
 

 

 
 
 
 
 

D

 
A
to
hu
ch
by
fo
re
in
va
th
as
 
K
 
1.
 

ar
cl
su
M
de
ba
th
di
m

   
*C
E-
 

Assess

Department of R

2Department 

Abstract: This s
o characterize th
undred and twel
hlorophyll a and
y USEPA of 44.6
oreshore area an
evealed that sept
tercorrelation w

ariable that may
at the variable

ssumption of usin

Keywords:Grou

. INTRODU

The major c
rea of high de
lose proximity 
upply wells 

McQuillan, 200
esigned specifi
acteria threat. 
he water qualit
issolved solid 

multiple system

                   
Coresponding a
-mail: chanaru

sment of 
Bolinao

Rural Engineer

of Geodetic En

study aims to com
he spatio-tempor
lve (112) wells i
d nitrate. About 
66 mg/L ranging

nd high density b
tic tank density, 
with nitrate in dr
y be due to the ef
es providing sig
ng the same expl

undwater; Nitra

UCTION9 

concerns of nit
ensity develop
to one another
(Schneider et
04).Convention
ically to remov
Yet, this desi
typroblems re

(TDS), nor 
s(Schneider et 

                   
authors: 
un.p@gmail.co

Factors C
o Using G

P

ring, Institute o

ngineering, Co

mbine GIS and s
ral variation of 
n total were sam
half of the nitra
g from undetect

built-up area, ind
TDS, Three-Dim
ry and early of r
effect of run off 
gnificant inform
lanatory variabl

ate; GIS; MFA

trate contamina
pment or subd
r using septic ta
t al, 1989; T
nal septic tan
ve partial BOD
gn criteria do
lated tonitrate 
cumulative im
al, 1989). 

        

om; Tel: +855-

Techn

Tec

Controlli
Geograph

Phoeurn Chan 

of Technology o
C

ollege of Engine
P

statistical metho
groundwater qu

mpled for water 
ate levels in the s
able to 196 mg/
dicating human 
mensional Invers
rainy season.  H
and rain water 

mation to the va
les to describe n

A; Multiple line

ation are in the
divided lots in
anks and water
Taylor, 2003;
nk system is
D5, grease and
es not address
loading, total

mpacts of the

-92-871-790; 

Content l

no-Scienc

Journal H

chno-Science R

 
 
 

ing Nitra
hic Infor

 
Arun1*, Ariel C

 
of Cambodia, R
Cambodia. 
eering, Univer
Philippines 

 

ods such as Mult
uality and the fa
quality includin

study area excee
/L. Results show
activity released
se Distance Weig
However, during
dilution on grou
ariability of nit
itrate in the enti

ear regression

e 
n 
r 
; 
s 
d 
s 
l 
e 

A
Prote
drink
meth
infan
ecosy

A
since
many
groun
that n

U
facto
and 
mana
nitrat
(Alm
interp

list available at
 

ce Resea
 

Homepage: ww

Research Journ

ate Level
rmation S

C. Blanco2 

Russian Ferde

rsity of The Phi

tiple Factor Ana
actors affecting 
ng parameters s
eded the Maxim

wed that water q
d significant amo
ight (3D IDW), w
g the mid-rainy s
undwater. Resul
trate keep chan
ire study area an

According to 
ection Agency 
king water is 4
haemoglobinae
nts, gastric can
ystem degradat

Accuracy in ni
e nitrate conce
y complex con
ndwater qualit
nitrogen source

Understanding 
ors is importan

transport fate
age, manipula
te movement i

masri, 2007). H
pret and disti

t ITC  

arch Jour

ww. 

nal  1(2013) 51

ls In Gro
System (G

eration Blvd., P

iilippines,Dilim

alysis (MFA) and
nitrate levels in

such as pH, DO,
mum Concentrate
quality was poor
ounts of pollutan
well depth, and d
season, nitrate h
lts from multiple
nging spatially 
nd every season 

the United
(USEPA) the 

44.27 mg/l. Exc
mia or blue b

ncer, eutrophic
ation (Taylor, 2
itrate quantific
entration in gr
ntrolling factor
ty assessment i
es are highly sp

of interactio
nt in spatio-tem
e modeling. G
ateprocess, ana
in groundwater

However, GIS h
inguish the re

rnal 

1-60 

undwate
GIS) 

P.O. Box 86, Ph

man, Quezon C

d Multiple Linea
n groundwater o
, ORP, salinity, 
e Level (MCL) r
r mostly at the v
nts to the ground
distance to the s
had no relations
e regression ana
and temporally
is ineffective. 

d State Env
limit amount 
cessive nitrate 

baby syndrome
ation, fishkill 

2003;Rios et al,
cation is rarely
roundwater is 
rs(Alley, 1993
is complicated
patially variab

on of nitrate 
mporal variati
GIS offers th
alyze, map, v
r spatially and
has no built-in
egional effect

51 

er of 

hnom Penh, 

City 1101, 

ar Regression 
of Bolinao. A 
conductivity, 

recommended 
vicinity of the 
dwater. MFA 
shoreline had 
ship with any 
alysis showed 
y, suggesting 

vironmental 
of nitrate in 
can lead to 

e for young 
and aquatic 
, 2011). 
y to be met 
affected by 

3). Regional 
d by the fact 
le. 

and these 
ion analysis 
he tools to 
visualize of 
d temporally 
n function to 
t and other 



 

 

re
ha
co
st

st
m
co
an
sp
ty
co
de
th
an
co
de
fa
In
us
gr
co
ad
fa
id
 
 
2.
 
2.

B
C
K
an
(B
B
th
an
bu
fis
ou

dr
w
pa
re
m
ce
91
st
ar

m

elating factors 
avean applie
orrelations or 
tatistics and mo

Many studi
tatistical meth

movement in 
ombined GIS a
nd variation o
patial relatio
ypes.  Hudak(2
orrelation meth
epth and region
he weights of e
n ESRI ArcV
orrelation a
efinerelationsh
actors such as g
n this study G
sed to charac
round water 
oncentration, 
ddition, relativ
actors in influe
dentified and as

. MATERIA

1 Study Area 
 
Located in

olinao, one of 
hina Sea on th

Kakiputan Chan
nd plateaus of 
Barangay Germ
arangay Lucien

he town proper
nd trade as the 
usinessmen. M
shing, and ma
utside the town

Bolinao has
ry.  Dry season

while the rainy o
art of Novemb
eached up to 

mean temperat
entigrade. The 
1 percent whic
tarting from Fe
re the wettest m

With the sm
meter,Bolinaois 

in nitrate varia
ed technique

other spatial 
odeling (Lee et
ies have attem
ods to find t
groundwater.

and statistical 
of nitrate cont
onships with
000) and Ber
hods to evalua
nal trend of nit
evidence (WofE

View extension
and map-in
hips between n
geoenvironmen
IS and multip
cterize the sp

quality, w
in Bolinao, P

ve importance o
encing nitrate l
ssessed.  

ALS AND ME

n the western
Pangasinan’s m

he north and w
nnel and on th
Bani. Study a

minal and Co
nte 1 (Figure 1
r is basically r
economic acti

Meanwhile, ag
ariculture are t
n. 
s two pronounc
n starts from m
or wet season 
ber.The tempe
34.7 degrees 
ture is estim

main relative
h is unlikely to
ebruary to May
months with rai
mall portion o

suffering fro

ation. Thus, it 
e forfinding 

patterns usin
t al, 2011).  
mpted to comb
the factors af
 Barbiker e
analysis to stu

tamination an
h responsible
rktay (2006) u
ate the relation
trate. Masetti e
fE) modeling im
n, basically ba
tegration p

nitrate and com
nt and populati
le statistical m
patio-temporal
ith emphasis
Pangasinan, P
of anthropogen
evels in groun

ETHODS 

n part of Li
municipal, is b

west side; on th
he south by th
areas covers th
oncordia) and 
1).The livelihoo
relied on comm
ivities among t
griculture, cro
the chief econo

ced seasons, na
mid-November
starts from mid

erature of the 
centigrade wi

mated from 2
 humidity vari
o occur during 
y.July and esp
infall reaching 
of land about 
om water qua

is necessary to
the spatial

ng probability,

bine GIS with
ffecting nitrate
et al. (2004)
udy the extent

nd to establish
e land use
used GIS and

n between well
et al.(2008) use
mplemented as
ased on map-

processes to
mbine predictor

on density.  
methodswill be
l variation of
s on nitrate
Philippines. In
nic and natural
ndwater will be

ingayen Gulf
bounded by the
he east, by the
he rolling hills
he town proper

small part of
od of people in
merce, tourism
the small-scale

op production,
omic activities

amely, wet and
r to early June
d-June to early
region can be
ith the annual
27.74 degrees
ies from 78 to
the dry season
ecially August
852.40 mm. 
1 square kilo

ality pollution

o 
l 
, 

h 
e 
) 
t 
h 
e 
d 
l 
e 
s 
-
o 
r 

e 
f 
e 
n 
l 
e 

f, 
e 
e 
s 
r 
f 
n 

m 
e 
, 
s 

d 
e 
y 
e 
l 
s 
o 
n 
t 

o 
n 

from
can 
bacte
groun
More
septic
distan
requi
drink
provi
been
sourc

2.2 W
 

4
26 -
and B
were
2, 20
a).Th
depth
A CT
Japan
disso
(ORP
Nitra
last s
28 –
as be
and 
Chem
Nitra
groun
 
 
 
 
 
 

m about 1970 s
release nutrie

eria and oth
ndwater if th
eover, based on
c tank to the w
nce recomme
ires the asses
king wells to e
ide any hazar
 made to exam
ces of nitrate in

Fig.1. Loc

Water quality s

6 wells were s
March 3, 2012
Barangay Luc

e collected in th
012) at the Wes
he sampling w
h ranges from 
TD-type instru
n) was used 
olve oxygen 
P), and Chloro
ate Electrode N
sampling was 
29, 2012 (Fig

efore except m
analyzed o

metrics, Inc., 
ate Electrode
ndwater. 

septic tanks an
ents such as 
her chemical

hey fail to pe
n field observa
wells is not co
ended by the 
ssment on the
ensure that this
rd to users. H
mine groundwa
n groundwater 

cation map of t

ampling 

sampled during
2) between Ea
iente 1 and an

the start of rain
st part of Bolin
wells were th
1 to 25 m. 

ument (AAQ-1
to measure pH
(DO), Oxidat

ophyll a. Nitrat
NO 800 (WTW
held in the mi

gure2 b) for th
more samples 
offsite using 
USA) to com
that were inte

nd ditches. Tho
nitrate and p

l substances 
erform proper
ations, the spac
ompliant with t

USEPA (15
e water qualit
s common prac

However, no re
ater quality as 
of that area be

the study area

g the dry seaso
st of Bolinao t
nother fifty-six
ny season (Ma
nao town prop
e shallow typ

183, Alec Instr
H, salinity, co
tion Reduction
te in mg/l was

W GmBH, Ger
id-rainy season

he same in situ
of nitrate wer

photometer 
mpare with the
erfered by ma

52 

ose systems 
phosphorus, 

into the 
rly or leak. 
cing of each 
the standard 
5 m). This 
ty of those 
ctice do not 
esearch has 
well as the 

efore. 

 

on (February 
town proper 
x (56) wells 
ay 31 - June 
er (Figure 2 

pe with the 

rument Co., 
onductivity, 
n Potential 
 tested by a 

rmany). The 
n from July 

u parameters 
re collected 

(V-2000, 
e results of 
any ions in  



 

 

2.
 
   
w
D
an
re
se
fr
A

 
2.
ID
 

ve

3 Data manag

  Figure 3 is 
watershed boun
DEM with a 30
nd coastline 
esolutionsatelli
eptic tank dens
rom the buildin

ArcGIS Spatial 

(a)  

4 Three-Dimen
DW) 

3D IDW w
ersion due to 

Ho

gement and ana

the overall da
ndary was del
0 m by 30 m r

location w
te image via m
sity of a 100 m
ng map by usin
Analyst tools.

   

Fig.2. Sampli

nsional Inverse

was used inst
the fact that w

ouse/septic tank 
position 

Dens

Septic t
density r

Extracti

Septic tan
around a sam

alysis using GI

ata processing 
lineated from 
resolution. Sec

were mapped 
manual digitiz

m search radius
ng Kernal Dens
 Position of w

 

ing wells in (a)

e Distance We

tead of the tw
when two-dim

p

ity 

3
ID

tank 
raster 

ion tool 

nk density 
mpling well 

N

IS 

in GIS. First
the ASTERG

cond, building
from high

zing. Then, the
s was obtained
sity function in

wells consisting

 

) the dry season

Fig.3. Ov

ight (3D  

wo-dimensional
mensional IDW

Well 
position 

C

3D 
DW 

Near Eu
Di

D
fro
to 

, 
G 
, 

h 
e 
d 
n 
g 

of w
conv
XY 
Dime
accou
samp
comp
analy
temp
nitrat

(b) 

n and the begin
 

 

verall data proc

l 
W 

and s
regre
multi
varia

Coastline 

uclidean 
istance 

Distance 
om a well 
shoreline 

water quality d
verted from ex

Event Layer 
ensional Inver
unted for the 
pling wellto th
puted by t
ysis.Finally, a
poral and statist
te distribution.

nning of rainy

cessing in GIS

septic tank den
ession analysi
icolinearity. 

ables are high

DEM 

Watershed 
delineation 

Watershed 
boundary 

data, informat
xcels sheets to
in ArcGIS10 

rse Distance W
distance from

he 50 m surrou
theNear func
all the data w
ticalanalysis of
. 

season  (b) the

 

nsity were adde
is, these two
Multicolineari
hly correlated

tion of house
o shapefiles u

tool box. Af
Weight ( 3D ID
m the depth o
unding septic 
ction in G

were overlaid 
f  

e mid-rainy sea

ed together in t
o factors ma
ity occurs 
d. To avoid 

53 

eholds were 
sing Create 
fter this, 3- 
DW), which 
of the each 
tanks, were 

GIS spatial 
for spatio-

 

ason 

the multiple 
ay produce 
when two 
this, IDW 



 

54 
 

wasalso taken into account for the depth of each sampling 
well with the equation and figure below: 

 

D = ඥሺxଶ െ xଵሻଶ ൅ ሺyଶ െ yଵሻଶ ൅ ሺzଶ െ zଵሻଶ (1)  or 
 

D = ටሺdistance	between	well	and	septic	tankሻ2 ൅ ሺwater	tableሻ
2
 (2) 

 
Fig.4. Distance between two points in 3D space 
 
 
2.5 Statistical Analysis 
 

The obtained matrix of dataset was subjected for 
multivariate analytical techniques such as correlation 
analysis, multiple factor analysis (MFA) and multiple 
regression analysis. 
These techniques help to find the relationship between two 
or multiple factors and simplify large data sets in order to 
make useful generalizations and insight. These analyses 
were performed using an add-ins software for Microsoft 
Excel, namely XLSTAT. 

2.5.1Multiple Factor Analysis 
 
 Since many variables are highly correlated with each 
other and redundant, factor analysis aims to explain 
observed relation between nitrate and numerous variables 
in term of simpler relations. By applying this method, an 
originally large number of variables are reduced to a few 
factors through factor analysis method. These factors can 
be interpreted in terms of new variables. It is also a way to 
classifying manifestation of variables (Singh et al., 2008). 
The factor model used is expressed as: 

X୨ ൌ෍a୨୰f୰ ∈୨

୮

୰ୀଵ

 

Where fr is the rth common factors, p is the specified 
number of factors, “j” is the random variation unique to the 
original variable Xj, aji is the loading of the Jthvariate on 
the rth factor. It corresponds to the loading or weights on 
principal components. The principal component approach 

was started by extracting eigenvalues and eigenvectors of 
the correlation matrix and then discarding the less 
important of these(Singh et al., 2008). 
 

2.5.2 Multiple Linear Regression 
 

Regression analysis attempts to study the relationship 
between a dependent variable and a set of independent 
variables (one or more). In this study, multiple linear 
regressions will be used to examine, and explore spatial 
relationships between any parameters that have significant 
relationships with nitrate. 

Regression is the process of fitting an equation to 
the data. Sometimes, regression is called curve fitting or 
parameter estimation. Empirical models are widely used in 
engineering. Sometimes the model is a straight line; 
sometimes a mathematical French curve — a smooth 
interpolating function — is needed. Regression provides 
the means for selecting the complexity of the French curve 
that can be supported by the available data (Berthou and 
Brown, 2002).  
A multiple regression model that might describe this 
relationship is 

Y ൌ β଴ ൅ βଵxଵ ൅ βଶxଶ ൅ ⋯൅ β୬x୬ ൅ ϵ 

where:  

Y is the dependent variable, Xiare explanatory variables, 
Coefficients (β): values, computed by the regression tool, 
reflecting the relationship and strength of each explanatory 
variable to the dependent variable, 
Residuals (ε): the portion of the dependent variable that 
isn’t explained by the model; the model under and over 
predictions. 

All the variables were input into the regression to 
select the best model to predict nitrate variation. As this 
regression work best for the linear relationship, nitrate will 
be transformed to logarithm scale for some cases in order 
to obtain straight-line relationship between multiple 
variables. 
 
3. RESULTS AND DISCUSSION 

 
3.1 Ion selective Method vs. Colorimetric Method in 
Analyzing Nitrate in Groundwater 
 

As groundwater usually contains many kinds of ions, 
nitrate was analyzed using combination methods such as 
Nitrate Electrode and colorimeter to overcome the 
interferences of ions on the measurement. As a result, 
linear equation was obtained from the comparison of both 
equipments in the third sampling. This equation was then 

Well 

X 

Y 

Z 

Water 
level 

Septic tank 
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used totransform all the data in the first and second 
sampling.  
 

 
 

Fig.5. Relationship between nitrate concentrations 
measured using from Nitrate Ion Selective Electrode and 

Photometer 
 
3.2   Spatial Variation of Water Quality in the Study Area 
 

pH in the first sampling ranged from 6.64 to 7.76 with 
the temperature of  27 to 310C. pH ranged from 6.7 to 7.1 
with the temperature of 28 to 35.50C in the second 
sampling. No significant variation of pH and temperature 
were detected. The pH values of both sampling periods 
indicate the bicarbonate environment, which is dominated 
by Ca and Mgb(Hounslow, 1995). These ions were the 
major sources of interference during the sampling. 
Average DO was 3.6 mg/l ranging from 6.2 to 1.4 mg/l in 
the first sampling. The highest DO was found in the 
barangay Luciente 1, where the distribution of houses was 
sparse.  DO droppedbelow 4 mg/l once the groundwater 
reached the town proper boundary and kept decreasing 
below 2.5 mg/l towards the shoreline, where high density 
of informal settlers could be found. Depletion of DOin the 
crowded area indicatedthe presence of oxygen demanding 
materials from anthropogenic sources. 

DO in the second sampling varied from 1.3 to 6.72 
mg/l. However there was no trend of DO variation to be 
observed in the second sampling. 

In the first sampling, TDS ranged from 425 to 3667 
mg/l with the average of 880 mg/l. All of the up-gradient 
wells in the Barangay Luciente 1 had acceptable TDS 
value (about 500 mg/l).  8 of the 11 wells located about 
100 m were affected by sea water intrusion (TDS above 
1000 mg/l).25 out of 56 or 45 % of the wells measured in 
the second sampling were found brackish. Those brackish 
wells were observed from about 3m to 400 m offshore. As 
TDS can be increased due to human activities, all the salt 
encroachment wells were excluded from the statically 
analysis in order to avoid misinterpretation(Figure 6 A,B).  

 

In the first sampling, ORP ranged from 259 to 114 mV 
with the averageof 224 mV. ORP did not vary 
significantly, except few wells close to the sea that ORP 
dropped below 200 mV. ORP ranged from 67 to 257 mV 
in the second sampling. ORP drop once salt increase due to 
the oxidation of organic compound and ion species 
(Kresic, 2009). ORP is the indicator of nitrogen form. 
Under reducing or anaerobic condition, nitrate will be 
converted to nitrogen gas. The current oxidation system 
implies that the chance of water to recover from nitrate 
contamination by denitrification is very low(Figure 6 A,B).   

 

During the first sampling, few wells located in the 
upper part of the watershed about 2 km from the town 
proper were measured for nitrate as the controlling wells. 
None of those wells had nitrate concentration more than 10 
mg/l. Those wells are located in fallow land with small 
crop activities. On the other hand, nitrate concentrations 
ranged from 2 to 96.2 mg/l with the mean of 35.89 mg/l in 
the first sampling site. Nitrate levels increased as the 
location of the wells became closer to the town proper. As 
a result, 10 out of 42 wells (24 %)had nitrate 
concentrations exceed USEPA MCL of 44.27 mg/l. 
Acceptable nitrate level wells were found in the Barangay 
Luciete 1, but high nitrate levels were found in the town 
proper wells. In addition, peak value of nitrate were 
observed in the informal settler area close to the sea 
(where septic tank density varies from 50 – 90 per ha) as 
shown in Figure 7 A,B). 

In the second sampling, 31 of 56 wells (55.35%) had 
nitrate level over the standard limit. Nitrate ranged from 
undectected to 196 mg/l with the mean of 60.8 mg/l. Most 
of the wells with elevated nitrate concentrations are 
located close to the shore and near the center of the town 
proper (Figure 8 A,B).  

 
3.3   Temporal Variation of groundwater quality in the 
study area 
 

According to Figure 9, pH was more alkaline during 
the dry season (Feb 26 – Mar 3, 2012) due to the geology 
of the study area and effect from the tides since the study 
area is located in a coastal land.Usually, when 
groundwater is diluted with rainwater, pH become less 
alkaline.  As a result, in the beginning of rainy season, pH 
dropped a bit. In the heavy rain season, pH dropped more.  

Wells with low DO were compensated by the recharge 
raindrop providing such amount of oxygen to the soil and 
groundwater. However, wells that had the lowest DO for 
all the seasons are located at the vicinity of the foreshore 
area or discharge points where oxygen is already depleted 
due to the organic material along the pathway. 

TDS in themid-rainy season were lower than in the dry 
and beginning of rainy season.Therewere no more wells 
severely contaminated by saltwater encroachment (TDS 

y = 1.7001x + 33.477
R² = 0.7917

0

50

100

150

200

250

300

0 50 100 150

N
it

ra
te

 t
es

te
d

 in
 m

g/
l 

fr
om

 N
it

ra
te

 E
le

ct
ro

de

Nitrate tested in ppm by photometer



 

 

>
th
fo
th
so
po
D

ha

 

 

 
 

 

A

A

A 

1000 mg/l). Th
he mid-rainy se
ollowing: septi
hroughflow fro
oil salinity due
otential in mos

DO and dilution
During the m

ave nitrate con

Fig.7 (A

Fig. 8 (A) N

A 

A 

he lower level 
eason may be 
ic tank seepag
om increased 
e to a flushin
st wells was in
n of ion species
mid-rainy seas
ncentration exc

Fig.6. Spatial

A) Nitrate conc

Nitrate concent

of TDS concen
due to a comb

ge dilution eff
precipitation; 

ng effect. In a
ncreased due to
s.  
son, 48 % of s
ceeding the M

l variation of O

centration of th
histo

tration of the s
histogra

ntration during
bination of the
fect; increased
and declining

addition, redox
o the supply of

sampling wells
MCL of nitrate

ORP and TDS (

he first samplin
ogram of nitrat

 
econd samplin
am of nitrate le

0
1
2
3
4
5
6
7
8

5

F
re

q
u

en
cy

g 
e 
d 
g 
x 
f 

s 
. 

Nitra
seaso
the le
and 
syste
betw
accor

 
(A) in the first 

ng with the exc
te level during 

ng with the exc
evelduring the 

0

2

4

6

8

0

F
re

q
u

en
cy

B

B

B

30 55

Ni

Second

ate in most we
on. This could
eakage of exis
spread of po

em and other su
ween early and 

rding to the loc

sampling, (B) 

essive amount 
the first sampl

essive amount 
second sampli

25

Nitrate

First sam

80 105 13

itrate (mg/l) 

d sampling

ells increased m
be caused by t

sting septic tan
ollutants from 
urrounding sou
mid-rainy sea

cation of the w

in the second 

t shown in red c
ling 

t shown in red c
ing 

50 75

e (mg/l)

pling

30 155

more compared
the rains, whic
nk, poor drain

the houses u
urces. The leve
asons varied m

wells. 

sampling 

 
circle; (B) Freq

circle; (B) Freq

56 

d to the dry 
ch enhanced 
age system, 
using ditch 

els of nitrate 
more or less 

 

quency 

quency 



 

57 
 

 

 
 

 
 

Fig.9. Temporal variation of groundwater quality in the study area 
  

3.4 Multiple Factor Analysis for factors affecting nitrate 
level 
 

During the first sampling, all parameters affecting 
water quality were broken down into four main factors, 
which explain about 67 % of total sample variance as 
indicated in Table 1.  

The variances as explained by the factors were 32.73 % 
for factor 1, 15.42 % for factor 2, 11.54 for factor 3, and 
7.83 % for factor 4.The first factor was positive related to 
pH, septic tank density, TDS, and nitrate; meanwhile it 
was negatively related to the DO, well depth and distance 
to the shore. The positive correlation suggested that nitrate 
increased accordingly to the level of TDS, pH and number 
of septic tank. The negative relationship between 

nitrateand other parameters indicated that shallow wells 
were more susceptible to nitrate than the deep ones, and 
the more closer the well were to the shore, the more nitrate 
concentration increased.  In addition, low DO would be 
found where water contains high nitrate. 

The second factor was positively loaded on 
chlorophyll-a and negatively loaded on temperature. The 
third factor was heavily loaded on 3D IDW, while the last 
factor was positively related to ORP. 
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Table 1. Multivariate factor analysis of chemical 
constituents of groundwater samples in the 1st sampling 
 
 

Variables F1 F2 F3 F4 

Temp -0.02 -0.49 0.28 -0.31 
Chl_a 0.24 0.77 -0.28 -0.31 

pH 0.49 -0.35 0.35 0.26 
ORP -0.35 0.09 -0.03 0.45 
DO -0.39 -0.28 0.13 0.13 

septic tank 
density 0.89 0.03 0.15 0.25 

well depth -0.73 0.50 0.17 0.42 
TDS 0.76 0.05 0.23 0.00 

distance to 
the shore -0.59 -0.16 0.35 -0.09 

nitrate 0.801 -0.026 -0.294 0.298 
3D IDW 0.247 0.563 0.780 -0.120 

Percentage of 
variance 

32.730 15.425 11.541 7.837 

 
According to Table 2, the variables of factor 1 in the 

second sampling such as septic tank, nitrate, 3D IDW and 
TDS were found to have intercorrelation with each other 
suggesting water quality was affected by human pollution. 
Nitrate increased according to the number of the septic 
tanks and the distance from them to the well. The same 
case with the first sampling, nitrate correlated negatively 
with well depth and distance to the shore, revealing that 
nitrate accumulation occurred in the downgradient wells 
where the depth was most likely shallow. Variables of the 
factor 2 and 3 seemed to be affected by the natural process 
such as temperature and seasonal conditions. As a result, 
pH increased according to the temperature, and ORP 
decreased while chlorophyll increased simultaneously with 
DO during the beginning of rainy season. 
 
Table 2: Multivariate factor analysis of chemical 
constituents of groundwater samples in the 2nd sampling 
 

Variables F1 F2 F3 

Temp 0.010 -0.439 -0.306 
Chl_a -0.321 -0.193 0.527 
pH 0.322 -0.700 -0.272 
ORP -0.336 0.363 -0.605 
DO 0.198 0.237 0.515 
septic tank density -0.839 -0.072 0.049 
well depth 0.481 -0.220 0.000 
TDS -0.836 -0.155 0.141 
distance to the shore 0.840 0.398 0.068 
nitrate -0.716 -0.246 0.153 
3D IDW -0.749 0.403 -0.191 
Percentage of variance 35.136 12.664 10.630 

 
However, regarding to Table 3, nitrate in the third 

sampling (mid-rainy season) did not correlate with any 
parameters, which may result from the effect of heavy 
rainfall.  

 
Table 3: Multivariate factor analysis of chemical 
constituents of groundwater samples of the third sampling 

 

Variables F1 F2 F3 F4 
Temp 0.112 -0.094 0.119 -0.453 
Chl_a 0.645 -0.134 -0.246 0.293 
pH -0.284 0.338 0.208 -0.004 
ORP -0.157 0.489 -0.064 -0.186 
DO -0.219 0.421 0.144 -0.115 
septic tank 
density 

0.724 0.061 -0.087 -0.082 

well depth -0.481 -0.699 -0.303 -0.005 
TDS 0.364 -0.678 0.633 0.064 
distance to 
the shore 

-0.798 0.276 0.201 0.379 

Nitrate 0.165 0.118 0.245 0.001 
3D IDW 0.858 0.465 0.030 0.158 
Percentage 
of variance 

26.684 16.821 8.683 6.840 

 
3.5Multiple Linear Regression analysis between 
nitrate and independent factors  
 

As shown in Table 4, after all the variables including 
water quality parameters, septic tank, well depth, distance 
to the shoreline and the 3D IDW were input together, five 
variables were selected as the best explanatory variables 
for the model with the coefficient of determination R2= 
0.63 (after nitrate values were transformed to logarithm 
scale) meaning that 63% of the variability of nitrate in the 
study area was predicted. Those independent parameters 
are temperature, pH, ORP, DO, septic tank density. The 
root mean square value (RMSE) is 0.057. With the 
Fisher’s F test lower than 0.001, it means that we would be 
taking a lower than 0.01% risk in assuming that the null 
hypothesis (no effect of the all explanatory variable) is 
wrong. 
 

The probability P to the t value (Pr> t) can be used to 
indicate whether a variable brought significant information 
or not after all the other variables were included in the 
model. The probability P to the t value (Pr> t) of each 
variable showed that only septic tank density and DO (Pr>t 
belowthe threshold value of 0.05) contributed significant 
information the model once other variables were added at 
the same time (Table 4). 
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Table 4: Model parameters of the first sampling 
 

Parameter Value 
Standard 

error 
t Pr> |t| Pr> F 

Intercept 3.29 1.66 1.98 0.06 

<0.0001

Temp -0.05 0.05 -1.03 0.31 
Chl_a -0.29 0.14 -1.96 0.06 
DO -0.09 0.04 -2.20 0.03 

septic 
tank 

density 
0.01 0.00 4.94 < 0.00 

 

R2 =0.6 with the equation: lognitrate = 3.29 - 5.91E-02 * Temp -
0.291*Chl_a - 9.74E-02 * DO + 1.01E-02 * Septic tank density  
 

As shown in Table 5, four parameters of the second 
sampling were selected for the best model including septic 
tank density, TDS, shoreline and DO. The model 
accounted for 66 % of nitrate variability. RMSE is 28.98. 
Based on the Fisher’s F test of 0.0004, the risk of rejecting 
the null hypothesis (variables has no effect) is less than 
0.01 %. Based on the probability to the t (Pr> t) equal to 
0.05, DO and shoreline distance contributed significant 
information to the model among the four variables. This 
may be because septic tank density in the beginning of 
rainy season was not the only dominant source of nitrate. 
As mention above, the run off can promote the existing 
leakage of septic tank, overflow of toilet ditch and carry 
pollutants from point sources such as markets, hospital and 
other infrastructures, leading to the accumulation of nitrate 
at the shoreline (discharge point) and dissolved oxygen 
increase.  

 
Table 5: Model parameters of the second sampling 
 

Parameter Value 
Standard 
error 

t Pr> |t| Pr> F 

Intercept 48.97 60.44 0.81 0.428 

0.0004 

DO 12.36 5.18 2.38 0.028 

septic tank 
density 

-0.95 1.03 -0.92 0.369 

shoreline 
distance 

-0.28 0.08 -3.24 0.005 

TDS 0.10 0.07 1.34 0.196 
 
R2=0.66 with the equation: Nitrate = 48.97 + 12.36 * DO - 0.95 * 
septic tank density - 0.28 * shoreline distance + 0.10 * TDS 
 

During the third sampling, the best performance of the 
model accounted only for 13 % of variation (R2 = 0.13). 
Moreover, none of thePr> t value contributed significant 
information to the model (Pr>t higher than 0.05).  
According to Table 6, this performance is very poor, 
meaning during the heavy rainy season, there are other 
important factors that have not included in this analysis.  

 
 

Table 6: Best model selected for the second sampling 
 

Parameter Value 
Standard 
error 

t Pr> |t| Pr> F 

Intercept -82.7 99.4 -0.83 0.41 

0.25 

Temp 2.59 3.38 0.77 0.45 

Chl_a 9.64 5.60 1.72 0.09 

DO 3.07 2.02 1.52 0.14 
septic tank 
density 0.25 0.14 1.76 0.09 
shoreline 
distance 0.02 0.02 1.18 0.25 

 
R2=0.13 with the equation: Nitrate = -82.70 + 2.59 *Temp 
+ 9.63 * Chl_a + 3.07 * DO + 0.24 * septic tank density 
+1.95E-02 * shoreline distance 
 
4. CONCLUSIONS 

 
The aim to characterize the spatio-temporal variation of 

groundwater quality in the study has been accomplished 
with the help of GIS in enhancing data collection, 
processing, and rapid visualization. Results showed that 
water quality was poor mostly at the vicinity of the 
foreshore area and high density built-up area, especially 
the informal settlement with a septic tank density of about 
50 to 90 per ha. This degradation of water quality 
proportional with population density indicated human 
activities released pollutants to the groundwater. However, 
beside human activity, salinity of the wells in the area was 
also affected by seawater intrusion. 

About 4 %, 55.35 % and 48 % of sampling wells had 
nitrate concentration exceeding the MCL of 44.66 mg/l in 
the first, second and third sampling, respectively. Overall 
nitrate from the sampling wells ranged from undetectable 
to 196 mg/l. Nitrate about 2 km inland from the shore was 
below the background value and increased dramatically as 
the distance nears the town proper.  Moreover, aerobic and 
oxidation condition of groundwater in the study area imply 
that the chance of biological removal of nitrate by 
denitrification is low. 

According to temporal analysis of water constituents, 
during the wet season, the quality of DO, ORP and TDS 
were better due to the effect of dilution and more oxygen 
supplying by rainwater. Meanwhile, pH became lower 
(more acidic) and nitrate increased severely due to the 
effect of stormwater runoff, which carry pollutants from 
the upper part of the watershed (agricultural land), and 
surrounding places. Also, the rainwater can enhance 
leakage from septic tanks, poor sewage system, and ditch 
overflow. 

Results from MFA revealed that septic tank density, 
TDS, 3D IDW, well depth, and distance to the shoreline 
had correlation with nitrate in the first and second 
sampling, which was conducted in the dry and beginningof 
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rainy season.  The results suggested that nitrate level 
increased according to the number of the surrounding 
septic tanks and the level of TDS. However, nitrate varied 
inversely with the depth of the well and distance from the 
well to the septic tank. During the third sampling held in 
the mid-rainy season, nitrate had no relationship with any 
variable and this may be due to the effect of run off and 
dilution with the rain water on the groundwater.  

Results from multiple regression analysis revealed 
alternative group of variables affecting nitrate. The 
variables providing significant information to the 
variability of nitrate keep changing spatially and 
temporally, suggesting assumption of using the same 
explanatory variables to describe nitrate in the entire study 
area and every season is ineffective. Since the optimum 
performance of the model is about 66 % only (R2 0.66), it 
means that there are other underlying parameters need to 
be studied due to the complex mechanism of nitrate 
contamination resulting from seasonal changing, landuse 
pattern, plant uptake, geology of the study area, and so 
forth. 
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