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Abstract Hydrogeochemical characteristics and assess-

ment of water quality investigations have been carried out

at Abha, located in Saudi Arabia, where Al-Saad Lake

represents a rare example of natural endorheic lake. The

ecosystem within and around the Al-Saad Lake including

catchment area is of great social, cultural, aesthetic, envi-

ronmental and economic values to Abha. Sampling and

experiments of lake water has been carried out with the aim

of characterizing the main physico-chemical parameters,

such as DO, EC, TDS, Mg2?, Ca2?, Na?, K?, SO4
2-, Cl-,

HCO3, NO3
- and F- concentration. The ordinary kriging

(OK) method was used to produce the spatial patterns of

water quality. The Result of DO (mean 5.38 mg/L) trend in

Al-Saad Lake is not very encouraging as majority of the

lake area is under DO stress or marginally above it. So,

proper management strategies are needed to be formulated

to protect flora and fauna of the lake. Furthermore, the

chemical analysis results show the abundance of the major

cations in the order Mg2?[Ca2?[Na?[K? whereas

the abundance of anions are in the order SO4
2-[

Cl-[HCO3[NO3
-[ F-. The result obtained in this

investigation inferred that the cations in water i.e. sodium

and iron are within the permissible limits but magnesium

and potassium have exceeded the permissible limit.

Whereas anions such as nitrate and fluoride are within the

permissible range but chloride and sulphate have exceeded

the permissible limits. The concentration of cation, mag-

nesium (Mg) and potassium (K) in the lake water has

exceeded the desirable range (30, 10 mg/L, respectively).

This may be due to weathering and transported from rocks

and particularly from sulphate deposits such as gypsum and

anhydride and subsequently ends up in water. The con-

centration of anion, Sulphate (SO4) and chloride are above

the desirable limit. The major source of bicarbonate are the

carbonate rocks containing calcite (CaCO3) and dolomite

(CaMg (CO3)2), Calcium (Ca) and Magnesium (Mg) can

also be transported from Ca-silicates and Mg-silicates. The

piper trilinear plot suggests the increase of Ca and SO4

contents is attributed to dissolution of gypsum and anhy-

drite, which are commonly found in the quaternary for-

mations of watershed (wadi). Ion exchange, dissolution of

calcite, semi-arid climate, alkaline condition and weather-

ing are responsible for high concentration of ions exceed-

ing the desirable limit of the study area.

Keywords Physico-geochemical analysis and modelling �
Geoinformation technology � Al-Saad Lake

Introduction

The watershed is all of the land and water areas that drain

toward a particular waterway or lake. A lake is a reflection

of its watershed. More specifically, a lake reflects the

watershed’s extent, climate, topography, geology, land

use/land cover, soil erodibility, and vegetation. The lakes,

their ecosystems and habitats are niches to a wide variety

of unique flora and fauna (Moor 1984; Burgis and Mavuti

1987; Chatterjee 1996; Njenga 2004). The lake watershed

‘‘system’’ is a functioning unit with interacting bio-physi-

cal, chemical and anthropogenic components.

Lakes water have been utilized as ideal natural labora-

tories to study a number of hydrogeochemical processes

including evaporation, dissolution, mixing, precipitation of

minerals and chemical exchange between water, sediment
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and atmosphere (Njenga 2004). The physiognomies of

lake-watershed interaction hinge on a number of parame-

ters. That is why each lake and its watershed are a unique

system. The usefulness of water for a particular purpose is

determined by the water quality. The environmental con-

ditions of any lake system depend upon the nature of that

lake and its exposure to various environmental factors.

Therefore, surface water quality depends not only on nat-

ural processes i.e. precipitation inputs, erosion, and

weathering of crustal materials, etc. but also on anthro-

pogenic influences.

The main reasons which resulted in deteriorate condi-

tions of lakes could be categorized into two classes (Ravi

et al. 2013) point sources i.e. pollutants entering from fixed

sources (for example, nutrients from wastewater, from

municipal and domestic effluents; organic, inorganic and

toxic pollutants from industries effluents and storm water

runoff) and non-point sources (for example, nutrients

through fertilizers, toxic pesticides and others chemicals,

mainly from agricultural runoff; organic pollution from

human settlements spread over areas along the periphery of

the lakes).

In Saudi Arabia, surface waters i.e. dams, lakes, and

open water reservoirs are considered to be extremely lim-

ited resources and are exploited for almost every use (Al-

Otaibi and Zaki 2012). The land and water resources are

under threat from environmental pollution, including from

anthropogenic activities by the low levels of hygiene

behaviours (Al-Otaibi and Zaki 2012; Punmia and Jain

1998; Akujieze et al. 2003). Environmental health involves

all the factors (biological and physical), circumstances and

conditions in the environment or human surroundings that

can influence health and well-being. In order for it to

continue playing its role sustainably, it is important that the

quality of water in the reservoir does not deteriorate below

acceptable standards, thus its proper monitoring and man-

agement on regular basis is necessary.

Hydrogeochemical characteristics and assessment of

water quality investigations have been carried out at Abha,

located in Saudi Arabia, where Al-Saad Lake represents a

rare example of natural endorheic lake. The ecosystem

within and around the Al-Saad Lake including catchment

area is of great social, cultural, aesthetic, environmental

and economic values to Abha.

Integration of spatial data, GIS, GPS technologies pro-

vides a useful and valuable tool for monitoring and

assessing water quality parameters. Geospatial data can be

used to create a permanent geographically located database

to provide a baseline for future comparisons. Sajjad-Mus-

tafa Nasir (1999) utilized the GIS, geochemical survey and

the simulation of a water quality model of Lake St. Clair,

Canada. And it was found that the Geochemical survey

indicate that the Clinton River appears to be a significant

source of contamination of Lake St. Clair. Remote sensing

is a new technique used to map water quality parameters,

such as chlorophyll content and suspended matter (Arenz

et al. 1996; Dewidar and Khedr 2001; Vincent et al. 2004).

This technique can be applied for lakes and reservoirs

(Lillesand and Kiefer 1994) and tropical coastal areas

(Ruiz-Azuara 1995). In situ monitoring, water quality

modelling and spatial distribution of water quality param-

eters using geographical information system (GIS) can

provide an insight about hydro-geochemistry and ecology

of water systems (Rewanet 1994; Allewijn et al. 1995).

Several projects concerning the integration of data from

GIS with in situ measurements and mathematical models

have been carried out around the world (Allewijn et al.

1995; Toi et al. 1992; Blaakman et al. 1995; Vos 1995).

This study focuses to assess the levels of certain sig-

nificant geophysical and chemical water quality parameters

and geospatial techniques an integrated scheme for map-

ping water quality of Al-Saad Lake, Abha. The study’s

main objective was to assess the hydro-geochemical

properties of lake water quality using geospatial and geo-

statistical approach. Currently, three tools are used for the

assessment of lake water quality: (a) water quality moni-

toring by in situ sampling (b) geospatial analysis and

(c) geostatistical modelling. The information derived with

each of these tools is of a different nature. Geoinformation

technology gives full spatial information of a limited

number of parameters.

Study area: geographical setting

The Lake Al-Saad is situated in Abha, Aseer province of

Kingdom of Saudi Arabia. It covers an area of 68,700 m2.

The study area lies between the latitude of

18�12029.35500N, 18�12051.43600N and longitude of

42�2905.15700E, 42�29019.79500E (Fig. 1). The surface ele-

vation from the mean sea level of Al-Saad is 2282 m. The

area and shoreline of the lake is 6.87 ha and 2354 m,

respectively, the average depth and maximum depth are

2.42 and 6.00 m, respectively, it plays an important role

especially in the local eco-sustainability and social values.

The climatic condition in the surrounding study area is

semi-arid. The average annual rainfall of 355 mm with the

bulk of the precipitation is occurring between June and

October and average minimum and maximum temperatures

of 19.3 and 29.70 �C, respectively. The surroundings of

Lake Al-Saad embrace one of the richest and the most

variable floristic regions of Aseer Mountains, southwest of

Saudi Arabia. Jabal Al-Sooda, located about 30 km in the

north western part of the study area, having 2992 m high,

has also a rich flora. The variation in climate and topog-

raphy in the study area (Aseer Province) has led to the
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Fig. 1 Study area
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formation of diverse plant community (Abulfatih 1981).

Acacia trees are widely distributed to the surrounding of

the study area. The land use/land covers surrounds the lake

are built-up, vegetation, wastelands, baresoil, exposed

rocks and agricultural lands (Mallick et al. 2013).

Geo-physical characteristics of the catchment area
of lake Al-Saad

Geological characteristics of the catchment area of lake Al-

Saad is underlain predominately by metamorphosed vol-

canic and sedimentary rocks of the Bahah, and Jiddha

group and by plutonic rocks ranging in composition from

Gabbro to granite. These geological units at an elevation

ranging from 1950 to 2950 m above mean sea level. Three

types of geologic lithology are found surrounding of the

study area (Saudi geological survey) (Fig. 2).

• Granite Suite—Biotite Monzogranite—Diorite and

Gabbro (dg)

• Jiddah Group—Basalt and Andesite—Pillow lava, flow

breccia, tuff, dacite tuff, interbedded subordinate, often

carbonaceous conglomeratic graywacke and phyllie (jt)

• Jiddah Group–Bahah group within the Tayyah belt–

Volcaniclastic graywacke, carbonate rock, shale and

siltstone, subordinate chert, slate, and conglomerate,

minnor interbedded basalt, andesite, and dacite (bt).

Soil texture is the dominate factor in the soil–water

potential content relationship (Saxton et al. 1986) and has

an important information that is required for physico-

chemical properties of lake water. The dominate type of

soil class are loam, loamy sand, sandy loam and silty loam

surrounding the water catchment area of lake (Fig. 2). Soil

erosion continues to be a major constraint to vegetation and

agricultural productivity. It also causes sedimentation in

the lake and is a major source of nutrient loading into the

Fig. 2 Geospatial properties of the watershed
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lake. However, there is limited information on the nature,

magnitude and impacts of soil erosion. Mallick et al.

(2013) has attempted to assess the soil erosion intensity

(based ‘RUSLE’ model integrated with GIS method) to

conserve soil and vegetation and rehabilitate vegetation for

semi-arid mountainous watershed of Aseer region of Saudi

Arabia.

Organic matter content is an important control on ero-

sion because of its effect on aggregate stability and water

absorption (Mallick et al. 2015). Figure 2 shows the low

organic content in the catchment area, therefore, the con-

centrations of the ions in the lake water are low.

Materials and methods used

Field survey and water sample analysis

Water sample were collected from various spatial locations

in the Lake Al-Saad. A total of 46 water samples were

collected on 15th October, 2012 in polypropylene bottles

immersed 20–30 cm below the water surface. At each site,

field measurements were carried out including the geo-

graphic location using a differential global positioning

system (DGPS Leica GPS1200); The water quality

parameters such as dissolved oxygen (DO), pH, total dis-

solved solid (TDS) and electrical conductivity (EC) were

measured onsite using respective portable electrodes. The

samples were stored in an icebox, carried to the laboratory

and kept at 4 �C for further chemical analysis. The major

cations (Na?, K?, Mg2?, Ca2?) were analyzed using an

atomic absorption spectrometer (Thermo Fisher Scientific

M series) and the major anions (SO4
2-, NO3

-, F-, Cl-)

were analyzed using ion chromatograph (Dionex). Bicar-

bonate (HCO3
-) was determined by titration method using

standard procedures as described in AHPA manual (APHA

2005). The analytical precision of the ions analyzed was

determined by calculating the normalized ionic charge

balance error, which varied within ±5%. ArcGIS 10.1

software was used in this study to create the geodatabase

and to perform geostatistical analysis.

Geostatistical and geospatial analysis of water

sample

Statistical parameters (mean, median, minimum, maxi-

mum, standard derivation, Skewness, kurtosis and the

coefficient of variation) were computed for each water

quality parameter by the software package SPSS. The

statistical data analysis included a Pearson correlation

analysis. Prior to the geostatistical data analysis, the data

were tested for normality using K–S (Kolmogorov–Smir-

nov) test for goodness of fit (Marsaglia et al. 2003).

Geostatistical analysis comprise a group of spatial statis-

tical techniques that evaluate the autocorrelation com-

monly observed in geospatial data, where the data values

from locations close to each other are more symmetry than

the data values from locations far apart.

Spatial interpolation technique is commonly used to

generate continuous information when the point data

information is available at several sampling locations

(water quality parameters).

Three commonly used interpolation methods to model

spatially distribution from point data are Inverse Distance

Weighting (IDW), spline and ordinary kriging. The IDW is

simple and intuitive deterministic interpolation method

based on principle that sample values closer to the pre-

diction location have more influence on prediction value

than sample values farther apart. Whereas, the ordinary

kriging (OK) is an improvement over inverse distance

weighting (IDW) because prediction estimates tend to be

less bias and because predictions are accompanied by

prediction standard errors (quantification of the uncertainty

in the predicted value).

In ordinary kriging (OK) model, weighs the surrounding

known value to derive estimations for an unmeasured

location. Though, the weights are based not only on the

distance between the known values and unknown values

but also on the overall geostatistical relationships among

the known values. OK method is based on the creation of a

semi-variogram and from the information contained in the

best fitted model of the semi-variogram the interpolation

values are determined. The semi-variogram is a plot

between the distance of ordered data and their value of

semivariance, this plot explains the spatial relation between

the water analyzed values, and is given by the following

Eq. (1)

cðhÞ ¼ 1

2
NðhÞ

X
Zi � Ziþh½ �2: ð1Þ

The most related samples have lower values of

semivariance (cðhÞ). NðhÞ is the number of water quality

parameter values that can be grouped using vector h; Zi is

the value of the water parameters; Ziþh represents the value

of another sample located at a distance ‘‘h’’ from the initial

sample Zi. The semi-variogram is a point graphic with

points plotted at specific distance interval, since there is the

need to know semivariance value at distances not defined

in the plot, a model was fitted using the lowest possible

root square error (RSE). The ‘‘best fit’’ model provides two

important parameters nugget and sill to determine whether

the samples are spatially correlated or not. If the ratio

between nugget and sill is low, i.e.\0.25 then the samples

are spatially correlated, contrary if the ratio is high, i.e.

[0.75 then the samples have a very low spatial correlation

(Castrignano et al. 2007). This parameter indicates the
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spatial structure of the phenomenon and samples with a

high spatially relationship will show better interpolation

results. Prior to creating continuous surface, the

distribution of the different water quality properties is

analyzed to better understand the trends, which influences

directional and obvious errors. Transformation and trend

removal was performed when necessary. Kriging cross-

validation was used to estimate that of the semi-variogram

models could give the most accurate predictions at

unknown locations. The closer the mean error was to

zero, the closer the root-mean-square standardized error

was to 1, signified that the prediction values were close to

measured values (Castrignano et al. 2007). Where models

presented similar values for mean error and root-mean-

square error, the lowest values of root-mean-square error

and average standard error were taken into consideration.

Results and discussion

Geostatistical analysis of lake water quality

parameters

Lake water samples were taken from 46 locations in the

study area. The general guidelines for selecting the water

sample are as follows: Consider the study objectives, data

type and quality of data needed, equipment or instrument

needs, and sampling methods. Consider physical charac-

teristics of the area, such as size and shape, surrounding

land use/land cover, runoff characteristics, point and non-

point sources of pollution, water depth, and sediment

transport characteristics. Avoid areas near structures such

as docks, boat ramps, and fuel docks, unless these struc-

tures are part of the study.

Herein, the data checked by histogram tool and normal

QQPlots of ArcGIS software, to see if it shows a normal

distribution pattern. Normal QQPlots give an indication of

univariate normality. If the data is asymmetric (i.e., far

from normal), the points will deviate from the line. His-

togram and normal QQPlots analysis were found that only

pH and DO parameters showed normal distribution. It was

determined that electrical conductivity, chloride, Sulphate,

nitrate, sodium, potassium, magnesium and calcium con-

centrations do not show normal distributions. For those

water quality parameters, a log transformation has been

applied to make the distribution closer to normal. For each

water quality parameters, an analysis trend was created and

it was determined that there is no global trend for all

parameters. In this study, the semivariogram models (cir-

cular, spherical, tetraspherical, pentaspherical, exponential,

rational quadratic, Gaussian, Hole effects, K-Bessel,

J-Bessel, and stable) were tested for each parameter data-

set. Prediction performances were assessed by cross

validation, which examines the accuracy of the generated

surfaces.

The cross-validation results of the value of estimated

mean error (ME) were very low, i.e. close to zero, which

shows that an oblique can be estimated by kriging inter-

polation methods. In addition, the low values of the root

mean square of error (RMSE) inferred that the estimated

had an acceptable accuracy range. Hence, the results of the

control semi-variogram show the suitability of estimated

by Kriging. Table 1 shows summarily the indicators which

helped to choose the most appropriate model of semi-var-

iogram for the creation of interpolated or prediction maps.

Nugget was low in most of the examine water samples

studied that indicate the strong spatial dependence, but

some large effects, in the case of SO4, and Cl ions, of the

semi-variograms indicated a high variance at short dis-

tance. The nugget/sill ratio shows highly spatially depen-

dence for most parameters studies, i.e. EC, TDS, pH, DO,

Cl, NO3, Na, Ca and depth but moderate-weak for SO4 and

weak for K and F.

The lake water quality prediction maps showing the

concentration distribution generated from the surface map

developed from the cross validation process discussed

above. Figure 4 shows the spatial distribution of pH, DO,

EC, TDS, Mg2?, Ca2?, Na?, K?, SO4
2-, Cl-, HCO3,

NO3
- and F- concentration of the study area. The result of

OK interpolation showed that higher Sulphate, nitrate,

electrical conductivity, pH and hardness concentrations

clearly situated in the north eastern of the study area.

Statistical analysis lake water quality parameters

The statistical parameters of various physico-chemical

parameters of water that were analyzed are given in

Table 2. The chemical analysis results shows the abun-

dance of the major cations in the order Mg[Ca[
Na[K, whereas the abundance of anions are in the order

SO4[Cl[HCO3[NO3[ F. Water hardness is caused

primarily by the presence of cations such as Mg, Ca, Na,

and anions such as bicarbonate, Cl, and SO4 in water.

A Pearson correlation matrix has been created for the

examined water quality parameters to decipher the rela-

tionship among the various ions (Table 3). All the cations,

Na, K, and Ca showed a very good positive correlation

with pH of (R) value 0.734, 0.735 and 0.620, respectively.

Whereas, EC and TDS showed a good positive correlation

with pH, R value of 0.548 and 0.528, respectively, a cor-

relation of EC with TDS is evaluated and it is found a very

good positive correlation of R value 0.966. Thereafter, a

correlation of EC and TDS with examined water samples

parameters is also evaluated. All the cations, Na, K, and Ca

showed a very good positive correlation with EC and TDS

of (R) value 0.636, 0.611 and 0.525; 0.624, 0.570 and
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0.531, respectively. Whereas, EC and TDS showed a good

positive correlation with pH, R value of 0.548 and 0.528,

respectively.

The cations, Na, K, showed a very good positive cor-

relation with Ca R value 0.607, 0.517, respectively. EC,

TDS and pH showed a good positive correlation with Ca,

with R value of 0.525, 0.531 and 0.620, respectively, the

linear correlation coefficient of Ca with examined water

samples (Table 4), it was found that the variables between

calcium and Na/K has a very high negative correlation of

R2 value = 0.85 this is due to the geological formation of

surrounding area such as shale, siltstone and carbonaceous

rocks and indicating the dominance of ion-exchange pro-

cess. The cations, Mg, showed a very high negative cor-

relation with Cl and SO4 of R value -0.837 and -0.648,

respectively, the linear correlation coefficient of Mg with

examined water samples, it was found that the variables

between chloride has a very high negative correlation of R2

value = -0.70 and with sulphate having moderate nega-

tive correlation of R2 = -0.42. The Pearson correlation of

sodium (Na) with examined water sample parameters is

evaluated (Table 4) and found that there is very good

positive correlation all the cations, K, and Ca of R value

0.763, 0.607, respectively, moreover, there is also good

correlation with EC, TDS and pH with Na showed very

good positive correlation of R value 0.636, 0.624 and

0.734, respectively, there is negative correlationship with

DO (-0.212) although it is not significant. By examine of

the linear correlation coefficient among the examined water

parameters (Table 4), it was observed that there was a good

correlation between the variable of Na with K of R2 = 0.58

and Na with pH of R2 = 0.54.

The concentration of Na is found to vary between 82.6

and 84.70 mg/L. The Skewness results indicated that DO,

F, Mg, SO4, Na/Ca, depth properties were normally dis-

tributed (Skewness -1 and 1), whereas TDS, EC, pH and

Table 1 Result of the semi-variogram function modelling used to create the prediction maps of the water quality

Water

property

TDS pH EC DO Na K Ca Mg Fe F Cl NO3 SO4 HCO3 Depth

Model GS Sph. GS GS Sph. Sph. Exp. Sph. Sph. Sph. RQ GS Sph. CR Exp.

Nugget 2.26 0.00 3.94 0.00 0.19 0.48 5.81 29,279.00 0.00 0.01 1225.30 0.01 5211.10 401.17 0.12

Sill 2263.70 0.01 3935.90 0.32 6.23 0.33 38.44 32,010.00 0.00 0.01 8216.90 7.08 10,260.00 800.23 1.87

Range 40.95 617.06 41.93 44.30 635.18 116.37 635.18 101.90 45.89 649.59 77.83 27.82 31.26 96.76 146.23

ME 0.65 0.00 -0.15 0.03 0.02 0.02 0.05 -1.71 0.00 0.00 -0.22 0.13 1.34 -0.74 0.03

RMSE 41.81 0.03 56.26 0.51 1.11 0.81 4.30 242.80 0.01 0.12 99.30 2.98 124.10 35.47 0.90

ASE 45.95 0.03 60.35 0.55 0.92 0.87 3.80 238.80 0.01 0.12 96.95 2.84 124.20 31.26 1.17

MS 0.02 0.01 0.00 0.04 0.01 0.02 0.01 -0.01 -0.01 0.00 0.00 0.05 0.01 -0.02 0.03

RMSSE 0.92 0.91 0.95 0.92 1.22 0.95 1.14 1.02 1.00 1.00 1.02 1.04 1.00 1.12 0.03

Nugget/

sill

0.00 0.03 0.00 0.00 0.10 1.47 0.15 0.91 0.95 0.90 0.15 0.00 0.51 0.50 0.07

Exp exponential, Sph spherical, RQ rational quadratic, GS Gaussian, CR circular

Table 2 Summary of physical and chemical parameters of lake Al-Saad

Sample no. Na K Ca Mg Cl NO3 SO4 F HCO3 EC TDS pH DO Depth

Minimum 77.10 9.30 148.90 46.45 558.60 1.01 1339.05 0.08 23.65 3366.00 2010.00 7.76 4.40 0.42

Maximum 85.30 11.60 173.50 722.98 916.23 8.96 1887.56 0.58 190.85 3710.00 2260.00 8.12 6.71 6.00

Mean 83.26 11.27 167.16 492.81 677.21 3.55 1545.06 0.33 78.34 3637.80 2198.64 8.06 5.40 2.36

Std. dev 1.49 0.49 4.69 204.68 92.88 2.09 128.33 0.13 29.90 62.45 46.98 0.07 0.56 1.37

Skewness -2.51 -3.24 -1.56 -0.97 1.10 1.07 0.97 0.05 1.30 -3.37 -2.71 -3.41 0.26 0.61

Kurtosis 8.30 11.21 4.54 -0.41 -0.09 0.40 0.60 -0.79 3.63 12.35 8.20 12.90 -0.28 -0.437

SASO standard 200 10 200 150 250 \45 400 0.6–1 NS 50–1500 1500 6.5–9.0 10 NA

GCC standard 200 10 200 150 250 \45 400 0.6–1 NS 50–1500 1000 6.5–8.5 10 NA

WHO guidelines NS NS NS NS 250 50 NS 1.5 NS NS 1000 \8.0 NS NA

Concentrations are in mg/L, except for EC (lS/cm) and pH

NA not available, NS not specified
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other microelement Na, K, Ca, Cl, HCO3, NO3 ions was

not normally distributed (Skewness more than ?1 or less

than -1) (Fig. 3).

Hydro-geochemistry of lake water

The pH value for the lake water ranges from 7.7 to 8.1

(Fig. 4). A desirable range of pH for aquatic life is 6.5–9.0

(Klein 1973). pH above or below this threshold value might

interfere with reproduction, respiration and other biological

functions of aquatic life. Although the tolerance of

individual species varies, pH values between 6.5 and 8.5

usually indicate good water quality and this range is typical

of most major drainage basins of the world (Chin 2000).

The ability of rocks and soils in any given drainage basin to

buffer the acidity of rainwater is related to the residence

time of water in the soil as well as the levels of calcium

carbonate, bicarbonate, and silicate minerals (Friedl et al.

2004). Watersheds with soil rich in calcium carbonate will

provide buffering to lakes, which otherwise with low

buffering capacity would be susceptible to acid deposition

or acid runoff. DO of the lake water was in the range of

Table 3 Pearson correlation matrix of physico-chemical parameters of examined water samples

Na K Ca Mg Fe Cl NO3 SO4 F HCO3 Na/Ca EC TDS PH DO

Na 1.000

K 0.763 1.000

Ca 0.607 0.517 1.000

Mg -0.158 -0.236 -0.123 1.000

Fe 0.357 0.194 0.342 -0.189 1.000

Cl 0.256 0.279 0.177 -0.837 0.156 1.000

NO3 0.195 0.263 0.269 -0.205 0.137 0.264 1.000

SO4 0.303 0.262 0.091 -0.648 0.122 0.852 0.131 1.000

F 0.284 0.110 0.312 0.110 0.165 -0.059 0.283 -0.026 1.000

HCO3 0.160 0.138 0.204 0.198 0.030 0.103 0.279 -0.072 0.032 1.000

Na/Ca -0.037 -0.159 -0.928 0.076 -0.098 -0.070 -0.252 0.077 -0.169 -0.165 1.000

EC 0.636 0.611 0.525 0.042 0.262 0.167 0.130 0.189 0.363 0.022 -0.077 1.000

TDS 0.624 0.570 0.531 0.078 0.244 0.123 0.078 0.153 0.351 -0.032 -0.105 0.966 1.000

pH 0.734 0.735 0.620 -0.194 0.380 0.241 0.219 0.250 0.134 0.107 -0.135 0.548 0.528 1.000

DO -0.212 -0.106 -0.052 0.387 0.021 -0.221 -0.463 -0.065 0.077 -0.322 0.024 -0.017 0.033 -0.207 1.000

The bold values represent correlation is significant at the level 0.01 (2-tailed)

Table 4 Linear correlation coefficient of examined water quality parameters

Variable Relationship R2 Linear correlation model

Sodium with potassium Positive 0.5818 y = 0.2485x - 9.4209

Sodium with calcium Positive 0.3690 y = 2.168x - 13.713

Sodium with pH Positive 0.5389 y = 0.0375x ? 4.9353

Potassium with pH Positive 0.5399 y = 0.1276x ? 6.6209

Calcium with Na/K Negative 0.8449 y = -0.0029x ? 0.9905

Potassium with calcium Positive 0.2674 y = 6.2681x ? 96.13

Calcium with pH Positive 0.3848 y = 0.0087x ? 6.6008

Sodium with TDS Positive 0.3894 y = 22.675x ? 307.93

Chloride with sulphate Positive 0.7264 y = 1.1775x ? 747.64

Magnesium with chloride Negative 0.7008 y = -0.3471x ? 836.86

Magnesium with sulphate Negative 0.4197 y = -0.3878x ? 1724.1

Nitrate with DO Negative 0.2141 y = -0.1208x ? 5.855

EC with TDS Positive 0.9329 y = 0.7267x - 444.88

EC with pH Positive 0.3004 y = 0.0006x ? 5.9511
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4.38–6.73 mg/L with the mean of 5.38 mg/L (Fig. 4). The

available data indicated that Lake Al-Saad water is slight

lower than the permissible limit of Saudi standards for lake

water (10 mg/L). The DO in an aquatic ecosystem is

responsible for various biochemical changes and subse-

quently its effect on metabolic activities of organisms

within the lake ecosystem. In a nutrient-rich water body,

the DO is quite high in the surface water due to increased

Fig. 3 Linear correlation coefficient of water quality parameters of Lake Al-Saad
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photosynthesis by the large quantities of algae. However,

DO tends to decrease in deeper waters because photosyn-

thesis is reduced due to poor light penetration and due to

the fact that dead algae falls towards the bottom using up

the oxygen as it decompose. In the study area it is found

that the shallow water has high DO concentration, whereas

deeper shows significantly lower down. DO is the single

most important gas for most aquatic organisms. When the

aquatic organisms exposure to less than 2.0 mg/L free

oxygen for few days it may kill most of biota in the aquatic

system (Goel and Sharma 1996), while values of

5.0–6.0 mg/L are usually for most of fish population. The

DO trend in Al-Saad Lake is not very encouraging as

majority of the lake area is under DO stress or marginally

above it. So a proper management strategies need to be

formulated to protect flora and fauna of the lake. Con-

ductivity measurements serve as a useful indicator of the

degree of mineralization in the water sample. All the

samples with EC have exceeded the limit and that ranges

from 3366 to 3710 lS/cm with the mean value of 3637.79

lS/cm. EC of most natural water generally ranges about

50–1500 lS/cm. In general, with increase of EC, the cor-

rosive nature of the water increases. In the Fig. 4 shows the

spatial distribution of EC and TDS, it inferred that the EC

and TDS concentration is the highest at the eastern part of

the lake whereas concentration drops down towards the

southern side.

Hydro-geochemistry of major cations (Na1, K1,

Ca21 and Mg21)

Calcium may dissolve readily from rocks or be transported

from soils and other sources municipal discharges. Typi-

cally, Ca concentration in natural freshwater falls below

10 mg/L, although water in the proximity of carbonate

rocks and limestone may contain calcium ranging

30–100 mg/L. Figure 4 shows the spatial distribution of

Ca, and it is inferred that the concentration of Ca ranges

Fig. 4 Spatial distribution of physico-chemical properties of Lake Al-Saad
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148.31–172.07 mg/L with the mean of 167.23 mg/L. The

concentration of Ca in the lake water is within the desirable

range as per the GCS (1993/149) and SAS (1993/701)

(200 mg/L) but it is exceeded as per the EEC (European

Economic) (100 mg/L), this is due to it may dissolve

readily from rocks (water in the proximity of carbonate

rocks and limestone) or be transported from soils as the

geological characteristics (Mallick et al. 2013) of the sur-

rounding study area. Magnesium is often associated with

calcium in all natural waters. Magnesium poses no major

concern with regards to public health, and limits of con-

centration set for the water are based mainly on palata-

bility, corrosion and incrustation criteria. Magnesium is

essential for chlorophyll growth and acts as a limiting

factor for the growth of phytoplankton (Dagaonkar and

Saksena 1992). Therefore, reduction in magnesium content

may be reduces the number of phytoplankton’s population.

Although Mg is an essential nutrient in aquatic systems, it

is normally not the limiting nutrient in lakes. Normally, N,

P, and perhaps Si are the limiting nutrients in a lake, and

therefore these are normally the nutrients that will limit

phytoplankton growth.

The spatial distribution of Mg (Fig. 4), and it is inferred

that the concentration of Mg ranges 275.19–679.77 mg/L

with the mean of 478.96 mg/L. The concentration of Mg in

the lake water is exceeded the desirable range (150 mg/L,

as per the GCS (1993/149) and SAS (1993/701) limit). This

is due to it may washed from rocks and subsequently ends

up in water. Water in contact with igneous rocks will

dissolve sodium from its natural sources. Sodium may also

enter natural waters through municipal waste discharges

and run off from diffuse sources. In general, highly min-

eralized waters usually contain high concentration of

sodium. The concentration of sodium in the lake water is

within the desirable range 200 mg/L as per the Gulf

Cooperation Council Standards (GCCS) (1993/149). It is

inferred from the map that the high concentration is found

towards the northwest and south central part of the lake

whereas the lowest concentration is found in south part of

the lake area. Despite its abundance in nature, potassium

(K) is found in relatively small concentrations in most

natural waters mainly because of its being reconstituted

into insoluble secondary minerals formed in the process of

weathering. Its concentration is natural surface water is

generally below the 10 mg/L level (Bureau of Indian

Standards (BIS) 2003). Figure 4 showed the spatial distri-

bution of potassium (K) in the lake water, and it is inferred

from the map that the high concentration of K is found

towards the eastern part of lake area, whereas the lowest

towards the south and central southern part of lake area.

The concentration ranges from 9.78 to 11.62 mg/L with the

mean of 11.22 mg/L, which exceeded the desirable limit as

per the Bureau of Indian Standards (BIS) (2003). This is

may be its being reconstituted into insoluble secondary

minerals formed in the process of weathering, as the study

area having high weathering rate (Mallick et al. 2013).

Hydro-geochemistry of major anions (Cl2, SO4
22,

NO3
2, F2, HCO3)

Chloride is an anion found in variable amounts in natural

waters and waste water. The chloride content normally

increases as the mineral content increases. Figure 4 shows

the spatial distribution of chloride content in mg/L. In the

map it is inferred that in the central part of lake area,

whereas lower concentration is found towards the southern

part of lake area. The distribution of chloride content values,

ranges from 567 to 883 mg/L with the mean value of

689 mg/L. the concentration is exceeded the desirable limit

[250 mg/L, as per the GCCS (1993/149) and SAS (1993/

701) limit] due to weathering, derives from sedimentary

rocks and transported soil. It also may be due to domestic

waste discharge and effluents that may be coming out

through the Wadies channel. The salts of sodium, potassium

and calcium contribute chloride in water. The large contents

of chloride in freshwater is an indicator of pollution

(Venkatasubramani and Meenambal 2007). The high chlo-

ride concentration levels in water contribute to deteriorate

on the domestic plumbing, water heaters and municipal

water words equipment. Sulphate may enter natural waters

through weathering of sulphide-bearing or by direct disso-

lution of evaporation deposits. Another significant source to

water systems is airborne pollutants containing oxides of

sulphur, which convert to sulphuric acid in precipitation.

Sulphate is of great importance in public water supplies

because of its cathartic effect upon humans when it is pre-

sent in excessive amounts. Diarrhoea can be induced at

sulphate levels greater than 500 mg/L but typically near

750 mg/L (Bureau of Indian Standards (BIS) 2003). Fig-

ure 4 shows the spatial distribution of Sulphate concentra-

tion, it is showed that central part of lake area, ranges from

1411 to 1772 mg/L with the mean value of 1551 mg/L. The

concentration highly exceeded the desirable limit (400 mg/

L, as per the GCCS (1993/149) and SAS (1993/701) limit).

This may be weathering and transported from sedimentary

rocks and particularly from sulphate deposits such as gyp-

sum and anhydride (Singh et al. 2012).

Nitrate anion concentration depends on the activity of

nitrifying bacteria which in turn get influenced by presence

of dissolved oxygen. In excessive amounts, it contributes to

an illness known as methemoglobinemia in infants. A limit

of 10 mg/L has been imposed on drinking water to prevent

this disorder. The spatial distribution of nitrate and it is

inferred that the mean value is found 3.89 mg/L. The

highest concentration ranges 7–12.8 mg/L are located the

small patches at north central and north eastern part of lake,
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this may due high algae (phytoplankton) production,

decaying macrophyte, fertilizers from the agricultural land

and decomposition of aquatic plants owing to the evapo-

ration of lake water with subsequent increase in nitrate

value. High nitrate normally leads to high phytoplankton

productivity as it fertilizes the phytoplankton. Fluoride

levels in lakes are likely regulated by the calcium-car-

bonate-phosphate-fluoride system which tends to maintain

uniform fluoride levels with depth (Kramer 1964). The

fluoride concentration in lake water ranged between 0.21

and 0.43 mg/L with the mean of 0.34 mg/L. The spatial

distribution of fluoride contents and it is found that the

east-southern and north-western part of lake are having

high concentration ranges between 0.37 and 0.43 mg/L this

is due to geological setting and anthropological factor.

Most of the water samples are slightly alkaline due to

presence of carbonates and bicarbonate. The bicarbonate

concentration in lake water ranged between 50.15 and

146.29 mg/L with the mean of 82.11 mg/L. The distribu-

tion of bicarbonate contents and it is found that the central

part of lake is having high concentration. The major source

of bicarbonate are the carbonate rocks containing calcite

(CaCO3) and dolomite (CaMg(CO3)2). Calcium (Ca) and

Magnesium (Mg) can also be supplied from Ca-silicates

and Mg-silicates.

Hydrochemical facies

The Piper diagram is used to infer hydrogeochemical

facies. These plots include two triangles, one for plotting

cations and the other for plotting anions. The cation and

anion fields are combined to show a single point in a dia-

mond-shaped field, from which inference is drawn on the

basis of hydrogeochemical facies concept. Facies are rec-

ognizable parts of different characters belonging to any

genetically related system. Hydrochemical facies are dis-

tinct zones that possess cation and anion concentration

categories. The hydrochemical facies of the lake water

quality was studied and it was found that the cationic

species Ca, and Mg and anionic species as chloride and

sulphate to be dominant in the lake. The dominant water

facies in the lake is Mg-SO4, however, the subdivision of

diamond shape in piper trilinear diagram suggests the

major water type followed by Mg-SO4 is Ca-Cl2 type.

Thus, water sample belongs to Quaternary (geology) in the

Piper diagram (Fig. 5) shows that these samples are

Fig. 5 Piper diagram

illustrating water facies of study

area
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characterized by the dominance of Cl ? SO4 over

Ca ? Mg. The piper trilinear plot (Piper 1944) suggests the

increase of Ca and SO4 contents is attributed to dissolution

of gypsum and anhydrite which are commonly found in the

quaternary formations of Wadi. The water type indicates

the impact of arid climate as the water is mainly enriched

in SO4 and Cl. Ion exchange, dissolution of calcite, semi-

arid climate, alkaline condition and weathering are

responsible for high concentration of ions exceeding the

desirable limit of the study area.

Conclusion

This study focuses to assess the levels of certain significant

geophysical and chemical water quality parameters and

geospatial techniques an integrated scheme formappingwater

quality of Al-Saad Lake, Abha. The study’s main objective

was to assess the hydro-geochemical properties of lake water

quality using geospatial and geostatistical approach. Cur-

rently, three tools are used for the assessment of lake water

quality: (a) water quality monitoring by in situ sampling

(b) geospatial analysis and (c) geostatistical modelling. The

information derived with each of these tools is of a different

nature. Geoinformation technology gives full spatial infor-

mation of a limited number of parameters. Sampling and

experiments of lakewater has been carried out with the aim of

characterizing themain physico-chemical parameters, such as

DO, EC, TDS, Mg2?, Ca2?, Na?, K?, SO4
2-, Cl-, HCO3,

NO3
- and F- concentration. The ordinary kriging (OK)

method was used to produce the spatial patterns of water

quality. The Result of DO (mean 5.38 mg/L) trend inAl-Saad

Lake is not very encouraging as majority of the lake area is

under DO stress or marginally above it. So, proper manage-

ment strategies are needed to be formulated toprotect flora and

fauna of the lake. Furthermore, the chemical analysis results

show the abundance of the major cations in the order

Mg2?[Ca2?[Na?[K?, whereas the abundance of

anions are in the order SO4
2-[Cl-[HCO3[NO3

-[F-.

The result obtained in this investigation inferred that the

cations inwater i.e. sodiumand iron arewithin the permissible

limits but magnesium and potassium have exceeded the per-

missible limit.Whereas, anions such as nitrate andfluoride are

within the permissible range but chloride and Sulphate have

exceeded the permissible limits. The concentration of cation,

Mg and K in the lake water has exceeded the desirable range.

Thismay be due toweathering and transported from rocks and

particularly from sulphate deposits such as gypsum and

anhydride and subsequently ends up in water. The concen-

tration of anion, SO4 and Cl are above the desirable limit. The

major source of bicarbonate are the carbonate rocks contain-

ing calcite (CaCO3) and dolomite (CaMg (CO3)2), Ca andMg

can also be transported from Ca-silicates and Mg-silicates.

The linear correlation coefficient of Ca with examined

water samples, it was found that the variables between

calcium and Na/K has a very high negative correlation of

R2 value = 0.85 this is due to the geological formation of

surrounding area such as shale, siltstone and carbonaceous

rocks and indicating the dominance of ion-exchange pro-

cess. The piper trilinear plot suggests the increase of Ca

and SO4 contents is attributed to dissolution of gypsum and

anhydrite which are commonly found in the quaternary

formations of Wadi. The water type indicates the impact of

semi-arid climate as the water is mainly enriched in SO4

and Cl. Ion exchange, dissolution of calcite, semi-arid

climate, alkaline condition and weathering are responsible

for high concentration of ions exceeding the desirable limit

of the study area. The information obtained from this study

may, therefore, be used as reference values for assessing

the possible environmental impacts of future developments

around the lake.
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