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Factors Controlling the Water Quality

Anthropogenic sources
Industrial purposes
(cooling water, metallic

minerals, toxic sewages, ...

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

-----------------
................
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,,,,,,,
...........
.............
............

...........

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

HydrO’OQfC

Crey

Anthropogenic sources
Agricultural purposes
(fertilizers, pesticides, animal

swage, deforestation, ...)

v

(seawater intrusion to aquifers,
mixing water)

Natural sources
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0 S dy the Environment

 The nature of
environmental science

The scientific method
and the scientific process

Natural resources and
thelr importance

" % Culture and worldviews
.= Environmental ethics
v 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



Hydrochemical Assessment |

Step 1:
C\ Select vulnerable area
J
Step 2:
Implement monitoring strategies r>
«  Number of samples S
« Sampling frequency St 3
« Sampling time ep o
+ Sampling location C\Samples collection, storage, transfer
'+ On site analysis
« Sample preservation
Step 4:
Laboratory analysis, QA/QC C)
Step 5.

C\ Data analysis and modelling
/ «  Statistical analysis
« Hydrochemical calculation and modelling

Step 6:
Results interpretation O




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 datq)
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Study Area: Northern Kelantan Basin
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Example of hydrogeochemical assessment

Case study: Northern Kelantan Basin
« From 1970s to 1990s land use

O change was progressive
with 7% growth, the growth
oo slowed in the 1990s to 1.4%.

* 71.8% (around : dapt [(Maces | gz -« Approximately 70% of

10783.98 km?) of potable water is derived

Kelon’roorlw ST;?:? s , from groundwater
covered with fores T

reserves, which are
mainly located in the
upstream region

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

 Near 80% of the
population
concentfrated in
Northern Kelantan




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

Legend
D Study area m—  River
° Town —— Major road
Legend
——+ Railway
D Study area
River Basin
Golok Rwver Kemasin River
I Kelantan River Bl semerak River

Sefie (2016)



Hydrogeochemical assessment
Case study: Northern Kelantan Basin

Geology
Acid intrusives
% Clay and silt ,
[: Clay, silt, sand and gravel
Peat, humic clay and Esilt -

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

he conversions of forests and green lands to urban and farmland as have
_exerted significant changes on the terrestrial ecosystems.

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

14 face rap over land clearings

LOJING PROJECT:
Developers carry
out projects
without EIA reports

Uigaah Embas said the developens
— nine of whom had carried out

Massive environmental
degradation as Kelantan
| government denies

Legend e
e Town e River D Study area
Landuse type
. o Cleared land B Peat swarg
Rubber Other crop Pacdy

B coconut P suitup area I Mixec agrcutural



Groundwater monitoring strategies in the study area

101 sampling wells
(shallow, infermediate and deep aquifers)

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

Analysis 16 physico-chemical
parameters

Number of data

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



Data 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

« Toreduce large number of variables to small
important variables

« To mange large dataset

« To uncover pattern in variables

Factor Analysis/Principal
Component Analysis

Time series analysis Allow the simultaneous

investigation of more than two
variables

Regression 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

t test-ANOVA-MANOVA

« To detect significant differences
among mean of variables

« To compare two or more than two
groups of variables

Cluster analysis

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



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

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

.
Variables VF1 VF2 VF3 VF4
Component factor 1 (F1) pH 0.057 0.697 -0.111 -0.198
had a strong absolute EC 0.888 0.360 0.121 0.151
loading of EC, TDS, Ca, Mg, DS 0.889 0.345 0.128 0.111
E]Oilnglilcin?és strong signature Ca 0.671 0.494 0.102 0.101
of greundwator sglin%ry, Mg 0.782 0.370  0.182  0.054
which may attributed by Na 0.912  -0.040 0.029 0.019
seawater intrusion. Cl 0.902 -0.180 0.021 -0.016
$O; 0.739 0.002 0.007 0.141
K 0.509 0.299 0.199 0.489
CO; 0.072 0.652 -0.056 0.098
HCO; 0.495 0.727 0.161 0.043
NO, 0.142  -0.029 -0.002 0.846
NH, 0.030 0.098 0.200 -0.483 Factor 4, indicating
Fe 0.175  -0.045 0.834 -0.047 fhe impécf of
Mn 0.079 0.088 0.831 0.049 anthropogenic
Eigenvalue 6.418 1.560 1.429 1.104 activities
Variability
The first three factors (%) 36.026 14.743 10.554 8.749
TSI | CUNG] 560 50769 61329 70075

groundwater quality |

Four component factors explain 70% of total
variance in aquifer




Data interpretation
Hydrochemical classification

3

Logend

Electrical conductivity (uSiem )
. <200
*  25%0.300
> 500 - 750
® 2750001000
® >1000

* CaSOe

. MG

Sefie (2016)



Data interpretation
Hydrochemical classification

Piper diagram: \
Na-HCO; and Ca-HCO; 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

* Population growth, changing climate, and rapid urbanization increase demand for
food, irrigation water and agricultural lands.
e The agricultural lands is expending rapidly through conversion of forest and wetlands.

G “,
Climate change
T

$924N0Sal
|eanleu Jo sso

Deforestation

. 4

Loss of biodiversity

Water & food
security
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Deforestation in South-East Asia (2001-2014)
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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.
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Drought is still gripping the region

e prodorged heatwave ard ot umwumn-uv“mmmmw"
ﬂw"l*&nmﬂmmu N e regen.

Water stress in the region
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Main Objectives

‘ Detect and Predict

To detect and predict the impact of land use and climate changes on
groundwater quality

* To detect and characterize groundwater hydrochemistry type variations

Reved

* To identify groundwater quality trends

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

e To predict the groundwater quality variations

zzzzzzz



Findings

PART I:

Temporal assessment of hydro-chemical facies

V220 D SeARCA



Findings

100

10

0.1

0.01

Concentration (meq/L)

0.001

HCO3 S04 Cl Mg Ca Na
—e—Shallow 1989 —=— |ntermediate 1989 —+—Deep1989

--o--Shallow 2011 - # - Intermediate 2011 --+~- Deep 2011

1989

Shallow aquifer: HCO3>ClI>S0O,?- & Na*> Ca%* > Mg?* | | Shallow aquifer: HCO3->CI->S0,% & Ca?*> Na*>Mg?*
Intermediate aquifer: CI'>HCO,>S0,* & Intermediate aquifer: HCO;>CI">S0,* &

Na*> Ca?*>Mg?2* Nat> Mg2+>Ca%*
Deep aquifer: HCO3->CI">SO,> & Na*> Ca?* > Mg?* Deep aquifer: HCO3->CI>S0O,> & Ca%*> Mg?**>Na*

2011
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Findings

PART II:

Detection of groundwater quality trends
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Findings

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

Detection

Prediction

‘ Time series
Time series Analysis  Geospatial technique prediction modelling
Trend analysis Inverse Distance Modelling ARIMA

D SEARCA



Findings
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: Groundwater abstraction was 36.37 million liters per day in 1981, : The average of rainfall data is 2580mm

; increased to 57 MLD in 1990, and raised rapidly to 184.35 MLD in | from 1991 to 2007, however, the average
| 1993 with implementation of 72 new wells in the study area, ! | of rainfall is 3210mm from 2008 to 2012,
I which cause the groundwater level decreased sharply from 1995 : which shows increase in precipitation in

: until 2003 in the intermediate aquifer. | area.
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Findings

1000

EC (nS/cm)

N
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1988

1990

1992

1994

1996

1998

2000

2002

2004

2006

2008

2010

2012

Shallow Intermediate
Kendall's tau 0.277 -0.304
p-value 0.068 0.044
Sen's Slope 1.068 -13.712
Trend No-Trend Decreasing
Natural Sources
Shallow Intermediate
Kendall'stau 0071 -0.257
p-value 0.653 0.092
Sen's Slope 0.025 -1.596
Trend No-Trend No-Trend
Natural Sources
Coiiil Shallow Intermediate
endall's tau 0.325 -0549
p-value 0.032 0‘000
Sen's Slope 0.148 -5.540
Trend Increasing  Decreasing

Natural Sources

Deep
0.249
0.103
0.824

No-Trend

Deep
-0.048
0.771
-0.013
No-Trend

Deep

0.325
0.032
0.104

Increasing



Findings

30
Shallow Intermediate Deep
1
25 | Shallow Kendall'stau 4 49 0419 0448
~ —8— |ntermediate p-value 0,001 0.008 0.004
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20
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Findings

1000
500 | x :;. :: : ; EC ] . 2

200 ‘ )
: i: : Na “.® / The patterns of long-term EC, Na, Cl, Mg, and
Ca values in intermediate aquifer confirm the
findings by Haryono (1995); Samsudin et al.

Cl —
" M (2008), which suggested that the brackish water
20 | 2 :.;\ Ca of the second aquifer is ancient seawater that
10y may have been trapped during the deposition
28 .
v of the sediments.
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Findings

PART IllI:

Impact of human activities on groundwater quality
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Nitrate Concentrations in Northern Kelantan

Why NO3‘)
o

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

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

.
Variables VF1 VF2 VF3 VF4
Coereoce ) gl 0% 0 S . N,
had a strong absolute . . . .
ading of e 100 Co g, (DT 0889 0345 0128 0111 « Stand alone variable — an indication of
E]O; cl, S?4~ . ot Ca 0.671  0.494 0.102 0.101 . .
b 'g”rif: o oong donatre Mg 0782 0370 0.8 0054 OnThropogenlc InpUT
which may attributed by Na 0.912 -0.040 0.029 0.019
seawater intrusion. Cl 0.902 -0.180 0.021 -0.016
$O; 0739 0002 0007  0.14]
K 0.509 0299  0.199  0.489
co, 0072 0.652  -0.056  0.098
HCO, 0.495  0.727  0.161 0.043
| NO, 0.142 0029 _0.002 _ 0.84é |
NH, 0.030 0.098  0.200 -0.483 Foctor 4 indicafing
Fe 0.175 -0.045 0.834  -0.047 fhe impact of
Mn 0.079 0.088 0.831 0.049 anthropogenic
Eigenvalue 6.418 1.560 1.429 1.104 activities
Variability
The first fhree foctors %) 36.026 14743 10.554  8.749
Indicating the i t i
hatoral peocess oo C““‘(;S‘""e 36026 50769 61323 70.073

groundwater quality |

Four component factors explain 70% of total
variance in aquifer

mE O
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Methodology

1. Nitrate Data 2. Time Series Analysis

The regional groundwater To elucidate the relationship between
samples were collected previous observed values with predicted
from 1989 to 2014, from future values
101 sampling wells,
including shallow aquifer (64
wells), intermediate aquifer
(14 wells) and deep aquifer
(23 wells), from residential,
industrial and agricultural

areas
3. Trend Analysis 4. Predicting Model
The Mann-Kendall test is the ARIMA modeling to predict future
most common trend test in values based on the observation from
hydro-meteorological several past years observations
studies. In this study, the ARIMA model is
To estimated trends using applied to predict the nitrate
the Theil and Sen’s median concentration in the groundwater for
slope estimator for specific the period 2015-2030

time periods by the
percentage changes over

the mean o
\RCA



Findings

14
12 +
10

—e—Shallow Well —&—|ntermediate Well ——Deep Well

Nitrate (mg/L)

O N H» OO ®
|
I

o Yo o 2 D D D D D D D, D, D D D
%00 %%, %, "%, %, "%, "%, "% %05 "%, %, "%, "%, %, 0, 0

Zo. 2o L. Yo o Lo Lo Yo Yo Yo

& Present study reveal a significant increasing trend of nitrate concentration in the
L 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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Findings

14
12 -+ —®Residential Well ~——Industrial Well =~ —#-Agricultural Well
Alo T \
—
&
: . /AN
£ °7
5 4, v
] \ .
2 + AA 2\
o+t 4—+—F—F—F—F—F——F—F+—F—F—+—+—+—

Yo Yo Yo o Yo Yo Yo Yo o
\9\9&\9\9\9\9\9\9\9\9\%\\9\9\9

cPd) o D 7\99 \9\9

ihils

The significant increasing
trend of nitrate concentration
in the residential wells (P
value, 0.001<0.05) from 1989
to 2014.

9, %9

10 W

The significant increasing
trend of nitrate concentration
in the agricultural wells (P
value, 0.000<0.05) from 1989
to 2014.

O O SO O SO O “Os SO SO SO, SO, O, SO, SO, SO, SO
2 % %, D% s % % %y Xy s % %y U

P 9

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
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Nitrate Concentrations in Northern Kelantan

Legend

Nitrate (mg/L)
e <500
e 500-10.00
® >1000

™ Deep aquifer

2014
Nitrate Concentrations

0 5 7" Intermediate aquifer
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Findings

71%
agriculture
related

<8 ared

T —
B —

- -

P

Nitrate (mg/L)

Kelantan State

Land Use <5
Agricultural Area 5-10
Cities 10-15
Forest and Grass land I5<
024 8 12 16

R — ety

2014

86%

agriculture
e
i related
- area
é’) N
v ‘?w‘
57
& ﬁ‘i’}:\
e ':—E‘lﬁb
& 4 ol
@ ,lﬁ‘_
¢
G
e )
Kelantan State Nitrate (mg/L)
Land Use <5
Agricultural Area 5-10
Forest and Grass land 1015
Grass — 15-20
Industrial Area N 20< e . - 15

53 Cites U — w— i lOmelers

99% of the study area (847 km?) showed
nitrate concentrations
less than 10 mg/L

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




Findings

PART IV:

Prediction modelling of nitrate contamination from agricultural
activities
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Findings

Prediction Modelling

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 (l), and moving average
(MA) parts which are presented as ARIMA (p, d, q), respectively

’_M—
1

\\\\\\\
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Nitrate (mg/L)

Findings

25

Agricultural wells

—4—NO3.A
—o—ARIMA (NO3.A)
—e—\/alidation

—=—Prediction

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

10 W

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




Nitrate (mg/L)

Findings

25

Residential wells
20 +

15 +

—4—NO3.R

——ARIMA

(NO3.R)
—e—\/alidation

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/Lin 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

Cr

Gibbs Ratio | (for anion) = (—)
CI" +HCO,

Na*® +K™"

Gibbs Ratio Il (for cation)= (

Na® +K* + Caz*)

Guidelines

(WHO, EU, MOH)

RSC = (CO,* +HCO, )-(ca® +Mg*")

SAR =

o

e e

Na (%)=(

Na]

ca” [+ g [+ [Na' [+ <]

~x 100

(Na* +JHCOS‘)
PI

x100

" Ca® +Mg? +Na’

B ©3iici



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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Recommendations: For Researcher

\Os

. Application of b
Increase the frequency of Continuous monitoring of comprehensive aqueous

samolin various pollution variables " thermodynamic modelling Al
Piing with more comprehensive to study pollutant water-

data sediment interaction

. |/ ' .'?
& A TR o S Al LB
1

Analysis of hydrological
|dentification of point A more thorough analysis processes with

source and non-point . of water, sediments and combination of
source pollutant I ) biological samples J . hydrogeological and

hydrochemical properties

.

" - Ans;ynsajlilzfso;%a”mc Application of isotopic
oy RESENNENN haracteristics and climate il INJEIPINS in complement

with the environmental
L e influence on river pollution .
- o UF N o status forensics approach




For Government and Public

Programme

-Environmental
Awareness Camp

-Household Wastes
Classification

Acts & Regulation

- To avoid,
minimize, or reduce
pollutants release

Remediate the
Contamination

.“ |

=3

Payment

-Polluter and User
Pays Principle

Economic ,Social
& Environmental
Analysis

Monitoring &
Management
-Integrated Water
Resources
Management

-Integrated Basin
Management

~The only way to solve the pollution crisis is if everybody,
consumers and producers alike, urgently takes
responsibility for reducing waste~

CHANGE OUR ATITUDE
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THANK YOU

“We have made clear 1o you the signs; perhaps you
will understand.”
(57:17)

BERILMU BERBAKTI|

][]l
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