
Impact of Climate and Land-Use 
Changes on Water Quality

2016/2017 SEARCA Regional Professorial Chair Lectureby
Ahmad	Zaharin Aris

Faculty	of	Environmental	Studies

AGRICULTURE � INNOVATION � LIFE

February	21st,	2017	|	Bilik Sidang Utama,	Faculty	of	Environmental	Studies,	Universiti Putra	Malaysia,	UPM	Serdang



Factors	Controlling	the	Water	Quality

Natural sources
(dissolution of minerals and rocks, 
cation exchange)

Natural sources
(seawater intrusion to aquifers, 
mixing water)

Anthropogenic 
sources
Domestic 
purposes
(sewages, 
chemicals, road 
run off, …) 

Anthropogenic sources
Agricultural purposes
(fertilizers, pesticides, animal 
swage, deforestation, …)

Anthropogenic sources
Industrial purposes
(cooling water, metallic 
minerals, toxic sewages, …) 



Multiple	Risks



Tools to Study the Environment

• The nature of 
environmental science

• The scientific method 
and the scientific process

• Natural resources and 
their importance

• Culture and worldviews
• Environmental ethics
• Sustainability



Environmental	Assessment

Baseline	
conditions

Existing	
environment

Effects	
Assessment

Environmental	
effects

Mitigation

Environmental	
mitigation

Residual	
effects

Residual	and	
cumulative	

environmental	
effects

Significance	
determination

Significance	of	
adverse	

environmental	
effects



Step 6:
Results interpretation

Step 5:
Data analysis and modelling 
• Statistical analysis
• Hydrochemical calculation and modelling

Step 3:
Samples collection, storage, transfer
• On site analysis
• Sample preservation

Step 1:
Select vulnerable area

Step 2:
Implement monitoring strategies
• Number of samples
• Sampling frequency
• Sampling time
• Sampling location

Step 4:
Laboratory analysis, QA/QC

Hydrochemical Assessment 



Common	Problems	in	Hydrochemistry	Studies

CHALLENGES

• Complex cause-effect relationships 
• Spatio-temporal dimension
• Up-scaling processes to basin scale
• Missing data (if depends on secondary data)

• Large data set
• Data requirements
• Complex and dynamic interpretation 

GENERAL INTRODUCTION 
Common problems in river water quality studies 

• CHALLENGES 
 
 

� Complex cause-effect relationships 

� Spatio-temporal dimension 

� Up-scaling processes to basin scale 

 

 

 

 

 

 

 

 

  

� Large datasets 

� Data requirements 
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Study	Area:	Northern	Kelantan	Basin

Kelantan	State

Peninsular	
Malaysia



Example of hydrogeochemical assessment
Case study: Northern Kelantan Basin 

• Kelantan population 
increased from 
1,174,000 (1990) to  
1,718,000 (2015)

• Near 80% of the 
population 
concentrated in 
Northern Kelantan

• From 1970s to 1990s land use 
change was progressive 
with 7% growth, the growth 
slowed in the 1990s to 1.4%. 

• Approximately 70% of 
potable water is derived 
from groundwater 
sources

• 71.8% (around 
10783.98 km2) of 
Kelantan State is 
covered with forest 
reserves, which are 
mainly located in the 
upstream region



Northern	Kelantan	Basin	(Land	Use	Activities)
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Northern	Kelantan	Basin	(Land	Use	Activities)
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Hydrogeochemical assessment
Case study: Northern Kelantan Basin 

Sefie (2016)



Hydrogeochemical assessment
Case study: Northern Kelantan Basin 

É

E

The	groundwater	in	the	
intermediate	aquifer	up	to	an	
average	distance	6	km	from	the	
coastline	is	affected	by	the	fossil	
seawater,	which	probably	trapped	
during	the	sedimentation.



Hydrogeochemical assessment
Case study: Northern Kelantan Basin 
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The conversions of forests and green lands to urban and farmland as have 
exerted significant changes on the terrestrial ecosystems. �������	��������
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Curabitur blandit tempus porttitor. Cras justo odio, 
dapibus ac facilisis in, egestas eget quam. Lorem ipsum 
dolor sit amet, consectetur adipiscing elit. Vestibulum id 
ligula porta felis euismod semper. Vivamus sagittis lacus 

vel augue laoreet rutrum faucibus dolor auctor.

Duis mollis, est non commodo luctus, nisi erat porttitor 
ligula, eget lacinia odio sem nec elit. Sed posuere 

consectetur est at lobortis. Etiam porta sem malesuada 
magna mollis euismod. Etiam porta sem. Etiam porta 

sem malesuada magna mollis euismod.

Quantifying how these changes can affect the quality of water resources is still a 
challenge for hydrologists. 
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Temporal

Variables

Spatial

Groundwater monitoring strategies in the study area 

101 sampling wells
(shallow, intermediate and deep aquifers)

Samples collected from 1989-2014
(twice per year, 25years)

Analysis 16 physico-chemical 
parameters 

(101*25*2*16)= 80,800 

Number of data



Data analysis

• To reduce large number of variables to small 
important variables

• To mange large dataset
• To uncover pattern in variables 

Factor Analysis/Principal 
Component Analysis

• To estimate the relationship between the 
independent and dependent variables

• To determine the effect of independent 
variables on depend variable

• To predict the value of depend variable 
based on independent variables

Regression Analysis 

• To classify  of data objects based 
on the similarity and dissimilarity of 
variables  

Statistical Analysis 
Allow the simultaneous 

investigation of more than two 
variables  

Cluster analysis 

• To detect variation of variables 
over a period of time

• To analysis time data to 
characteristics of the data

• To predict future values based on 
previously observed values

Time series analysis 

• To detect significant differences 
among mean of variables

• To compare two or more than two 
groups of variables 

t test-ANOVA-MANOVA



Data Analysis: Example of factor analysis
Hydrochemical investigation in the study area

Variables VF1 VF2 VF3 VF4
pH 0.057 0.697 -0.111 -0.198
EC 0.888 0.360 0.121 0.151
TDS 0.889 0.345 0.128 0.111
Ca 0.671 0.494 0.102 0.101
Mg 0.782 0.370 0.182 0.054
Na 0.912 -0.040 0.029 0.019
Cl 0.902 -0.180 0.021 -0.016

SO4 0.739 0.002 0.007 0.141
K 0.509 0.299 0.199 0.489

CO3 0.072 0.652 -0.056 0.098
HCO3 0.495 0.727 0.161 0.043
NO3 0.142 -0.029 -0.002 0.846
NH4 0.030 0.098 0.200 -0.483
Fe 0.175 -0.045 0.834 -0.047
Mn 0.079 0.088 0.831 0.049

Eigenvalue 6.418 1.560 1.429 1.104
Variability 

(%) 36.026 14.743 10.554 8.749

Cumulative 
(%) 36.026 50.769 61.323 70.073

Four component factors  explain 70% of total 
variance in aquifer

• The first factor usually represents the most important process 
that controls hydrochemistry of groundwater

• Component factor 1 (F1) 
had a strong absolute 
loading of EC, TDS, Ca, Mg, 
Na, Cl, SO4.

• F1 indicates strong signature 
of groundwater salinity, 
which may attributed by 
seawater intrusion.

• The first three factors 
Indicating the impact on 
natural process on 
groundwater quality

• Factor 4, indicating 
the impact of 
anthropogenic 
activities 
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Fig. 5 Spatial distribution of (a) pH, (b) EC, (c) NO3 and (d) Fe in groundwater samples taken 
from shallow, intermediate and deep aquifer 

  
Sefie (2016)



Data interpretation 
Hydrochemical classification

Piper	diagram:
• Na-HCO3 and	Ca-HCO3 are	main	

groundwater	type	in	both	years,	which	
means	groundwater	facies did	not	
show	significant	changes

• two	samples	in	1989,	which	indicated	
Na-Cl type,	which	can	be	represented	
saline	water	intrusion	to	fresh	water	



Global	Environmental	Change

Water	&	food	
security

Deforestation

Climate	change	

Loss	of	natural	
resources
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• Population growth, changing climate, and rapid urbanization increase demand for
food, irrigation water and agricultural lands.

• The agricultural lands is expending rapidly through conversion of forest and wetlands.



Deforestation	in	South-East	Asia	(2001-2014)

Malaysia	
(5,632,714	ha)

Indonesia
(18,507,771	ha)

Vietnam:
(1,504,547	ha)

Thailand:
(1,267,835	ha)

Philippine:
(761,175	ha)	



Impacts	of	Climate	Change	in	South-East	Asia



Impacts	of	Climate	Change	on	Water	Resources

Detecting, quantifying, and predicting how these changes can affect
the water resources is still a challenge for hydrologists.

River	 Lake	 Groundwater	



Arranz (2017)



Main	Objectives

To	detect	and	predict	the	impact	of	land	use	and	climate	changes	on	
groundwater	quality	
• To	detect	and	characterize	groundwater	hydrochemistry	type	variations		

• To	identify	groundwater	quality	trends

• To	detect	and	quantify	the	impact	of	human	activities	on	groundwater	quality	

• To	predict	the	groundwater	quality	variations		

To detect and predict the impact of land use changes on 

groundwater quality in Northern Kelantan Basin. 

Detect and Predict

To reveal the influence of human activities on the environment for a 

limited period of time 

RevealTo detect and predict the impact of land use changes on 

groundwater quality in Northern Kelantan Basin. 

Detect and Predict

To reveal the influence of human activities on the environment for a 

limited period of time 

Reveal



Findings

PART	I:

Temporal	assessment	of	hydro-chemical	facies
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Intermediate	aquifer:	HCO3
->Cl->SO4

2- &	
Na+>	Mg2+>Ca2+



Findings

PART	II:

Detection	of	groundwater	quality	trends



Findings

Impact	of	climate	and	land	use	changes	on	water	quality	for	agriculture

Detection Prediction	

Time	series	Analysis		 Geospatial	technique	
Time	series	

prediction	modelling

Trend	analysis	 Inverse	Distance	Modelling ARIMA		
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Groundwater	abstraction	was	36.37	million	liters	per	day	in	1981,	
increased	to	57	MLD	in	1990,	and	raised	rapidly	to	184.35	MLD	in	
1993	with	implementation	of	72	new	wells	in	the	study	area,	

which	cause	the	groundwater	level	decreased	sharply	from	1995	
until	2003	in	the	intermediate	aquifer.

The	average	of	rainfall	data	is	2580mm	
from	1991	to	2007,	however,	the	average	
of	rainfall	is	3210mm	from	2008	to	2012,	
which	shows	increase in	precipitation	in	

area.
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The	patterns	of	long-term	EC,	Na,	Cl,	Mg,	and	
Ca	values		in	intermediate	aquifer	confirm	the	
findings	by	Haryono (1995);	Samsudin et	al.	

(2008),	which	suggested	that	the	brackish	water	
of	the	second	aquifer	is	ancient	seawater	that	
may	have	been	trapped	during	the	deposition	

of	the	sediments.		



Findings

PART	III:

Impact	of	human	activities	on	groundwater	quality	



Findings

Nitrate	leaching	

Deforestation	

Agricultural	Activities	

Urbanization	

Shallow	aquifer

Deep	aquifer



Nitrate	Concentrations	in	Northern	Kelantan	

Why	NO3

• Nitrate concentrations can be applied as an
indicator to trace the link between land use
changes and groundwater quality.

Variables VF1 VF2 VF3 VF4
pH 0.057 0.697 -0.111 -0.198
EC 0.888 0.360 0.121 0.151
TDS 0.889 0.345 0.128 0.111
Ca 0.671 0.494 0.102 0.101
Mg 0.782 0.370 0.182 0.054
Na 0.912 -0.040 0.029 0.019
Cl 0.902 -0.180 0.021 -0.016

SO4 0.739 0.002 0.007 0.141
K 0.509 0.299 0.199 0.489

CO3 0.072 0.652 -0.056 0.098
HCO3 0.495 0.727 0.161 0.043
NO3 0.142 -0.029 -0.002 0.846
NH4 0.030 0.098 0.200 -0.483
Fe 0.175 -0.045 0.834 -0.047
Mn 0.079 0.088 0.831 0.049

Eigenvalue 6.418 1.560 1.429 1.104
Variability 

(%) 36.026 14.743 10.554 8.749

Cumulative 
(%) 36.026 50.769 61.323 70.073

Four component factors  explain 70% of total 
variance in aquifer

• The first factor usually represents the most important process 
that controls hydrochemistry of groundwater

• Component factor 1 (F1) 
had a strong absolute 
loading of EC, TDS, Ca, Mg, 
Na, Cl, SO4.

• F1 indicates strong signature 
of groundwater salinity, 
which may attributed by 
seawater intrusion.

• The first three factors 
Indicating the impact on 
natural process on 
groundwater quality

• Factor 4, indicating 
the impact of 
anthropogenic 
activities 

• Stand alone variable – an indication of 
anthropogenic input



Methodology

To elucidate the relationship between 

previous observed values with predicted 

future values 

2. Time Series Analysis 
The regional groundwater 

samples were collected 

from 1989 to 2014, from 

101 sampling wells, 

including shallow aquifer (64 

wells), intermediate aquifer 

(14 wells) and deep aquifer 

(23 wells), from residential, 

industrial and agricultural 

areas  

1. Nitrate Data 

ARIMA modeling to predict future 

values based on the observation from 

several past years observations  

In this study, the ARIMA model is 

applied to predict the nitrate 

concentration in the groundwater for 

the period 2015-2030 

4. Predicting Model
The Mann-Kendall test is the 

most common trend test in 

hydro-meteorological 

studies. 

To estimated trends using 

the Theil and Sen’s median 

slope estimator for specific 

time periods by the 

percentage changes over 

the mean  

3. Trend Analysis
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Present	study	reveal	a	significant	increasing	trend	of	nitrate	concentration	in	the	
shallow	aquifer	from	1989-2014

Although	the	intermediate	aquifer	shows	a	higher	concentration	of	nitrate	
compared	to	the	deep	aquifer,	the	nitrate	concentrations	do	not	have	meaningful	

trends	over	25	years	of	observations
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The	significant	increasing	
trend	of	nitrate	concentration	
in	the	residential	wells	(P	

value,	0.001<0.05)	from	1989	
to	2014.

The	significant	increasing	
trend	of	nitrate	concentration	
in	the	agricultural	wells	(P	

value,	0.000<0.05)	from	1989	
to	2014.

There	is	no	any	significant	
trend	(P	value,	0.955>0.05)	in	
the	time	series	data	for	the	
nitrate	concentration	in	

industrial	wells	from	1989	
to	2014



Nitrate	Concentrations	in	Northern	Kelantan	

2014
Nitrate Concentrations



Findings

2014

99% of the study area (847 km2) showed 
nitrate concentrations

less than 10 mg/L

38% of the study area (316 km2) showed 
nitrate concentrations 
higher than 10 mg/L

2014

71% 
agriculture 

related 
area 

86% 
agriculture 

related 
area 



Findings

PART	IV:

Prediction	modelling	of	nitrate	contamination	from	agricultural	
activities



Findings

One	of	the	most	common	methods	for	modelling and	predicting	of	time	series	data	is	
ARIMA	model	

Several	hydro	meteorological	studies	applied	ARIMA	modeling	to	predict	future	values	
based	on	the	observation	from	several	past	years	observations	

It	is	based	on	a	combination	of	autoregressive	(AR),	integrated	(I),	and	moving	average	
(MA)	parts	which	are	presented	as	ARIMA	(p,	d,	q),	respectively

Prediction	Modelling
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• The	perfect	prediction	model	is	(1,2,2)
• Model	correlation	is	0.88
• The	model	shows	lowest	RMSE,	MAPE,	and	

MAE
• The	residuals	are	normal	and	independent

• Nitrate	contamination	would	increase	
from	13.64	mg/L	in	2014	to	approximately	
18.8	mg/L	in	2030

• The	annual	growth	rate	of	nitrate	
contamination	from	1989	to	2014	was	
8.1%,	which	would	be	decreased	to	2.64%	
from	2015	to	2030
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Validation

Residential	wells

• The	perfect	prediction	model	is	(2,2,2)
• Model	correlation	is	0.86
• The	model	shows	lowest	RMSE,	MAPE,	and	

MAE
• The	residuals	are	normal	and	independent

• the	nitrate	contamination	also	would	increase	
from	11.08	mg/L	in	2014	to	17.1	mg/L	in	2030	

• The	annual	growth	rate	of	nitrate	
contamination	was	3.89	from	1989	to	2014,	
which	was	predicted	to	be	stable	(with	3.9%	
annual	growth)	from	2014	to	2030



Suitability	Usage
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plained by halite dissolution). When seawater mixes with 
freshwater, the cation affinity order is normally Na>K>Ca> 
Mg with Ca being displaced from the exchanger in the first 
order and Na eventually dominating the water and the ex-
changer [20, 25; Eq 1; 2]. Therefore, it is deduced that the 
mixing of seawater with freshwater (river) is an influential 
hydrochemical process in the study area as some of the 
sampling stations (downstream district) are closer to the 
coastal area. The Na-HCO3 water type was particularly en-
countered in certain sampling stations, suggesting that these 
locations were under the influence from seawater where the 
cation exchange process takes place [19, 25-27]. In addi-
tion, the formation of Ca-HCO3 water type indicated disso-
lution of carbonate minerals, which release Ca and HCO3 
ions into the river water [27]. The result was supported by 
the Ca/Ca+SO4 ratio as the plot (Figure 5) indicates that 
around 43% of the samples were >0.5, which suggesting 
that the Ca may come from carbonate or silicate sources. 
About 55% of samples were <0.5, suggesting that the oc-
currence of Ca removal is either through ion exchange or 
calcite precipitation. In addition, around 2% of samples 
were undergoing pyrite oxidation as their pH value was 
less than 5.5.  

�� ��o�� 2
2 Ca

2
1XNaXCa

2
1Na  (1) 

�� ��o�� NaXCa
2
1XNaCa

2
1

2
2  (2) 

 
3.3 Gibbs classification 

The Gibbs (1970) diagram, which represents the ra-
tios of [Na/(Na+Ca)] and [Cl/ (Cl+HCO3)] as a function of 
TDS, is widely employed to assess the functional source of 
dissolved chemical constituents. It provides information con-
cerning the mechanisms that control the relationship of 
the chemical components of waters from their respective 
lithologies [28]. The diagram has three fields -precipitation  

dominance, evaporation dominance and rock-water domi-
nance. The Gibbs ratios are calculated with the formulae 
given below (Eq. 3; 4). 

� � � ���

�

�
 

3HCOCl
ClanionforIRatioGibbs  (3) 

� � � ����

��

��
�

 
2CaKNa

KNacationforIIRatioGibbs  (4) 

where all ions are expressed in meq/L. The computed 
ratio of major cations and anions of the water samples are 
plotted separately against TDS values (Figure 6). In the 
wet season, it is found that around 57% of the samples fall 
in the precipitation dominance category and the rests in 
the evaporation category. Conversely, it is found that around 
43% of the samples fall in the rock-water interaction domi-
nance category, while the rest fall in the evaporation cate-
gory during the dry season. However, evaporation is al-
ways experienced in dry and semiarid climatic conditions 
[29], thus, it was expected that the increases of ion con-
centrations are attributed to the intrusion of seawater. The 
flood tide contributes high salinity to the river and leading 
to the poor quality of river water. The rock-water interac-
tion dominance suggests that the weathering of rocks pri-
marily controls the water chemistry. The precipitation of car-
bonate minerals by ion exchange took place at certain sta-
tions as a result of the freshening process from freshwater 
input during the wet season [29]. 

 
3.4 Sodium percentage (Na%) 

The sodium concentration in water is crucial in the 
classification for irrigation purpose. The sodium percentage 
(%) can be calculated using the following equation (Eq.5) 
and the quantities of all cations are expressed in meq/L. 
Based on the Na%, the classifications of water are grouped 
as excellent (<2%), Good (2-40%), Permissible (40-60%), 
Doubtful (60-80%) and Unsuitable (>80%) [4, 30]. 
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FIGURE 6 - Gibbs diagram representing the mechanism controlling the hydrochemistry of the study area 
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Figure 7 presents the classification of irrigation water 
based on sodium percentage (Na%). The values of sodium 
percent vary from 39 to 83% for the wet season and 27 to 
90% for the dry season. Generally, the high concentration 
of Na is undesirable for irrigation purposes and is not 
considered as an essential nutrient for plants [31]. When 
the Na+ concentration is higher than the Ca2+ and Mg2+, 
the displacement of the Ca2+ and Mg2+ from the clay min-
eral of the soil will occur and cause the cation exchange 
complex to become saturated with the exchangeable Na+ 
levels [29]. This can disturb the soil structure due to the 
dispersion of clay particles, with less pore space and con-
sequent decreasing the hydraulic conductivity or perme-
ability to water [15, 31].  
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FIGURE 7 - Classification of irrigation water based on sodium 
percentage for overall study location assessment 

 
3.5 Sodium adsorption ratio (SAR) 

The sodium adsorption ratio (SAR) is the ratio of the 
Na to the combination of Ca and Mg in relation to the recog-
nized effects on soil dispersibility [31, 32]. SAR is expressed 
as below and the concentration of ions is in meq/L (Eq. 6).    

(6) 

 
SAR indicates the effect of the relative cation concen-

tration on the Na accumulation in the soil. Based on the 
SAR value, the water can be categorized into four classes 
as S1 (<10), S2 (10-18), S3 (18-26) and S4 (>26). The S1 
class can be considered as excellent and the water can be 
used for irrigation on almost all soils with little danger of 
developing harmful levels of sodium while S4 can be 
regarded as an unsuitable class in which the water is un-
satisfactory for irrigation purposes [31, 32]. The SAR for 
the wet season varied from 0.59 to 68.92 while for the dry 
season, it varied from 0.72 to 69.54. For the wet season, 
50% of the water samples were classified as S1 class, 

indicating that the water samples were suitable for irriga-
tion for almost all soils whereas the rests were in the S4 
class, indicating that the water is unsatisfactory for irriga-
tion purposes. Similarly, 43% of the water samples col-
lected during the dry season were classified as S1 class; 
3% in the S2 class and 54% in the S4 class. The high 
SAR value indicates the occurrence of cation exchange 
between Na+ with Ca2+ or Mg2+ in the soil, which, in turn, 
reduces the  permeability of the soil [15, 31].  

 
3.6 Salinity hazard 

Normally, the parameters used to measure the water 
salinity are total dissolved solids (TDS) or electrical con-
ductivity (EC). Waters having an electrical conductivity 
values of less than 250 µS/cm is considered as low salin-
ity water (C1), 250 to 750 µS/cm as medium salinity 
water (C2), 750 to 2250 µS/cm as high salinity water (C3) 
and above 2250 µS/cm as very high salinity water (C4) 
[30, 33, 34]. The salinity hazard (conductivity) for both 
wet and dry seasons varied from 84.80 to 37400.00 µS/cm 
and 173.10 to 39500.00 µS/cm, respectively. Elevated salt 
concentrations within plants cause the water to move from 
the soil surrounding the root tissue into the plant root. 
When the soil solution salinity is greater than the internal 
salinity of the plant, the water uptake is restricted, and, 
therefore, results in a physiological drought condition. 
Thus, the high salinity hazard could reduce the osmotic 
activity of plants and restrict the plants roots from absorb-
ing water from the soil even if the field appears to have 
sufficient moisture [35]. Therefore, the use of such water 
in irrigation is inappropriate due to its low permeability 
and poor cultivability for plants, especially in soils with 
restricted drainage [36]. 

 
3.7 Integrated effect of EC and SAR 

A simple scatter plot, known as the Wilcox diagram, 
which comprises the Sodium Hazard (SAR) and Salinity 
Hazard (conductivity in log scale), was generated based 
on the analytical results. The Wilcox diagram [37] is a 
well-known diagram for classifying the suitability of 
irrigation water by the combined effect of the SAR value 
and salinity hazard (electrical conductivity) and adopted 
by the US Salinity Laboratory of the Department of Agri-
culture. The diagram (Figure 8) illustrated that about 47% 
of surface water samples collected during the wet season 
were considered as unsatisfactory for irrigation purposes 
whereas 53% of the samples were clustered in the bound-
ary of good to permissible level. Conversely, 53% of 
water samples collected during the dry seasons were clas-
sified as unsatisfactory for irrigation purposes, 7% of 
water samples can be used with a moderate amount of 
leaching and 40% of samples can be used for irrigation on 
most crops in most soils with little likelihood that soil 
salinity will develop.  

 
3.8 Magnesium hazard (MH) 

The magnesium hazard (MH) is used to evaluate the 
hazard potential of Mg ions to irrigation water. According
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Figure 7 presents the classification of irrigation water 
based on sodium percentage (Na%). The values of sodium 
percent vary from 39 to 83% for the wet season and 27 to 
90% for the dry season. Generally, the high concentration 
of Na is undesirable for irrigation purposes and is not 
considered as an essential nutrient for plants [31]. When 
the Na+ concentration is higher than the Ca2+ and Mg2+, 
the displacement of the Ca2+ and Mg2+ from the clay min-
eral of the soil will occur and cause the cation exchange 
complex to become saturated with the exchangeable Na+ 
levels [29]. This can disturb the soil structure due to the 
dispersion of clay particles, with less pore space and con-
sequent decreasing the hydraulic conductivity or perme-
ability to water [15, 31].  

 

0.0%

20.0%

40.0%

60.0%

80.0%

100.0%

Excellent Good Permissible Doubtful Unsuitable

P
er
ce
n
ta
ge

Classification

Wet Dry  
FIGURE 7 - Classification of irrigation water based on sodium 
percentage for overall study location assessment 

 
3.5 Sodium adsorption ratio (SAR) 

The sodium adsorption ratio (SAR) is the ratio of the 
Na to the combination of Ca and Mg in relation to the recog-
nized effects on soil dispersibility [31, 32]. SAR is expressed 
as below and the concentration of ions is in meq/L (Eq. 6).    

(6) 

 
SAR indicates the effect of the relative cation concen-

tration on the Na accumulation in the soil. Based on the 
SAR value, the water can be categorized into four classes 
as S1 (<10), S2 (10-18), S3 (18-26) and S4 (>26). The S1 
class can be considered as excellent and the water can be 
used for irrigation on almost all soils with little danger of 
developing harmful levels of sodium while S4 can be 
regarded as an unsuitable class in which the water is un-
satisfactory for irrigation purposes [31, 32]. The SAR for 
the wet season varied from 0.59 to 68.92 while for the dry 
season, it varied from 0.72 to 69.54. For the wet season, 
50% of the water samples were classified as S1 class, 

indicating that the water samples were suitable for irriga-
tion for almost all soils whereas the rests were in the S4 
class, indicating that the water is unsatisfactory for irriga-
tion purposes. Similarly, 43% of the water samples col-
lected during the dry season were classified as S1 class; 
3% in the S2 class and 54% in the S4 class. The high 
SAR value indicates the occurrence of cation exchange 
between Na+ with Ca2+ or Mg2+ in the soil, which, in turn, 
reduces the  permeability of the soil [15, 31].  

 
3.6 Salinity hazard 

Normally, the parameters used to measure the water 
salinity are total dissolved solids (TDS) or electrical con-
ductivity (EC). Waters having an electrical conductivity 
values of less than 250 µS/cm is considered as low salin-
ity water (C1), 250 to 750 µS/cm as medium salinity 
water (C2), 750 to 2250 µS/cm as high salinity water (C3) 
and above 2250 µS/cm as very high salinity water (C4) 
[30, 33, 34]. The salinity hazard (conductivity) for both 
wet and dry seasons varied from 84.80 to 37400.00 µS/cm 
and 173.10 to 39500.00 µS/cm, respectively. Elevated salt 
concentrations within plants cause the water to move from 
the soil surrounding the root tissue into the plant root. 
When the soil solution salinity is greater than the internal 
salinity of the plant, the water uptake is restricted, and, 
therefore, results in a physiological drought condition. 
Thus, the high salinity hazard could reduce the osmotic 
activity of plants and restrict the plants roots from absorb-
ing water from the soil even if the field appears to have 
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well-known diagram for classifying the suitability of 
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by the US Salinity Laboratory of the Department of Agri-
culture. The diagram (Figure 8) illustrated that about 47% 
of surface water samples collected during the wet season 
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whereas 53% of the samples were clustered in the bound-
ary of good to permissible level. Conversely, 53% of 
water samples collected during the dry seasons were clas-
sified as unsatisfactory for irrigation purposes, 7% of 
water samples can be used with a moderate amount of 
leaching and 40% of samples can be used for irrigation on 
most crops in most soils with little likelihood that soil 
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The magnesium hazard (MH) is used to evaluate the 
hazard potential of Mg ions to irrigation water. According
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FIGURE 8 - Magnesium hazard (MH) variation accordingly to its sampling station and season 

 

 
 

to Szabolcs and Darab [38], MH values >50 are consid-
ered as harmful and unsuitable for irrigation use. MH can 
be calculated using the following equation (Eq. 7) and the 
concentration of ions is in meq/L. 
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The MH variation accordingly to its sampling station 

and season is depicted in Figure 9. From the calculated 
value, 50% of water samples (from sampling points LY 16 
to LY 30) can be classified as suitable for irrigation use 
during the wet season, however, this reduced to 43% (from 
sampling points LY 18 to LY 30) during the dry season. 

 

10 100 1000 10000 100000
Salinity Hazard (Cond)

0

10

20

30

40

50

60

70

So
di

um
 H

az
ar

d 
(S

AR
)

250 750 2250C1 C2 C3 C4

S1

S2

S3

S4

Wet
Dry
Wet
Dry

 
FIGURE 9 - Wilcox diagram of irrigation water accordingly to its 
sampling points and season 

 
3.9 Kelly’s ratio (KR) 

Kelly’s ratio (KR) is calculated by the level of so-
dium measured against calcium and magnesium [39] and 
is expressed as the following equation (Eq. 8):  
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where, concentrations of ions are expressed in milli-
equivalents per liter (meq/L). The Kelly’s ratio of water 
samples in the study area varies from 0.72 to 5.10 during 
the wet season and 0.52 to 9.23 during the dry season. The 
Kelly’s ratio of unity or <1 indicates good quality of water 
for irrigation. If the Kelly’s ratio is > 1, the water is unsuit-
able for agricultural purposes due to the excess level of 
Na+ in the water [39]. It is observed that almost 90% of 
the sample is above the unity during the wet season and 
reduced to 65% in the dry season (Figure 10). This sug-
gests that more than half of the stations are poor for irri-
gation regarding alkali hazards. 

 
3.10 Residual sodium carbonate (RCS) 

An excess of carbonate and bicarbonate in water also 
influences the quality of water for irrigation. According to 
Swarna Latha and Nageswara Rao [29], excessive RSC 
will cause the soil structure to deteriorate and restrict the air 
and water movement through the soil. The residual sodium 
carbonate (RSC) value was calculated, using the relation 
(Eq. 9), where ionic concentrations are expressed in meq/L. 

� � � ����� ��� 22
33 MgCaHCOCORSC 2  (9) 

The range of RSC in water samples varies from -
122.51 to 0.39 meq/L during the wet season and -117.06 
to 0.33 meq/L during the dry season. According to the 
U.S. Salinity Laboratory [3], an RSC value <1.25 meq/L 
is considered safe for irrigation; a value between 1.25 and 
2.5 meq/L is of moderate quality and a value >2.5 meq/L 
is unsuitable for irrigation. Most, 70% of the samples, 
show negative values, which indicate that dissolved Ca 
and Mg concentration were higher than CO3 and HCO3 
content. However, with respect to the RSC value, all 
samples are safe for irrigation purposes where the RSC 
values are less than 1 meq/L (Figure 11). 

Guidelines
(WHO,	EU,	MOH)
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sampling points and season 
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Kelly’s ratio of unity or <1 indicates good quality of water 
for irrigation. If the Kelly’s ratio is > 1, the water is unsuit-
able for agricultural purposes due to the excess level of 
Na+ in the water [39]. It is observed that almost 90% of 
the sample is above the unity during the wet season and 
reduced to 65% in the dry season (Figure 10). This sug-
gests that more than half of the stations are poor for irri-
gation regarding alkali hazards. 

 
3.10 Residual sodium carbonate (RCS) 

An excess of carbonate and bicarbonate in water also 
influences the quality of water for irrigation. According to 
Swarna Latha and Nageswara Rao [29], excessive RSC 
will cause the soil structure to deteriorate and restrict the air 
and water movement through the soil. The residual sodium 
carbonate (RSC) value was calculated, using the relation 
(Eq. 9), where ionic concentrations are expressed in meq/L. 
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The range of RSC in water samples varies from -
122.51 to 0.39 meq/L during the wet season and -117.06 
to 0.33 meq/L during the dry season. According to the 
U.S. Salinity Laboratory [3], an RSC value <1.25 meq/L 
is considered safe for irrigation; a value between 1.25 and 
2.5 meq/L is of moderate quality and a value >2.5 meq/L 
is unsuitable for irrigation. Most, 70% of the samples, 
show negative values, which indicate that dissolved Ca 
and Mg concentration were higher than CO3 and HCO3 
content. However, with respect to the RSC value, all 
samples are safe for irrigation purposes where the RSC 
values are less than 1 meq/L (Figure 11). 
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FIGURE 10 - Kelly’s ratio (KR) variation accordingly to its sampling station and season 

 
 
 

 
FIGURE 11 - Residual sodium carbonate (RCS) variation accordingly to its sampling station and season 

 
 
 

3.11 Permeability Index (PI) 

The long-term use of irrigation water and ion content, 
such as Na+, Ca2+, Mg2+ and HCO3- in soil can influence 
the soil permeability [29]. Doneen [7] evolved a criterion 
for assessing the suitability of irrigation water based on a 
permeability index (PI) (Eq. 10): 
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where the concentration of ions is in meq/L. The PI is 
used to evaluate the Na hazards of irrigation water, and, 
consequently, indicate its suitability for irrigation purposes. 
Accordingly, water can be classified into three orders. 
Class I and Class II waters are categorized as good for 
irrigation purposes, with 75% or more of permeability 
whereas Class III waters are unsuitable for irrigation 
purposes, with only 25% of maximum permeability. The 
PI in the study area ranged from 76 to 212% during the wet 
season and 73 to 114% during the dry season (Figure 12). 

All the samples fall into the Class I and Class II catego-
ries of the Doneen’s chart. 

 
3.12 Classification of river water for irrigation purposes 

Chemometric analysis, such as hierarchical cluster 
analysis (HCA), is a useful technique to investigate spatial 
and temporal variations [40, 41]. HCA helps in grouping 
objects (cases) into classes (clusters) based on the similari-
ties within a class and the dissimilarities between different 
classes from the data set [41]. The results for Na%, SAR, 
salinity hazard, KR, RSC and MH were subjected to HCA 
to classify the suitability of irrigation water throughout for 
both wet and dry seasons. Figures 13 and 14 display the 
clustering results of irrigation water quality variables for 
both seasons by the Ward method and the Euclidean dis-
tance as a measure of similarity. For the wet season, Group 
(1) has two sub-clusters: Cluster 1 (i) includes stations LY 
1, LY 9, LY 13 and LY14 while Cluster 2 (ii) includes 
stations LY 2 to LY 8 and LY 10 to LY 12. These stations 
are close to the estuary, and the water exhibits poor irriga-
tion quality. Group 2 includes sampling stations LY 15 to 
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influences the quality of water for irrigation. According to 
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The range of RSC in water samples varies from -
122.51 to 0.39 meq/L during the wet season and -117.06 
to 0.33 meq/L during the dry season. According to the 
U.S. Salinity Laboratory [3], an RSC value <1.25 meq/L 
is considered safe for irrigation; a value between 1.25 and 
2.5 meq/L is of moderate quality and a value >2.5 meq/L 
is unsuitable for irrigation. Most, 70% of the samples, 
show negative values, which indicate that dissolved Ca 
and Mg concentration were higher than CO3 and HCO3 
content. However, with respect to the RSC value, all 
samples are safe for irrigation purposes where the RSC 
values are less than 1 meq/L (Figure 11). 



Conclusion

Deforestation	and	agricultural	expansion	are	assumed	to	have	significant	impact	on	groundwater	quality.

The	forests	and	green	lands	show	an	annual	decrease	of	rate	about	4.5%	from	1989	to	2014.

Nitrate	concentration	shows	an	annual	increase	of	around	3.74%	in	the	shallow	aquifers	from	1989	to	2014.

Twenty-five	years	of	record	data	for	the	groundwater	quality	clearly	reveal	the	negative	impact	of	human	
activities	arising	from	the	increase	in	nutrients,	sewage,	and	chemical	fertilizers	into	the	environment.

This	study	predicts	an	increasing	annual	trend	of	around	2.27%	and	3.9%	in	agricultural	and	residential	wells.
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