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Abstract

Changes in the physico-chemical characteristics provide significant information on status and health of aquatic
ecosystem particularly marine life. This study was conducted to analyze the physico-chemical and biological
water quality parameters of the selected three coastal waters of Iligan Bay, Philippines which has been a major
fishing ground for its rich fishery resources. A total of 11 physico-chemical and 3 biological parameters were
observed. Principal component analysis showed four major PCs which accounted for 88.3% variance of the
original data structure. The first PC explained 38.191% of the total variance and was best represented by nitrate,
phosphate and conductivity. The second PC was dominated by Dissolved Oxygen (DO) and Total Dissolved
Solids (TDS), accounting for 26.062% of the total variance. The third PC explained 13.787% of the total variance
and loaded heavily on transparency and substrate type. The fourth PC accounted for 10.212% of the total
variance which is dominated by hetero plate count, total coliform and E. coli. Results showed that selected sites
in Iligan Bay generally, did not comply with the limits of quality set by the DENR especially for surface water
temperature and pH. Moreover, results for bacteriological analysis implied that the three sites examined
exhibited relatively poor water quality during the study period. In this respect, poor water quality is attributed to

anthropogenic activities in the area.
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Introduction
Coastal water environment has served as the ultimate
destination of virtually all terrestrial runoffs and a
recipient for various kinds of anthropogenic wastes.
Population growth resulting to acceleration of
domestic, municipal, industrial, agricultural and
recreational activity were the primary causes of these
pollution in the marine realm. These activities have,
in many cases, severely affects the local biota and the
shallow near shore marine environment are
particularly subject to frequent and extensive
industrial and municipal pollution (Kravchuk, 2006).
In a study by Al-Zamel (2008), habitat loss and
degradation as well as man-made pollution were to
blame for the steep decline in the quality of marine
waters. Herewith, there is a need to assess the status
and health

assessment of water quality can be defined as the

of water resources. Noteworthy,

analysis of physical, chemical and biological
characteristics of water that influence species
composition, diversity, stability, production and
physiological conditions of indigenous populations of
a water body (Boyd, 1982 as cited by Ogidiaka et
(2006)

Pamukkale stated that one of the best approaches of

al.,2012). Duran from University of
biological monitoring studies for indicating water
quality are the combinations of chemical and

biological methods constitution.

In addition, bacterial indicators have been utilized
worldwide to show if a water body is contaminated by
fecal contamination. The occurrence of fecal coliform
in aquatic  environments signifies  water
contamination via fecal matter. Some of these
indicators, i.e. fecal coliforms, E. coli and
Enterococcus spp., are used to monitor the fecal
contamination of seawater bodies worldwide (Feng et
al., 2002). Exceeding contents of indicator bacteria in
seawater have been related to increased risk of
pathogenic microorganism-induced sickness to
humans (Donovan et al., 2008). Many researches
such as Shuval (2003), Colford et al. (2007) and
Fleisher et al. (2010) have documented an elevated
risk of contracting gastrointestinal diseases, skin

infections as well as acute respiratory infections after
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exposure with recreational waters and seawater body
with increased concentrations of indicator bacteria.
Hence, their presence suggests that a potential health
risk exists for individuals utilizing the water (USEPA,

2001).

Moreover, with the growth of human population and
industrialization, marine water has received large
amounts of pollution from recreation and discharge
of polluted effluents. In Iligan City, there have been
previous studies on monitoring and assessment of the
microbial quality of the stressed coastal zone of Iligan
Bay. According to Apuan et al. (2014), the seawater of
Barangay Dalipuga and Kiwalan have been
contaminated by microbiological organisms of fecal
origin viz. Enterobacter, Citrobacter, Kleibsiella,
Salmonella and E. coli, and therefore not safe for

recreational and fishing activities.

Hence, there is an urgent need to determine and
monitor the physico-chemical and biological profile of
Iligan Bay since it has been a major fishing ground for
its rich fishery resources such as fish, algae and
mollusks which is their source of livelihood for many
people in the area. Severe alterations of the physico-
chemical conditions of the Bay can easily affect the
marine life and this ecosystem has become the
privileged receptacle of pollution because of the
anthropogenic development resulting to waste
effluents in many points. A description of such factors
will be very relevant towards effective monitoring and
manipulation of Iligan Bay to maintain its dynamic
equilibrium, which is a very important in maximizing

productivity.

This study aims to (1) assess the physico-chemical
and biological properties along the shores of
Barangay Kiwalan, Sta. Felomina and Saray using the
physico-chemical parameters such as surface water
temperature, pH, Total Suspended Solids (TSS), Total
Dissolved Solids, salinity, conductivity, transparency,
Dissolve Oxygen (DO), substrate type, nitrate,
phosphate, (2) determine total coliform levels and
heterotrophic plate count using Most Probable
Number (MPN) Technique for Multiple Tube
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Fermentation and to detect and isolate E. coli strains
(3) compare the dataobtained with standard values
recommended by DENR and (4) determine the
relationship between physico-chemical and biological
conditions of the surface waters using Principal
Component

Analysis coupled with Pearson’s

Correlation.
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Materials and methods

Study Area

Iligan Bay is located in Mindanao (Fig. 1), with a
latitude of N 80 25’ 0 and a longitude of E 1240 4’ 60.
It has an estimated coastline of 170 km with surface
area of about 2,390 kms. Along its coast are the
provinces of Misamis Occidental, Misamis Oriental,
Zamboangadel Sur, and Lanao del Norte. It connects
with Panguil Bay on the south western part and opens
to Bohol Sea in the north.
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Fig. 1. Map of the area showing the sampling sites along Iligan Bay.

The climatic condition in Iligan Bay is governed by 3
main air currents, namely the prevailing winds (Trade
wind) during March to May, the Southwest monsoon
(Habagat) in June to October, and the Northeast

monsoon (Amihan) in November to February.

Three sampling stations were established near the
coastline on the water depth ranging 10-15 meters

using the Global Positioning System (GPS).

Station 1 was situated in front of PILMICO FOODS
CORPORATION at Kiwalan, Iligan City. It is bounded
by Iligan Bay on the north, Municipality of Dalipuga

on the east and Barangay Acmac on the west.

It is primarily engaged in the manufacture of wheat

flour and related products such as feeds and feed

ingredients, yeast, powdered sugar and baking
powder.

Station 2 was situated in front of SAN MIGUEL
CORPORATION - ILIGAN COCONUT OIL, (formerly
ILICOCO)which is located in Barangay Sta. Felomina
and is 7.8 kilometers from the city proper. It is
bounded by Iligan Bay on the north, Municipality of
Acmac on the east and Barangay Hinaplanon on the
west. It is one of the two copra solvent extraction

plants in the city and was established in 1975.

Station 3 was situated in front of port which is in
Barangay Saray and is near the city proper. The port

is also located near the wet market.

All three sampling stations were considered highly

impacted and disturbed areas. Table 1 shows the
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coordinates of each sampling stations established

within Southern portion of Iligan Bay.

Physico-chemical Water Quality Parameters

Nine cleaned polypropylene bottles for physico-
chemical analysis plus another 3 pre-autoclaved and
sterilized 250 ml bottles for microbial analysis were
prepared in the laboratory and brought to the field. A
total of 12 samples were obtained at the study area, 4
samples from each station which later divided into
two groups, the first group of bottles was for
microbial analysis while the second was for physico-
chemical analysis. Surface water (~20 cm deep), was
obtained manually and immediately secured in an ice
bucket for delivery to the laboratory within 4 hours.
The physical and the chemical parameters of the
coastal waters were measured such as; temperature,
pH, dissolved oxygen (DO), conductivity, total
dissolved solids (TDS), salinity, total suspended solids
(TSS), transparency. The determination of these
parameters was done once a month from February
2017 to April 2017 with three replicates. The total

average was calculated.

Phosphates were determined by colorimetric method.
To 2 ml aliquot of the water sample in a 25 ml
volumetric flask was added one drop of
phenolphthalein indicator followed by 2 ml of
ammonium molybdate and then 1 ml of freshly
diluted stannous chloride solution. These were made
up to 25 ml volume with distilled water and mixed
thoroughly. After 5 - 6 minutes and before 20
minutes, the colour intensity (absorbance) was
measured at a wavelength of 660 nm in a

Spectrophotometer.

Nitrates were determined by modified Kjeldahl
method (Bremner and Mulvaney, 1982). 50 ml of
water sample and 4 ml of salicylic acid/sulphuric acid
were added in the digestion flask and swirled
thoroughly to achieve homogenous mixture. 0.5 g of
sodium thiosulphate was added and the mixture was
heated cautiously until frothing has ceased. 1.1 g of
potassium sulphate catalyst mixture was added and

heated until the digestion mixture became clear. The
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mixture was boiled for up to 2 hours. It was ensured
the temperature did not exceed 400°C. The digested
mixture was allowed to cool and 20 ml distilled water
was added slowly while shaking. 10 ml of boric acid
was added, diluted with 20 ml distilled water and the
flask was placed under the condenser of the
distillation apparatus. 20 ml of sodium hydroxide was
added through the funnel of the apparatus. About 50
ml of condensate was distilled and a few drops of
Boric acid indicator added. This was titrated with 0.01
mol/L sulphuric acid to a violet end point. The titre
values were recorded and used to calculate nitrate

content.

Biological Water Quality Parameters

A volume of 100 milliliter (ml) of seawater sample
was aseptically collected into a sterile, 250- ml glass
bottle. One sample from each site was collected.
Samples were kept on ice and were transported
immediately to the Iligan Waterworks laboratory. The
water samples were processed immediately upon
stabilization of the temperature. The Most Probable
Number (MPN) Technique for Multiple- Tube
Fermentation and Spead Plate method for isolation

were used for the analysis.

A set-up of double strength lactose broth (DSLB)
tubes and 6 single strength lactose broth (SSLB) tubes
were prepared. The bottle of water sample was shaken
twenty-five times. The 3 DSLB tubes were mixed with
10 ml of the water sample. The 6 SSLB tubes were
equally divided into two sets and were dispensed with
1.0 ml and 0.1 ml of the water respectively. Each tube
was labeled according to the amount of water that
was to be dispensed into it. The tubes were incubated
at room temperature for 24 hours and were examined
for at least 10% gas formations which were recorded

as positive.

Positive lactose broth cultures were selected from the
presumptive test and were spread-plated onto a plate
of Levine EMB agar medium that would preferably
produce good isolation of colonies. The EMB plates
were incubated for 24 hours at room temperature.

Positive tests gave isolates with a metallic green
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sheen. These were presumptively identified as E. coli
isolates. Other isolates exhibiting purple, blue-black
to dark brown colors of different texture were other
member of Enterobacteriaceae.

An agar slant was inoculated by randomly picking an
isolate with a metallic green sheen. Wet mount and
Gram staining was conducted on the 24-hour old
cultures in order to verify further if the isolates were

E. coli.

Determination of Heterotrophic Plate Counts (HPC)
using Serial Dilution and Spread Plate Method of
Isolation

Sterile blue tips and 9.9 ml distilled water diluents
were prepared. Aseptic techniques were strictly
followed in conducting serial dilution. Using a
micropipette, 0.1 ml was aseptically transferred from
the sample water bottle into the diluent (10 -2). This
was then slightly mixed, and from this first dilution,
another 0.1 ml was pipetted out into another tube
with diluent (10-4). After slight mixing, another 0.1
ml was pipetted out and diluted into the final diluent
10-6.

Using a micropipette, 0.1 ml was collected from the
water sample bottle and introduced into the nutrient
agar plate. The same amount was pipetted from
prepared dilutions of 10-2, 10-4, and 10-6 and
dispensed into the nutrient (NA) plates. The same
process was done for each respective duplicate of each
dilution. These were incubated for 24 and 48 hours at

room temperature.

After 24 and 48 hours of incubation, colony counts
were conducted. After 48 hours of incubation,

characterization of the different bacterial colonies was
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done and was assigned with bacterial species number
for identification purposes.

To determine the heterotrophic plate count (cfu/ml),
the average number of colonies (if counting duplicate
plates of the same dilution) per plate was multiplied
by the reciprocal of the respective dilution of the

water sample.

Statistical analysis

The structure of the water quality indicator was
explored using multivariate analysis. Data on the 14
variables were pooled and subjected to Principal
Component Analysis (PCA) to sort variables and
identify the most important that best describe the
character of seawater quality. Coupled with Pearson's
allows
These

multivariate approaches help to identify possible

product moment correlation analysis,

resolving this complex data matrix.
factors/sources that influence the water systems and
offers a valuable tool for reliable management of
water resources, as well as a rapid solution on
pollution problems (Morales et al., 1999). Significant
component factor was identified based on eigenvalue.
Any principal component (PC) with eigenvalue >1.0
was considered significant. Multivariate analysis was

implemented using SPSS software version 24.

Results and discussion

Physico-chemical Water Quality Parameter
Temperature

The results of the study on physico-chemical during
the period of study are presented in Table 2. The
values were compared with the standard values set by
Department of Environment and Natural Resources
(DENR).

Table 1. Coordinates of the different sampling sites established in Iligan Bay.

Site Designated name Coordinates

1 Pilmico Foods Corporation N 8¢ 28’ 24.5 E 124° 25’ 80.4
2 San Miguel Corporation N 8027’ 57.5 E 124° 25’ 89.2
3 Iligan Port N 8214’ 8.2 E124° 24’ 8.6

The present investigation observed that the surface
water temperature did not fell within the acceptable
range (26 °C- 30 °C) as recommended by the DENR

in coastal waters (DAO 34, 2016). Water temperature

in each coast range from 24 °C to 26 °C. In March
sampling period, the temperature in sampling sites
slightly increased varying from 25.5 °C to 26.6 °C and

Barangay Kiwalan has the highest temperature.
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Table 2.Comparison of physico-chemical parameters of three coastal waters in different sampling period.

Site Physico-chemical parameters
Temp. DO pH Salinity Conducti TSS TDS Transpare Hetero Plate Total Coliform Coliform Nitrate Phosphate Substrate Type
(mg/L) (ppm) vity (g/ml) (ppm) ncy (m) Count (MPN/100mL)  Fecal E.Coli (mg/L) (mg/L)
(MPN/100mL
February
Kiwalan 26.0 5.67 10.8 31 363 0.029 924 5 98 >16 >16 3.7 0.01 Sandy-rubble
Sta. Fe 24.8 6.0 10.6 33 381 0.039 962 5 56 9.2 9.2 3.7 0.02 Sandy
Saray 24.7 5.72 10.3 35 362 0.065 855 4.5 79 >16 >16 4.5 0.09 Sandy
March
Kiwalan 26.6 5.45 10.8 31 282 0.057 724 7 92 >16 9.2 3.2 0.08 Sandy-rubble
Sta. Fe 26.2 5.90 11.0 31 302 0.046 827 5 89 >16 9.2 2.4 0.05 Sandy
Saray 25.5 5.32 10.7 21 258 0.083 643 4 177 >16 >16 2.9 0.04 Sandy
April
Kiwalan 20.1 6.86 11.1 32 282 0.064 820 5 77 >16 9.2 0.1 -0.09 Sandy-rubble
Sta. Fe 28.8 7.32  11.2 31 281 0.035 831 5 113 >16 16 0.4 -0.09 Sandy
Saray 20.1 6.38 111 21 198 0.070 798 4 82 16 9.2 0.2 -0.09 Sandy
DENR 26-30 5 7.8-8.5 - - 75t09% 1000 - - 70 - 10 0.20 -
STANDARD

The water temperature in the month of April
drastically increased ranging from 28.1 °C to 29.1 °C
and Barangay Kiwalan and Saray have the same

temperature with the highest value recorded.

February period has the lowest temperature recorded
which implies continues rainfall the night before
sampling. Among the areas, Saray site has the lowest

temperature due to the freshwater runoff over the

area or else due to rainfall. Temperature plays an
important factor in controlling the functioning of
aquatic ecosystem which also influences biological
and chemical characteristics of aquatic environment
(Singh and Mathura, 2005; Basualto, 2006; and
Dallas, 2008). Moreover, the presence of household
wastes and constructions causes such changes in
temperature (Levén, 2007; Guiemaraes et al., 2009

and Jouhara, 2017).

Table 3. Pearson correlation matrix between the physicochemical and biological parameters.

Temp DO pH Sal Cond TSS TDS Trans HPC total col. Ecoli Nitrate  Phosp  subs
Temp 1
DO 778" 1
pH .887 .692" 1
Sal -287  .136 -.304 1
Cond -712°  -.255 -.641 782" 1
TSS .059 -.270 -.166 -583 -573 1
TDS -.163 263 -.132 .628 699"  -751° 1
Trans -.029 -.133 .036 .487 187 -.349 -.015 1
HPC -.057 -.259 .050 -.609 -.378 .409 -747" -.276 1
Total col. .409 .039 .319 -.257  -.511 .317 -554 -.024 437 1
E coli -.268 -.087 -.311 -.010 .243 -.064 -.071 -.344 .578 .316 1
Nitrate -.960 -.798" -.898 .384 751" -134  .199 .195 -.017 -.301 .2098 1
Phosp -.879 -.858 -790"  .283 .501 .076 -.113 .320 .084 -.001 132 .904 1
subs type .200 -.085 .145 .265 .102 -.176 .017 614 -151  .250 -.158 .010 -.023 1

*Correlation is significant at the 0.05 level (2-tailed).

Dissolved Oxygen

The DO levels in three coastal areas listed in the table
where Sta. Felomina obtained the highest DO value
(6.0 mg/l) among the three sites conducted in
February whereas Kiwalan has the least DO value
(5.67 mg/1). In March, the highest DO level was still

obtained in Sta. Felomina (5.90 mg/1) while Saray has
the lowest value recorded (5.32 mg/l) among the
three sites. In April period, DO levels slightly
increased with the following sites: Sta. Felomina (7.32
mg/1), Kiwalan (6.86 mg/1), Saray (6.38 mg/1).
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Table 4. Eigenvalue and variance per principal component (PC).

Component
Total % of Variance Cumulative %

PC1 5.347 38.191 38.191
PC2 3.649 26.062 64.253
PC3 1.930 13.787 78.039
PCyq 1.430 10.212 88.251
PCs .630 4.502 92.753
PCé6 .516 3.685 96.438
PC7 .361 2.576 99.014
PC8 .138 .986 100.000
PCo 8.032E-16 5.737E-15 100.000
PCi10 4.340E-16 3.100E-15 100.000
PC11 8.931E-17 6.380E-16 100.000
PCi2 -8.071E-17 -5.765E-16 100.000
PCi3 -3.867E-16 -2.762E-15 100.000
PC14 -5.121E-16 -3.658E-15 100.000

PC= Principal component; Bold numbers indicate the most important factor capturing the character of seawater

quality. PC1 is related mostly with nutrients. PC2 represent organic pollution (DO and TDS) PC3 is the physical

characteristics (transparency and substrate type). PC4 represent the biological characteristics.

Dissolved oxygen is a very important water quality
parameter required to assess the effect of discharged
wastewater on the receiving environment. DO is
affected largely by waste influx which causes
depletion of DO in the process of organic degradation
(Babu, 2006). The DO value was high at Sta.
Felomina in all sampling period indicating that this
area was well oxygenated compared to the other two
sites. According to Singh et al. (2012), the high values
of DO are due to the time of the day where the
samplings were conducted. Samplings were done in
between 9:00 a.m. to 11:00 a.m and at that time
photosynthetic rates of sea algae are maximum. The
DO value was lower at Saray site in month of April
due to influx of flood water from river and a
commercial seaport where it provides transport ferry
services in Iligan Bay with the used of ferry boats
(http://wikimapia.org/ILIGAN-PORT-EXPANSION).
This water has accidental spillage of oil and fuel by
boats, which will affect the growth of aquatic plants,
thus affecting the photosynthetic rate resulting in low
DO (Pizzato et al., 2003 and Raouf et al., 2012). Low

ranges of DO indicates the presence of biological

stressors such as high nutrient levels, anthropogenic
impacts, release of domestic and industrial effluents
(Wang et al., 2007 and Glover et al., 2008).

pHs

The pH value of the three sites ranges from (10.3 to
10.8) in the month of February where Kiwalan site
has the highest pH level reading (10.8). In March, the
pH level ranges from 10.7 to 11.0. In the month of
April, the pH level rises ranging from 11.1 to 11.2.
February period has the lowest pH level readings
(10.3 to 10.8). Among the three coastal sites, Sta. Fe
has the highest pH value readings within three
sampling periods (10.6 to 11.2) while Saray has the
lowest pH level readings ranging from (10.3 to 11.1).
The results of pH level studied within three sampling
period obtained pH levels 10.3 to 11.2. These values
are not within the standard range (7.5-8.5) set by the
DENR (DAO 34, 2016). They could be due to higher
biological activity (Balasubramanian and Kannan,
2005; Sridhar et al., 2006) such as photosynthetic
activity and microbial respiration (Tucker et al., 2008
and Yap et al. 2009) and to some alkaline discharge

from the industrial area or due to rainwater-runoff
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such as fertilizers and detergents from upper portion
of the inland water bodies that is rich in soluble
alkaline matters (Upadhyay, 1988;Rajasegar, 2003;
Singh et al., 2012). Also effluent from the copra
extraction plant could be the reason for the recorded

alkaline condition of the coastal water.

Salinity

The overall salinity values of the three sites conducted
were between 21-35 ppm. During February, values
were between 31-35 ppm and Saray site has the
highest salinity level. Salinity values during March
period decreased with the following site: Kiwalan (31
ppm), Sta. Felomina (31 ppm) and Saray (21 ppm). In
April, salinity values range from 21-32 ppm and Saray
has the lowest value. The lowest value of salinity in
Saray between sampling months indicates that the
area received major influence from drainages and
river. The salinity at any point is dependent on the

state the tide (high or low; spring or neap), time of the

Table 5. Principal component matrix.
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year, rainfall extent of fresh water inflow (Mclusky,
1971; Desousa, 1977). Several authors, Gibson, 1982;
Balasubramanian and Kannan, 2005; Sridhar et al.,
2006; Yap et al. 2009 stated that salinity is an
ecological factor of considerable importance which act
as limiting factor for the distribution of living
organisms e.g. its variation caused by dilution and
evaporation is most likely to influence the fauna in
the coastal ecosystem. High salinity means higher
NaCl, MgCl. and other inorganic compounds.
Generally, salinity increases along a coastal water as it
gets closer to the river mouth, where tidal influences
are strongest (Pizzato et al., 2003). Reduce normal
salinity levels within the coastal waters are also
caused by storm water which can add freshwater to it.
Salinity affects the degree of mixing of water.
Amarathunga et al., (2010) states that as saltwater is
heavier, it sinks to the bottom making it more saline
than surface water hence it will affect aquatic species

that live at the bottom of the aquatic zone.

Parameters

PC1 PC2 PC3 PC4
Temperature -.020 .338 .129 .071
DO level -.627 .625 -.278 .200
Ph -.854 .356 .130 .090
Salinity .594 .622 152 .235
Conductivity .887 .335 -.143 222
TSS -.308 -.728 .053 -.386
TDS .425 .780 -.367 .059
Transparency .257 .327 .825 -.003
hetero plate count -.251 -.797 -.028 .379
total coliform -.467 -.383 .382 .501
E coli 178 -.402 -.341 .810
Nitrate .956 -.270 .050 .042
Phosphate .818 -.433 .268 -.089
substrate type .022 .265 .788 .244
Eigen Values 5.347 3.649 1.930 1.430
Total Variance (%) 38.1091 26.062 13.787 10.212
The Percentage of cumulative variance
(%) 38.191 64.253 78.039 88.251

PC= Principal component; Bold numbers indicate positive correlation; Extraction

Method: Principal

Component Analysis; Rotation Method: Varimax with Kaiser Normalization.
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Conductivity

Conductivity levels in three sampling sites ranges
from 362 to 381 in the month of February. In March,
it slightly decreased ranging from 258 to 302 whereas
in the month of April, the conductivity readings range
from 198 to 282. Among the sampling period, the
highest obtained value was in Sta. Felomina in the
month of February while Saray site has the lowest
recorded value in the month of April. The value of
conductivity depends on salinity and is affected by the
presence of dissolved solids (Pezard, 1990; Singh et
al., 2012; Levlin et al., 2008; Dixit, 2013). As the level
of total dissolved solids (TDS) raises, the conductivity
also increases. Salinity value is minimum in the

month of March and April, so conductivity is also less.

Total Dissolved Solids

Total dissolved solids are a measure of the total ions
in a solution with a standard value of 1000 ppm.
Dissolved solid concentrations in natural waters are
the result of weathering and dissolution of minerals
from local soil and bedrock (Freeze and Cherry,
1979). The minimum reading of TDS obtained from
the sites studied was 643 ppm recorded at Saray site
on the month of March and the highest was 962 ppm
at Sta. Felomina on February. The TDS is lower than
the standard might be due to some organic and
inorganic matters that were suspended in sediments
of the coast from anthropogenic factors of human

activities (Amparado, 2014).

Turbidity

Turbidity is the amount of particulate matter that is
suspended in water which measures the relative
clarity of water. Materials that cause water to be
turbid include clay, silt, finely divided organic and
inorganic matter, soluble colored organic compounds,
plankton and microscopic organisms (Lawler 2004).
Those sampling sites with high turbidity are places
with plenty of organic and inorganic wastes flowing
into the coastal water from the residential areas
especially at Saray where there is a wet market nearby
which could be the cause of the high turbidity (4 m to
4.5 m) and total suspended solids (0.065 g/ml to
0.083 g/ml). Similar study of Hettige et al., 2014 was
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recorded in Negombo, Sri Lanka where a fish market
was also located. TSS and turbidity are changed due
to the watershed hydrologic process, soil sediment
characteristics and land use pattern (Amarathunga et
al., 2010). The high turbidity and TSS can be caused
either by extensive soil erosion that flows down into
the coastal water through river or canal. Finally, it is
markedly depends on the tidal pattern. The turbidity
can be increased in the coastal region due to a rise of
the river that is closely related to precipitation
(Fukuda et al., 1975). Because of this, turbidity and
TSS were higher during the rainy season and low
levels were determined during the dry weather
condition. For Kiwalan, the high turbidity could be
attributed to the industrial wastes and ships and thus

has oil spills and pollutants.

Substrate Type

The type of substrate varies from one sampling site to
another. Barangay Kiwalan had sandy- rubble type of
substratum. Sta. Fe and Saray had sandy substratum.
Slow moving or still water such as Saray area, has the
substrate bed sandy with the increased of light
penetration (Water and Rivers Commission, October
2001) influence to increase high nutrient levels

(Kobingi et al., 2009).

Nitrate and Phosphate

Nitrate and Phosphate are important parameters of
coastal waters showing the pollution status and
anthropogenic loads. The highest nutrient level in the
three sites conducted within 3 periods was recorded
in Saray (nitrate= 4.5 mg/l; phosphate= 0.09 mg/1)
while Kiwalan area has the lowest nutrient levels
recorded (nitrate= 0.1 mg/l; phosphate= -0.09 mg/1).
The month of February obtained the highest nutrient
levels of phosphate (0.01 mg/l to 0.09 mg/l) and
nitrate (3.7 mg/l to 4.5 mg/1) while in April month
obtained the lowest nutrient levels of nitrate (0.1 mg/1

-0.4 mg/1) and phosphate (-0.09 mg/1).

Saray site recorded the highest values in nitrate and
phosphate might possibly be due to human activities
and sewage disposal near the site. Excessive use of

nitrate fertilizers and runoff from human and animal
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waste are the main sources which affect to the
variation of nitrate in water. Also, Amarasiri (2007)
stated that the large amount of nitrogenous fertilizers
has contributed to increased high levels of nitrate in
water in many countries. High concentrations of
these nutrients can cause low DO (Kobingi et al,
2009). The least values of nitrate and phosphate was
recorded in Kiwalan can be explained by the nature of
the type of industry. These could also be attributed to
high salinity and utilization of nutrients by the
primary producers (Senthilkumar et al, 2002;
Rajasegar, 2003) which decreased the level of nitrate

and phosphate.

Biological Water Quality Parameter

Microbiological factors monitor the parameters of
coastal waters used for recreational activities or
shellfish harvesting for human consumption. Besides
the marine microbiota, sediments and seawater can
contain a significant nonindigenous microbiota
composed by bacteria, virus and protozoan that are
discharged to the environment from domestic sewage
and urban drainage water (Sato et al., 2005; Oliveira
et al., 2007; Oliveira and Pinhata, 2008). Among the
sampling months, March has the highest value
recorded for heterotrophic plate count (89 MPN/
100ml- 177 MPN/ 100 ml) which is located in Saray
site and the least was in Sta. Fe (56 MPN/ 100 ml —
98 MPN/ 100ml) on the month of February. Total
coliform was recorded high on the month of March
(>16 MPN/ 100oml) to three sampling sites and
February has the least value obtained (9.2- >16
MPN/100 ml) located in Sta. Fe. Fecal E.coli, an
indicator bacteria, was recorded high in the month on
February (9.2 100 MPN/100ml to >16 MPN/ 100 ml)
located in Sta. Fe and the highest was on the month of
March (>16 MPN/ 100 ml).

Anderson (2005) showed that a combination of the
biological, chemical and physical makeup of seawater
all affect the presence of indicator bacteria. Previous
studies conducted by Metris et al, (2014) and
Xianghao et al. (2014) determined that the higher the
salinity, the more stressed the sample of E. coli

becomes. But other studies indicate that it is not just
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the presence of salt in the water but also the presence
of predators that affect the elimination of E. coli
(Enzinger,1976; Mc Cambridge, 1981; and Rozen and
Belkin, 2001). The pH level of the water affects the E.
coli survival. Fecal coliform elimination peaks at pH
values greater than 9 and when exposed to pH values
ranging from 7.5 to 7.75 little die off was observed
(Pearson, 1987). Storms also affect the concentration
of E. coli in the water column because this storm may
flush E. coli from the soil banks and then this takes
roughly two days to noticeably increase to levels that

affect the water column (Solo- Gabriele, 2000).

Pearson correlation between variables

Correlation coefficients of two elements were very
useful as this could reduce the dimensionality of the
original data set and of less significant variables
obtained (Wang et al., 2013). In the present study,
there is a positive significant correlation between DO
and temperature (.778), pH and DO (.692),
conductivity and salinity (.782), TDS and conductivity
(.699) and nitrate and conductivity (.751) shown in
Table 3. The significant positive correlation between
DO and temperature indicates that DO is largely
influenced by the temperature. The correlation of DO
with water body gives direct and indirect information
e.g. bacterial activity, photosynthesis, availability of

nutrients, etc. (Premlata, 2009).

The high DO in summer is due to increase in
temperature and duration of bright sunlight has
influence on the % of soluble gases (0-& CO-). During
summer the long days and intense sunlight seem to
accelerate photosynthesis by phytoplankton, utilizing
CO. and giving off oxygen. This possibly accounts for
the greater qualities of O recorded during summer
(Krishnamurthy R, 1990). According to Adeniji,
(1991) decomposition of organic matter also reduced
the amount of oxygen, while increasing the amount of
carbon dioxide in the affected environment that gave
a positive correlation between pH and DO. Negative
significant correlation was observed between
conductivity and temperature (-.712), TDS and TSS (-
.751), HPC and TDS (-.747), nitrate and DO (-.798)

and phosphate and pH (-.790).
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Principal component analysis

PCA is a powerful tool for the characterization of
anthropogenic loads. In the implementation of
principal component analysis, any factor component
with eigenvalue greater than unity (eigenvalue >1) is
statistically, considered as significantly different from
the rest (Kim and Mueller, 1987; Webster, 2001;
Xiaolong et al, 2007; and Arslan, 2013) and are
retained in order to understand the underlying data
structure (Jackson, 1991). Table 4 shows the results of
the PC loadings with a varimax rotation, as well as the
eigenvalues, % variance explained and % cumulative
variance. Among the 14 principal components, only
the first 4 PC’s were found to be significantly different
from the rest of the variables, hence construed as the
most important factor capturing the character of

seawater quality.

Four major PCs were extracted which accounted
88.3% variance of the original data structure (Table
5). The first PC explained 38.191% of the total
variance and was best represented by nitrate,
phosphate and conductivity. The second PC was
dominated by DO and TDS, accounting for 26.062%
of the total variance. The third PC explained 13.787%
of the total variance and loaded heavily on
transparency and substrate type. The fourth PC
accounted for 10.212% of the total variance which is
dominated by hetero plate count, total coliform and E
coli. As can be seen in Table 5, PC 1 is related mostly
with the nutrients. Thus, it can be said that PC 1
explains the nutrient amounts that originate from
coastal sites. PC 2 represents the organic pollution,
since it was represented primarily by DO and TDS.
Given that the third PC was mainly represented by
transparency and substrate type, PC 3 represents the
physical characteristics and PC 4 is the biological

characteristics of the water.

In PC1 outputs, the positive loadings of nutrients
along with negative loadings of DO, pH and
temperature indicate that nutrients contribution
relates with pollution sources. Several authors (Singh
et al., 2005, Bong et al,, 2008, Babu et al., 2010,

Praveena et al., 2013), suggested that it might be due
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to the consumption of large amounts of oxygen by the
organic matter. The PC1 has the largest proportion of
the total variance indicating that nutrients are the
major source of water contamination in the three

sampling sites.

The second component (PC2) has significant positive
loadings on DO level and TDS and negative loadings
on TSS, nitrate and phosphate. This component
might be due to different sources of organic
pollutants and inorganic nutrients as well as the
morphology of the area and the circulation of the
waters. Most industries have been using a large
volume of water which induced a large number of
wastewater discharge into river nearby without any
form of treatment. Other researchers also provided
the similar issue (Ho and Hui, 2001; Zhu et al., 2002;
Ouyang et al., 2005; Ali et al., 2011; and Gyawali et
al., 2012). Among these literatures, Ali et al. have
mentioned that the major agro-industrial effluents of
sugarcane and starch industries pose a serious threat

to surface waters of Nile River.

The PC3 has significant positive loadings on
transparency and substrate type and negative
loadings on TDS, conductivity, DO and E.coli. These
variables originated primarily from run-off with high
load of solids and wastes from point sources of
pollution such as domestic and industrial wastewater
discharges (Wondie, 2009; Abdel-Raouf et al., 2012;
and Gazzaz et al., 2012). High turbidity and the
associated suspended solid concentrations have
important ecological impacts, because of light
suppression effects. According to Yap et al., 2011,
those sampling sites with high turbidity are sandy
places with plenty of organic and inorganic wastes
flowing into the coastal water from the residential
areas especially near a wet market which could be the

cause of the high turbidity.

Finally, the PC4 is significantly and positively loaded
on E. coli, total coliform and heterotrophic plate
count but negatively loaded on TSS which is
suspected to originate from animal faeces, surface

runoffs and discharges from sewage treatment plant
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(Cabral, 2010; Chigor et al., 2010; and Fadaei, 2014).
According to the study of Anderson and Rounds
(2003) and Hamilton & Luffman (2009), a positive
correlation between E. coli bacteria and turbidity
indicates that E. coli were either transported to
streams attached to particles bound to resuspended
stream bed particles, or they had an affinity for

sediments in water.

In summary, the four extracted Principal Components
represent four different processing which are:
seasonal effects, agricultural drainage, storm water
effects of the river basin and wastewater pollution
from domestic and industrial organic load. This PCA
analysis identified the potential contamination
sources of selected coastal waters of Iligan Bay that is
mainly due to a mixed source including natural
processes and anthropogenic activities. The
discharging untreated urban wastewater into surface
water system constitutes the major point
anthropogenic contamination source (Ritter et al,
2002; Barakat et al., 2016). The non-point source
which also contributes immensely in the bay
contamination is from agricultural activities such as
intensive culture and livestock farming that flow to

river, estuaries and coastal waters.

Conclusion

Human activities present a potential risk to the
environment, including water resources. This study
demonstrates the utility of multivariate analysis
techniques to obtain better information on water
quality and prevent pollution caused by human

factors.

The results for physico-chemical analysis showed that
the selected sites in Iligan Bay generally, did not
comply with the limits of quality set by the DENR,
especially for surface water temperature and pH. The
results for bacteriological analysis showed that the
three sites suggest bad water quality. Bacteriological
analysis stressed water samples have high
concentrations of fecal contamination in almost all
sources studied, which is undoubtedly a threat to

residents for recreational and fishing activities. In
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general, Microbiological seeds were more directly
related to human activities that took place in the area
(big industries, corporations, harbors/docklands and

depots).

The management of domestic and industrial wastes is
required to lower the accumulation of pollutants in
water and soil and minimize environmental
degradation. This is achieved by providing proper
treatment of municipal and industrial wastewater
before being released to the environment, and the

improvements in agricultural practices.

The results also showed the importance of
multivariate statistical assessment of large datasets to
get better information about the quality of surface
water which can help the environmental managers to
make better decisions regarding action plans. These
will help in developinga strategy for good governance
accordance with the

of water resources in

requirements of sustainable development.
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