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ABSTRACT

Jazan province is an arid area, located at the southwestern part of Saudi Arabia along the
Red Sea coast. Groundwater is the only resource of drinking water in this area; thus, its suitability for
drinking and domestic uses is of public and scientific concern. In this study, groundwater samples were
collected from 23 sites in Jazan area during fall 2014; measurements and analysis of water quality
parameters including pH, total dissolved solids TDS, turbidity, hardness, alkalinity, ammonia, nitrite,
nitrate, sulfate, calcium, magnesium, chloride, iron and fluoride were carried out with references to
WHO and Gulf Standardization Organization GSO. TDS values exceeded the permissible limit of
600 mg/l in 30.4% of samples, total hardness values exceeded the permissible limits of 300 mg/l in
34.8% of samples, and nitrate concentration exceeded the permissible limit of 50 mg/l in only one
sample. However, the concentrations of investigated parameters in the groundwater samples were
within the permissible limits of WHO. Our results showed that the water quality of groundwater in
Jazan area is acceptable and could be used safely for drinking and domestic purposes. However,
a special attention should be paid to the concentration of TDS and nitrate in groundwater in future
studies.

Key words: Groundwater, water quality, assessment, correlation matrices,
physicochemical parameters, Jazan, Saudi Arabia.

Vol. 10(1), 22-28 (2015)

INTRODUCTION

Groundwater is the sole resource of
drinking water in arid areas, which is also used in
domestic consumption and irrigation’-2. Information
about groundwater occurrence and recovery is
critical in the arid and semi-arid areas because of
the poor yearly precipitations rate and over use of
groundwater resources in these areas® *. On the
other hand, groundwater quality is dominant to use it
as drinking water or in domestic uses and irrigations;
its quality depends on different factors such as
recharged water quality, rainfall, geochemical
processes, and human activities®. Water pollution
affects simultaneously the water quality and threats
the economic development and social prosperity
by affecting the human health® 7. Physico-chemical
properties of groundwater are being the key tool

to estimate the water quality and its suitability for
drinking, irrigation, or domestic uses®°. Groundwater
is an important source of acceptable water for
drinking in the arid regions and in particular in the
Saudi Arabia where it is the sole water source for
drinking, also used in irrigation. Jazan is the smallest
province in Saudi Arabia covers an area of 13500
km? in southwestern part of Saudi Arabia as a part of
Tihama plain (Fig. 1), with a population of 1.5 million
inhabitants'®. The climate of Jazan is arid, hot and
windy with a high humidity rate influenced by the Red
Sea, the annual mean temperature 28°C, relative
humidity 62%, and annual precipitation of 62 mm
(Saudi presidency of meteorology and environment,
unpublished data).

Demand on groundwater is increasing
in Saudi Arabia due to the population growth and
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significant economic advancement. Fresh water
supply is an important issue worldwide, about
90% of fresh water in the world originated from
groundwater''. Water resources assessment
represents a major concern of the present world
due to the importance of water for human being
and society and forimplementing sustainable water-
use strategies'. Moreover, information about water
quality analysis is always used as a basis to discuss
utilizing groundwater in order to avoid associated
water illnesses and health problems’3. Groundwater
quality depends, to some extents, on its chemical
composition. Cations and anions play important
roles as indicators of groundwater contamination'*
5,16 Hussain et al.® reported the contamination
of groundwater of central Rajastan in India with
Fluoride, as consequence, most individuals in the
contaminated region suffer from mild and moderate
fluorosis.

Information on the assessment of
groundwater quality is particularly scarce in Jazan.

Within this context, the aims of this work were,
to assess the groundwater quality in public wells
in Jazan area, and to compare the results with
the different standards. Results of this study will
be helpful for the decision makers in determining
appropriate actions and using integrated water
resources management tools to protect groundwater
from the possible contamination, also to establish a
scheme of sustainable groundwater development
in the area. To the best of our knowledge, this is
the first work in Jazan area on the assessment of
groundwater quality.

MATERIALS AND METHODS

Samples from twenty three groundwater
public wells were collected during fall 2014 from
different location in Jazan province (Fig. 1). All
investigated wells belong to the General Directorate
of Water in Jazan. 5L of water were collected from
each well in an amber plastic container (Naizak,
KSA) washed previously with distilled water. Then,
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Fig. 1: Location map showing groundwater sampling wells in Jazan province
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a sub-sample of 100 mL transferred into a 250 mL
= Erlenmeyer flask (Alkamal, KSA) to measure the
b - physical properties such as the Total Dissolved
Solids (TDS) and pH directly after sampling using
g . o © the Multimeter 340/l (WTW) (GeoTech, USA). For
[ E_) S} g‘ each sample, a sub-sample of 20 mL transferred
_‘f T into a 20 mL PE flask for analysis of anions, and
% another sub-sample was filtered and filled into 20 mi
(7] 5 S8Q PE flasks for analysis of cations, then some drops
5 - Qo of pure HNO, were added to the sub-sample for
';',’ conservation.
5 gegy
[ 8 - S a o Samples collected from all wells were
3 identified and transferred to lab refrigerated at 4°C
E . in an ice-chest cooler, then stored in fridge at 4°C
%_ (@) 8 S 83X in the analytical laboratory of General Directorate of
£ z Teceee Water (Jazan) till analysis within 2 days.
©
(7]
g o SPer-8%g Analytical procedures
‘g 2 ~-ooco Qo Collected water samples were analyzed
E in laboratory for Turbidity, Hardness, Alkalinity,
5 - cCo O~ ® N~ Calcium (Ca?*'), Magnesium (Mg?*), Ammonia
5(Z 2533338 (NH,), Nitrite (NO-,), Nitrate (NO-,) Sulfate (SO2,),
° bt Chlorine (CI), Iron (Fe?*) and Fluoride (F"). Turbidity
§ was determined by 2100Q Portable Turbidimeter
g % 8 338 R8I (Hach, USA). Hardness, chlorine and Alkalinity were
g = m?*@ocococoo determined by EDTA titrimetric method. Calcium
a (Ca**), Magnesium (Mg?*), Ammonia (NH,), Nitrite
_g & S Q 2 Neoy g % (NO,), Nitrate (NO-,), Sulfate (SO,), Chlorine (CI),
g S ~—~o0o9QPoco0ococ?@o Iron (Fe?*) and Fluoride (F-) were determined by DR
S 5000 UV-Vis Spectrophotometer (Hach, USA).
-gm coN~NNawLNDDNOD Lo .
A Q g g g g g g g ® 8 The statistical analysis of data was
_g < ' completed using Microsoft Excel software (version
2 __ 2010, Microsoft Saudi Arabia) and SPSS (IBM,
s B S8 3B -8R G| Germany), Groundwater quality was assessed
§ T — O 0o Q@c oo o Qo | using data of its physical and chemical properties
X g compared with the standards of drinking water
©| g OroN©R0oOq©® ‘® published by World Health Organization WHO' and
E |§ e g g g 2 o g S g g g o g Gulf Standardization Organization GSO™.
o 9
5 5 RESULTS AND DISCUSSION
Qln ONAONOXVoOowwa o©|a
5|e oc\lc:)o’.)oooogw—<|-ooooo<|-qLJ
o = Teeeee R o000 oo el Groundwater general parameters
% § The physico-chemical parameters of
- RAIILY28x3LQ T y|g investigated samples are shown in Table 1. pH
- | OIS 9O S S values in the investigated water samples ranged
§ from 6.70 to 7.70 (mean, 7. 41) which characterized
N E82 gd d o000 T the groundwater of the investigated area by neutral.
T 5 = oI OO0 — G
o E =] :cEU < 8 =z=zz=z2 8 oL @ The pH values in all water samples in this study
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were within the safe limits of 8 WHO'. This result
is in accord with Owamah et al.”® who reported pH
values of groundwater samples collected from Niger
Delta region lower than 8. TDS values in the collected
samples ranged from 104 to 930 mg/l (mean 473.04
mg/l). The TDS values in all samples were below
the WHO and GSO permissible limit of 1000 mg/|
WHQ', and conform to results obtained by Anwar
and Aggarwal?®. The hardness of water samples in
this study varied from 47.00 to 490.00 mg/l with a
mean value of 251.39 mg/l. WHO'” mentioned that
water samples which have hardness values more
than 200 mg/l could cause serious problems to the
distribution system, pipes and tanks, in addition to
increase the soap consumption. The concentration
of ammonia (NH,) varied from 0.01to 0.21mg/l with
a mean value of 0.10 mg/l, this value is significantly
below the limit of 1.5 mg/l WHO'. Nitrite (NO)
concentrations in collected water samples were
ranged from 0.00 to 0.19 mg/l with a mean value
of 0.04 mg/l, this value is significantly below the
admissible limit of 3 mg/l WHO'".

Cations concentrations

Some cations are usually present at high
concentrations (>1 mg/l) in groundwater such as
magnesium, calcium, potassium, and sodium?,
Table (1) shows the concentrations of different
cations measured in the groundwater samples of
this study.

Concentrations of magnesium and calcium
in water samples were varied from 31.00 to 360
and 16.00 to 260.00 mg/l, the mean values were
respectively 153.35 and 98.39 mg/l.

In general, the concentration of magnesium
in groundwater is less than the concentration
of calcium due to their relative abundance the
surrounding rocks?': 4. Concentrations of calcium
(Ca?*) and magnesium (Mg?*) in groundwater
samples were significantly higher in the wells located
in the west of Jazan province (wells N°: 9, 11, 18, 21
and 22; table 1) than in other areas due to the rain
flow direction from east to west in the mountainous
areas of Jazan region.

Anions concentrations
Some anions are usually present at high
concentrations (>1 mg/l) in groundwater such

as chloride, sulfate, and bicarbonate?® 22, Table
(1) shows the concentrations of different anions
measured in the groundwater samples of this
study. The concentrations of chloride were lows in
all groundwater samples, whereas the contents of
sulfate were high.

Dissolving of sodium chloride in water
from surrounding soils and rocks produces chloride.
Usually, sodium chloride has no effect on suitability
of water for drinking except if it was present at high
concentration which can make water corrosive or
unpotable. The chloride concentrations ranged from
24.85 to 248.50 mg/l (mean, 107.99), this value is
below the admissible limit of 250 mg/| WHO'". These
results are in accord with data reported by Oiste2.
In general, the sulfate presents in groundwater as
sodium, magnesium, and calcium soluble salts.
Sulfate concentration changes with time significantly
during the recharge of groundwater and infiltration
of rainfall*.

The concentrations of sulfate in the
collected samples varied from 5.00 to 200.00
mg/l (mean, 85.87 mg/l), this value is below the
admissible limit of 500 mg/| WHO'” and GSO'8.

The nitrate concentrations ranged from 0.80
to 62.40 mg/l (mean, 9.31mg/l), its concentration
was acceptable in all samples (<50 mg/l; WHO')
except in the water of one well (N° 10, table 1) with
a high value of 62.4 mg/l. The high concentration
of nitrate in this location might be due either to a
leak in the sewage tanks around the well (absence
of complete pipes sewage system in this area),
or contamination by chemical fertilizers contain
nitrogen. Wastewater represents one of the most
important sources of contamination of groundwater
with nitrate, especially when sewerage system is not
available* 23, Pollution of groundwater with nitrate is
a worldwide problem, which could increase health
risk at high concentrations and consequently limit
the water supply?*. In the drinking water, the nitrate
concentration >50 mg/l has some health effects
on people with kidneys problems and especially
on infants causing the blue baby syndrome and
gastric carcinoma* 2': 2, [ron concentrations (Fe?*)
ranged from 0.01 to 0.50 mg/I (mean, 0.11mg/l), its
concentration was acceptable in all samples (<50
mg/l; WHO'). Fluoride (F°) is inorganic element
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present in the subsurface depending on the geology
of the region. In this study, chemical analysis showed
no significant difference for fluoride concentration in
all samples. Fluoride concentrations varied from 0
to 1.30 mg/l (average of 0.31mg/l) which is below
the maximum recommended concentration of 1.5
mg/l (WHO'"). This result conforms to other results
reported by Jain et al.* and Kim et al.2.

Correlation analysis

The correlation analysis of the measured
parameters was realized and the correlation
coefficients presented in Table (2). TDS and hardness
showed significant positive correlations with SO, CI',
Mg?*, and Ca?*, and among themselves. Otherwise,
the correlation between TDS and hardness was high,
which could be due to the depending of hardness
on the TDS in water® 4. On the other hand, fluoride
was significantly correlated only to nitrite (Table
2). Calcium and magnesium were positively and
significantly correlated with CI'and SO. Furthermore,
SO was correlated significantly and positively with
Cr.

CONCLUSION
Groundwater represents the sole source

of drinking water supply in Jazan region, Saudi
Arabia. The absence of a complete piped sewage

system and the relatively high agricultural activities
in this area might present a potential risk of
contamination of groundwater. In the present work
23 wells representing Jazan area were selected to
define their suitability as drinking water resources
in fall 2014. Our results showed that groundwater
of all investigated wells were considered suitable
for drinking and domestic uses based on the
comparison of our results with the standards of the
WHO and GSO. However, the concentration of nitrate
was above the acceptable limit of 50 mg/l in only one
well (N° 10) which should be avoided as drinking
water resource, and might be used safely in irrigation.
On the other hand, the concerned authorities are
invited to ensure a regular investigation regarding the
groundwater quality in Jazan area. Water supplies
and sanitation are crucial to the water sustainability
development of Jazan region, and a special attention
should be paid to the concentration of TDS and
nitrate in groundwater in future studies.
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