Survey, version 2.8 (2003) (Table No.2) and are plotted in
Fig.3, which shows that most of the samples are

oversaturated with respect to calcite whereas, majority of
samples have been found undersaturated with respect to
fluorite. This situation of solubility control on the higher
concentration of fluoride can be explained by the fact that
fluoride ions in groundwater can be increased as a result of
precipitation of CaCOj3 at high pH, which removes Ca?*
from solution allowing more fluorite to dissolve (Kumar et
al., 2017). These released Ca?* ions combine with CO3*
ions to further enhance the precipitation of CaCOs;. Thus,
fluorite undersaturation in groundwater of area under study
might be due to the calcite saturation, preventing it by
reducing calcium activity and allowing more fluorite to
dissolve thereby increasing the F/ Ca ratio of solution.

Mattash [29] concluded that the fluorite and calcite
minerals are wide distribute in the form of veins,
particularly in association with quartz-carbonate veins or
dikes as a result of hydrothermal process. Their main
occurrences are found in Al-Dhala area and its vicinity.
Therefore, it can be concluded that the calcite and fluorite
which are widely distributed in the area are the main
minerals controlling the aqueous geochemistry of elevated
fluoride ion contamination occurring in the groundwater of
Al-Dhala, Basin.

1= NaCl Type

2= CaHCOs3 Type
3=NaCaHCOs Type
4= CaMgCl Type
5= CaCl Type

6= NaHCOs Type

Ca Na+K HCO3

Cl

Figure2: Piper's Diagram of water samples from Al-Dhala, Basin
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6 Drinking Water Sources

The quality of water is very important to mankind because
it has a direct link with human welfare. With the growth in
the human population, there is an increase in urbanization
too. This is not only putting pressure on the quantitative
aspects but even in the quality of characteristics. The area
under study is characterized by low and irregular rainfall,
high temperature, high evaporation and eminent drought
periods. In addition to that, human activities, such as
overuse of the groundwater, have led to serious
consequences, for example, intense mineralization of
downstream waters, lowering of the regional water table
and salinization. Therefore, it is essential to look into the

quality aspect of groundwater.

Table.2: The calculated saturation indices (SI) of fluorite (CaF2) and calcite (CaCOs) in the groundwater samples

from Al-Dhala Basin

Sample No. Sum of Anions Sum of Cations Sl (Calcite) Sl (Fluorite)
1 21.66305 20.32317 0.2802 -0.7829
2 19.55338 18.34803 0.7013 -1.008
3 18.20339 16.90565 0.6665 -1.0431
4 20.09502 20.19115 1.2329 -0.5264
5 17.96598 16.29186 0.1326 -1.1445
6 24.13183 23.73723 0.1767 0.2281
7 20.85126 18.44848 -0.4085 0.5265
8 28.9625 24.15624 -0.0845 0.7475
9 20.14009 18.25751 0.3399 0.695
10 28.98094 24.21336 0.1749 0.1946
11 85.22536 74.19797 1.0622 -0.9255
12 87.07617 75.79414 0.6762 -1.2132
13 15.11524 12.63395 -0.2702 -2.7332
14 24.80877 25.72824 0.9036 0.2346
15 13.12492 12.85787 -0.2413 -2.4216
16 11.03776 11.83911 0.8147 -0.0908
17 22.49677 20.5755 1.2139 -0.6309
18 31.5612 26.4286 0.1938 -1.7811
19 29.74394 29.15291 -0.7071 -2.7645
20 10.71802 10.71478 0.6646 -1.5667
21 14.70537 14.59405 1.7824 -1.2622
22 31.34062 27.83452 0.7345 -1.5756
23 22.56705 18.94865 -0.0046 0.8732
24 39.80195 35.26969 0.1909 0.8539
25 35.60251 32.30531 -0.0967 1.0706
26 66.51115 56.09629 1.0902 0.771
27 34.97559 30.38092 0.3816 -0.2049
28 23.14679 22.13242 -1.0127 -0.7667
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Table 3: Classification of groundwater samples from Al-Dhala Basin according to the concentration of fluoride and
associated risk

Classification F Conc. Associated No. of Percentage
ranges (mg/l) risk samples (%)
Safe Areas 0-1.5 Within WHO permissible limits 8 28.57
Low risk areas 1.5-3 Dental fluorosis 8 28.57
High risk areas 3-5 Dental and mild skeletal fluorosis 3 10.71
Very high-risk areas >5 Severe skeletal fluorosis 9 32.14
Total 28 100

For drinking purposes of water, certain minimum quality
parameters requirements have been suggested by the World
Health Organization [28]. All the 28 samples analyzed
from Al-Dhala, Basin are used for drinking and domestic
uses except samples no. 8,9,11 and 23 (Table No.1). The
minimum and maximum values of groundwater samples
from Al-Dhala, Basin have also been given. It is evident
from these values that major ions are far beyond the
permissible limits for the majority of the samples.

Out of 24 groundwater samples (using for drinking
purposes), 17 samples have shown F- concentration values
above the maximum permissible limit of 1.5 mg/l.
Obviously, 71% of the water used for drinking purposes is
contaminated by fluoride ion concentration in Al-Dhala,
Basin.

The population living in these areas is thus susceptible to
higher dental and chronic skeletal fluorosis. The highest
concentrations were found to be 183 mg/l from
Albaidhanyah, 18 mg/l from Habeel Altanami, 17.6 mg/I
from Al Hadaa, 16.4 mg/l from Musadah and 14 mg/I from
Al-Jub villages.

For the sake of convenience in description, groundwater
samples have been grouped into four categories according
to their concentration of F- and associated risk to the human
population. A total of 28.57 % (n = 8) groundwater samples
were found to be within prescribed WHO limits (0.0-1.5
mg/l), 28.57% (n = 8) within 1.5-3.0 mg/l, whereas,
10.71% (n = 3) within 3.0— 5.0 mg/l and 32.14% (n = 9)
above 5.00 mg/I categories, respectively (Table 3).

Conclusions

This study indicated that the groundwater in Al-Dhala
basin has high fluoride content. 71 percent of the
groundwater samples tested were found to have fluoride
concentrations above the maximum human consumption
limit recommended by the WHO. The major ion chemistry
data revealed that Na is the most predominant cationic
constituents followed by Ca?* and Mg?* The SO* and CI-
are found to be the most predominant anions followed by
HCOs and NOs™. The geochemical modeling indicates that
calcite and fluorite are the main minerals controlling the
aqueous geochemistry of elevated fluoride ion
contamination occurring in the groundwater of Al-Dhala,
region. This situation of solubility control on the higher
concentration of fluoride can be explained by the fact that
fluoride ions in groundwater can be increased as a result of
precipitation of CaCOjs at high pH, which removes Ca?*

from solution allowing more fluorite to dissolve. These
have been found through the present study in this particular
area, which is supported, by the correlation study of
fluoride with other constituents and solubility equilibrium
diagram between calcite and fluorite. The hydrofacies
analysis of major cations from the Piper diagram clearly
indicates Na-type while the anions are mainly Cl-type with
HCOs and SOa.

Acknowledgment

The first author would like to thank the National Water
Resources Authority (NWRA) and UNDP for funding this
research. The authors would like to thank the publisher and
anonymous reviewers for valuable suggestions and
comments that have enhanced the paper quality.

References

[1] Rashid, A., Guan, D., Farooqi, A., Khan, S., Zahir, S.,
Jehan, S., Khattak, S., Khan, M. and Khan, R. (2018).
Fluoride prevalence in groundwater around a fluorite
mining area in the flood plain of the River Swat,
Pakistan. Science of The Total Environment, 635,
pp.203-215.

[2] Yousefi, M., Ghalehaskar, S., Asghari, F.,
Ghaderpoury, A., Dehghani, M., Ghaderpoori, M. and
Mohammadi, A. (2019). Distribution of fluoride
contamination in drinking water resources and health
risk assessment using geographic information system,
northwest Iran. Regulatory Toxicology and
Pharmacology, 107, p.104408.

[3] Guo, X., Zuo, R., Shan, D., Cao, Y., Wang, J., Teng,
Y., Fu, Q. and Zheng, B. (2017). Source
apportionment of pollution in groundwater source
area using factor analysis and positive matrix
factorization methods. Human and Ecological Risk
Assessment: An International Journal, 23(6), pp.1417-
1436.

[4] Sajil Kumar, P., Jegathambal, P., Nair, S. and James,
E. (2015). Temperature and pH dependent
geochemical modeling of fluoride mobilization in the
groundwater of a crystalline aquifer in southern India.
Journal of Geochemical Exploration, 156, pp.1-9.

[5] Totsche, K., Wilcke, W., Kérber, M., Kobza, J. and
Zech, W. (2000). Evaluation of Fluoride-Induced

Page 36

EJUA-BA | March 2020



Pages 30 - 38

Hydrogeochemical Characterization and Environmental Impact of Fluoride Contamination in Groundwater from Al-Dhala Basin, Yemen

Metal Mobilization in Soil Columns. Journal of
Environmental Quality, 29(2), pp.454-459.

[6] Dharmagunawardhane, H., Malaviarachchi, S. and
Burgess, W. (2016). Fluoride content of minerals in
gneissic rocks at an area of endemic dental fluorosis
in Sri Lanka: estimates from combined petrographic
and electron microprobe analysis. Ceylon Journal of
Science, 45(1), p.57.

[7] Gizaw B (1996). The origin of high bicarbonate and
fluoride concentrations in waters of the main
Ethiopian Rift Valley. J. Afr Earth Sci 22:391-402.

[8] Subba Rao N, John Devadas D. (2003). Fluoride
incidence in groundwater in an area of peninsular
India. Environ Geol 45:243-251.

[9] Gupta SK, Deshpande R., Agarwal M., Raval B.
(2005). Origin of high fluoride in groundwater in the
North Gujarat-Cambay region, India. Hydrogeol J
13:596-605.

[10] Jacks G., Bhattacharya P., Chaudhary V., Singh K.
(2005). Controls on the genesis of high-fluoride
groundwaters in India. Appl Geochem 20:221-228.

[11] Sreedevi P., Ahmed S., Made B., Ledoux E., Gnddolfi
J.(2006). Association of hydrogeological factors in
temporal variations of fluoride concentration in a
crystalline aquifer in India. Environ Geol 20(1): 1-11.

[12] Mondal, D., Gupta, S., Reddy, D. and
Nagabhushanam, P. (2014). Geochemical controls on
fluoride concentrations in groundwater from alluvial
aquifers of the Birbhum district, West Bengal, India.
Journal of Geochemical Exploration, 145, pp.190-
206.

[13] Naseem, S., Rafique, T., Bashir, E., Bhanger, M.,
Laghari, A. and Usmani, T. (2010). Lithological
influences on  occurrence  of  high-fluoride
groundwater in Nagar Parkar area, Thar Desert,
Pakistan. Chemosphere, 78(11), pp.1313-1321.

[14] Tarig, S. (2014). Multivariate Statistical Analyses of
Fluoride and Other Physicochemical Parameters in
Groundwater Samples of Two Megacities in Asia:
Lahore and Sialkot. Journal of Chemistry, 2014, pp.1-
11.

[15] Nanyaro J., Aswathanarayana U., Mungere J.,
Lahermo P. (1984). A geochemical model for the
abnormal fluoride concentrations in waters in parts of
northern Tanzania. J Arf Earth Sci 2:129-140.

[16] Gaciri SJ, Davies TC (1993). The occurrence and
geochemistry of fluoride in some natural waters of
Kenya. J of Hydrol 143:395- 412.

[17] Gizaw B. (1996). The origin of high bicarbonate and
fluoride concentrations in waters of the main
Ethiopian Rift Valley. J. Afr Earth Sci 22:391-402.

[18] Oruc, N. (2008). Occurrence and problems of high
fluoride waters in  Turkey: an overview.
Environmental Geochemistry and Health, 30(4),
pp.315-323.

[19] Dilek A. and Yesilnacar, M. (2017). The
Hydrogeochemical Occurrence of Fluoride in
Groundwater and Its Effect on Human Health: A Case
Study from Sanliurfa, Turkey. Environment and
Ecology Research, 5(2), pp.167-172.

[20] Kim, K. and Jeong, G. (2005). Factors influencing
natural occurrence of fluoride-rich groundwaters: a
case study in the southeastern part of the Korean
Peninsula. Chemosphere, 58(10), pp.1399-1408.

[21] Luo, W., Gao, X. and Zhang, X. (2018). Geochemical
processes controlling the groundwater chemistry and
fluoride contamination in the Yuncheng Basin,
China—An area with complex hydrogeochemical
conditions. PLOS ONE, 13(7), p.e0199082.

[22] Guo, Q., Wang, Y., Ma, T. and Ma, R. (2007).
Geochemical processes controlling the elevated
fluoride concentrations in groundwaters of the
Taiyuan Basin, Northern China. Journal of
Geochemical Exploration, 93(1), pp.1-12.

[23] Borgnino, L., Garcia, M., Bia, G., Stupar, Y., Le
Coustumer, P. and Depetris, P. (2013). Mechanisms of
fluoride release in sediments of Argentina's central
region. Science of The Total Environment, 443,
pp.245-255.

[24] Abu Jabal, M., Abustan, I., Rozaimy, M. and 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, pp.259-266.

[25] Al-Amry A. (2009a) Hydro-geochemistry and origin
of fluoride in groundwater of Hidhran and Alburayhi
Basin, northwest Taiz City, Yemen. Delta Journal of
Sciences, University of Tanta-Egypt 33(1): 10-20.

[26] Al-Amry A. (2011b) Geochemical process controlling
the elevated fluoride concentrations in groundwater of
Al-Azareq Basin, Al-Dhala, Yemen. University of
Aden, J Nat Appl Sci 15(1):111-120.

[27] Ageel, A., Al-Amry, A. and Alharbi, O. (2017).
Assessment and geospatial distribution mapping of
fluoride concentrations in the groundwater of Al-
Howban Basin, Taiz-Yemen. Arabian Journal of
Geosciences, 10(14).

EJUA-BA | March 2020

Page 37



Electronic Journal of University of Aden For Basic and Applied Sciences

Vol. 1, No. 1, March 2020

Al-Amry et al. Pages 30 - 38

https://ejua.net

[28] WHO (2006). Guidelines for drinking-water quality.
First addendum to third edition, Volume 1,
Recommendations, World Health Organization.

[29] Mattash, M., 2008. Fundamental criteria for exploring
the geothermal resources of Yemen. Proceedings of
the international geological conference, OSLO, 2008.

[30] AE & ACE. (2000). Jehaf Water Supply Project.
Technical Report, Ministry of Electricity and Water,
National Water and Sanitation Authority, Yemen.

[31] APHA; AWWA. and WPCF. (1989). Standard
methods for the examination of water and wastewater.
17th Ed., American Public Health Association,
Washington, D.C. 1500 p.

[32] Mandel S, Shiftan Z. (1980). Groundwater resources
investigation and development. Academic Press, New
York.

[33] Domenico PA, Schwartz FW (1990) Physical and
chemical hydrogeology Wiley, New York.

[34] Guo H, Wang Y (2005). Geochemical characteristics
of shallow groundwater in Datong basin, northwestern
China. J Geochem Explor 87:109-120.

[35] Marghade, D., Malpe, D., Subba Rao, N. and Sunitha,
B. (2019). Geochemical assessment of fluoride
enriched groundwater and health implications from a
part of Yavtmal District, India. Human and Ecological
Risk Assessment: An International Journal, pp.1-22.

[36] Kundu N., Panigrahi M., Tripathy S., Munshi S.,
Powell M., Hart B. (2001). Geochemical appraisal of
fluoride contamination of groundwater in the
Nayagarh district of Orrissa India. Environ Geol
41:451-460.

ida, Dlia
Ol (gLl Gasa b dgad) ol (bl ity s gUl (il 5 g (oS g g sasgd) s 3l

30k (g e 2 gha aadaliae g el Guaaliae

Gl 68 g ¢ Fie e drala o nleall s badil] LIS cdan ol i) Lustigl] acid 321
alamry1972@yah00.com A9 A8 & sl ¢ el Gunaliage ;Jlaal) alyll
2020 outa 07 2esd 548/ 2020 23158 19 18 S/ 2020 s 30 22 alind

S o8l Gl e Y A sl sbaall Aaidle (530 2355 Le S Aaga Lo 5 () LaS colall a5l 5 st ) el cadbiall (ym g 8 b sall olial) yind
sl (Y Allall < 38 5l S Al el sl Gl agd e J gamn) i 5l 38 (g nn ) Caagl) IS a1 (5 5 A el clalasiay)
UL Caeadi 5 ey ) sl g Adlall ) € 5l 3laliall apand 35 T 5 28 (he A sad) elsall (he e man o3 13 A sl sbaall e B
Loy siall s slall gy Jeldill of ) Ailaiall 3 Abas gn 5 el pomnall SLET 30yl o 38 5 (8 gl Alainall o) grania 53 b Autlsal)
St lianall Lt il g a5 ) Aieas goal) dndeil) i of LS b sl olall (6 i ) 58 0 ) ) 55

DY) sl (e 771 Al La g sana () sl pall iy Ll (gom gl A sadd ol b ) sl i pal) (5 ) gl Alias pim 5 508 b (JlaSiaial
ISy Ll ) ol al yal 8 Alicie alliall (o ga 8 Adladl g ) lal) <) 58 5 Amaall HBY) () a1 AT oyl (al Y a2iis Lgman a3
Ao gl el  Aals sl 55 g dal Y1 e 8 3 gana IS0 aldanll iy ol ail

el bl Al (g A sall bl a5l e sm g pa seani ) clalll

Page 38

EJUA-BA | March 2020


mailto:alamry1972@yahoo.com

