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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 
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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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